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ABSTRACT

Accelerator Driven Systems (ADS), coupling an accelerator with a target and a sub-critical reactor,
could simultaneously burn minor actinides and transmute long-lived fission products, while producing
a consistent amount of electrical energy. A team of Italian R&D organizations and industries has set up
a network of coordinated programs addressed to study the design issues of an 80 MWth Experimental
Facility. The present memo focalizes the attention on some results obtained by the R&D activities and
by the on-going industrial short term activities aiming at the preparation of the proposed preliminary
design, leaving the deal to define the details of the subsequent medium term activities to the expected
common program in the European context.

1. INTRODUCTION

Starting from 19951 a growing interest on the Accelerator Driven Systems (ADS) concepts has taken
place in Italy and has given origin to several basic R&D activities and to an industrial program
involving ENEA (the Italian national research body for energy, environment and new technologies),
INFN (the Italian national research institute for nuclear physics) and various industrial partners.

As a first step, this interest was confirmed by the national R&D program TRASCO (Italian acronym
standing for waste transmutation - TRAsmutazione SCOrie), funded and started in 1998 under the
leadership of INFN for the accelerator and of ENEA for the sub-critical system. The TRASCO program
was relevant to promote collaboration among groups of different competencies (accelerator, reactor
physics, plant design), which will provide relevant results in support of any related industrial program.

Parallel to the basic activities of TRASCO, an industrial program was proposed in two main steps
(the first was approved and funded in 1999):

a) On-going short-term activities in the Italian context to issue preliminary design of the ADS
experimental plant. A reference configuration has been proposed2 (named EADF, Energy Amplifier
Demonstration Facility) and submitted to the European partners3 as a contribution to the discussion of
the European Road Map for developing an ADS experimental plant. The preliminary design will be
completed in the first half of 2001, while the main supporting R&D needs were assessed and the
realization of the experimental facility CIRCE is in progress, for thermal hydraulic testing in PbBi of
the main subsystems of the experimental plant.

b) Medium term activities in an European and international context with the aim to perform the
detailed engineering design, the realization and the commissioning of the experimental plant along with
all the supporting R&D.
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2. THE TRASCO PROGRAM

2.1 Introduction

The program, devoted to study the physics and to develop the technologies needed to design an ADS
for nuclear waste transmutation, was prepared with close reference to Carlo Rubbia's Energy Amplifier
proposal'. It consisted of two main parts regarding, respectively, the accelerator and the sub-critical
system. The part relative to the sub-critical system, managed by ENEA, was structured through the
following topics (in parenthesis the team composition for each topic"):

> General safety criteria and classification (ENEA, ANSALDO);
> Nuclear data (ENEA, University of Bologna);
> Neutronics (ENEA, CIRTEN, CRS4);
> Thermal-hydraulics (ENEA, CIRTEN, CRS4, ANSALDO);
> Beam window technology (ENEA, CIRTEN, ANSALDO, INFM);
> Materials technology and compatibility with Lead and/or Lead-Bismuth alloy (ENEA, CIRTEN,

CRS4, FN, ANSALDO).

Some outputs from the above topics are summarized in the following section.

2.2 Main results

> General safety criteria and classification

The activity was focused on:

a) Set up of rules necessary for the development of EADF design;

b) Analysis of general safety issues and definition of requirements

and was shared out in the following four lines.

Identification of general safety issues and requirements

This activity has been finalized to define the safety requirements of the overall process, by
emphasizing the peculiarities of an ADS plant, relative to current nuclear power plants.

The activity has allowed to define the general safety and functional requirements, against the
established objectives for the Italian demonstration plant (EADF). The sole aspects of this type of plant
have been shown, for example the sub-critically level in every operational condition and their impact
on the design.

ANSALDO Nuclear Division, which also provides the program overall coordination, is the technical coordinator
of the subcritical system design activities and is involved in all the main working tasks in order to assure
integration and consistency;
CRS4, Center for Advanced Studies, Research and Development in Sardinia, provides support to core/fuel and
subcritical system design activities;
CIRTEN: Universities Consortium;
INFM: National Institute for Materials Physics;
FN: Nuclear Fabrications.



The criteria about process simplification, use of passive systems, reliability, availability and
maintainability of systems and components have been established.

The bases for the definition of the design basis accidents, their characterization in terms of
probability, the levels, of resistance, protection and mitigation toward the accidental situations have
been rendered explicit.

The requirements against internal, external and special events, caused by human action (for
example, impact of a plane, explosions of gas), have been defined.

The barriers to the radioactive product release have been redefined in comparison to the classical
formulation.

Safety classification

This activity has allowed to associate structures, systems, and components of EADF to the reference
standards and codes.

According to the previous choices effected on the applicable normative, a first phase of this activity
has consisted of to point out the state of the art on the principal methodologies for the classification of
systems, structures and components mostly used within the nuclear industry. Among these, the
methodology proposed by the EURs, based on the functions of the systems and on the temporal phases,
has been examined deeply.

Applicable codes and standards

This activity has been finalized to define the reference regulations to use in the ADS design. These
regulations have been established through an in-depth, critical assessment of LWR and LMFBR
licensing processes (e.g., by revising existing Regulatory Guides) and of other guides (e.g., industrial
standards).

Mechanical design criteria

This activity has carried out to the definition of new criteria for the use of innovative materials, as
well as for the operation of nuclear components and structures out of the standard range of
applicability.

> Nuclear data

The research activity was focused on nucleon induced reactions in the incident energy range from 20
to 150 MeV, above the range of standard nuclear data libraries used in critical reactor calculations and
below the pion production threshold.

In the above mentioned energy interval, several pre-equilibrium reaction models, either
semiclassical, such as the exciton models and the intranuclear cascade models, or fully quantum
mechanical, such as the multistep theories of Feshbach, Kerman and Koonin (FKK) and Tamura,
Udagawa and Lenske (TUL), can be applied, with different limitations inherent in their basic
assumptions.

In collaboration with researchers of the Institute of Physics and Power Engineering, Obninsk, the
hybrid exciton model was used to compute cross sections for production of deuterons, tritons and alpha
particles in proton induced reactions on several structural materials and one target material ( Bi) 4, as



well as the cross sections of all important channels of neutron induced reactions on 238U 5. In both
cases, the primary nucleon energy ranged from 20 to 150 MeV.

Work is in progress, on the improvement of nuclear models of the EMPIRE-II code, which uses the
TUL approach to multi-step direct reactions, in collaboration with the author, M. Herman, IAEA
Nuclear Data Section, Vienna, in order to extend the range of applicability of the code itself.

As far as nuclear structure data are concerned, a preliminary study of the low-lying discrete levels
and of the collective enhancement factor of level densities of even-even thorium isotopes (220"232Th)
was carried out in the frame of the interacting boson model of collective nuclear excitations6, with a
view to using it in future calculations of neutron cross sections at low and intermediate energies.

The work planned on Th isotopes will benefit from the re-evaluation of neutron data below 20 MeV
for 232Th, recently completed within the framework of the same research program by V. Benzi, M.
Sumini and co-workers at the DIENCA Department of the University of Bologna, by taking into
account the most recent experimental data on total, inelastic and capture cross sections, not yet
available at the time of release of the ENDF/B-VI file.

> Neutronics

Static analyses

In order to investigate the level of accuracy of deterministic calculations (DC) with respect to Monte
Carlo calculations (MCC), an intercomparison was launched in the fall of 98 for the EADF
configuration. This involved, as well as basic system integral parameters (K̂ ff, Ks), also the spatial -
energy characterization of the neutron flux profile inside the sub-critical region. The DC employed an
approximate neutron source obtained from the first stage of the MCC starting from the proton source
energy until 20 MeV.

The MCC-DC inter-comparison indicated a good agreement between Keff and Ks (differences of
around 600 pcm with the same library) and a good reproducibility by the DC of the main reaction rate
profiles. In addition, the results validated the approximations employed to generate the neutron source.

Development of kinetics and core-dynamics computational tools

The activities were focused on:

- Development of a neutronic model and of a numerical scheme for a two-dimensional system in
multigroup diffusion theory.

- Development of consistent quasi-static techniques suitable to treat 3D (multigroup diffusion
theory) time-dependent neutronic problems for ADS.

- Study and optimization of numerical algorithms for the time-discretization of the transport
equation in source-dominated systems7'8.

- Coupling of the single channel - single phase TIESTE thermal-hydraulics code (developed by
ENEA) with point kinetics and 2D RZ, multigroup diffusion theory (developed by Politecnico di
Torino, Prof. Ravetto team) codes in order to investigate dynamics core behavior9. A simplified
model of natural convection has been developed to improve the ADS dynamics investigations by
considering the mitigation effect relevant to the coolant natural-convection dynamics10.



Kinetics and core-dynamics analyses

The activities were focused on:

- Preliminary analysis of some transient situations.

A core-dynamics analysis relevant to some typical current-transient events was carried out for the
EADF. In particular, fuel and coolant temperature trends relevant to Recovered Beam-Trip and Beam-
Jump events were preliminarily investigated n< n.

Beam-trip results showed that the drop in temperature of the core-outlet coolant would be
appropriately reduced if the beam intensity could be recovered within few seconds. Concerning the
current transient "Beam-jump from zero power", it should be recalled that in the EADF design, the
primary-loop coolant flow is assured by natural convection and is enhanced by a particular system of
cover gas injection into the bottom part of the riser13. In the EADF design, the natural convection pull
is about 20% of the pull due to the active system based on cover gas injection. Preliminary results
confirm that while the active system of cover gas injection is working, the impact of the primary
coolant natural convection on Beam-Jump transient behaviors is not significant. On the contrary, the
natural convection mitigation of temperature transients becomes clearly significant if the active system
of cover gas injection is assumed to be unavailable or to fail10.

Moreover, it is well known that ADS respond more benignly than critical systems to reactivity
insertions. This ADS characteristic was further analyzed in the EADF case14'15. In particular, possible
low feedback reactivity-effects, that mitigate critical system transients induced by reductions in coolant
flow, were investigated in the worst hypothetical scenario: i.e. during an unprotected Loss Of Flow
accident. Since ADS dynamics are mainly decided by the external source, a parametric study was
performed to investigate feedback effects in the EADF, by considering not only different values of the
system sub-criticality level, but also different hypotheses on the external-source control-strategy.

- Reactivity monitoring strategies.

The EADF response to harmonic modulation of the external neutron source intensity was analyzed.
The point kinetics approximation was adopted to test the method by numerical simulations. Moreover,
spatial effects were theoretically and numerically investigated16. Results show that, an absolute
"reactimeter" may be conceived.

In addition, a spatial source-jerk approach was compared with the modulated source method . A
numerical simulation of both methods was performed, and results indicated a consistency between the
responses by the two methods, although the modulated source method may be considered an on line
reactivity measurement. Finally, some indications were derived about the most appropriate positions in
the system to monitor the absolute (in dollar units) fundamental reactivity value.
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Thermal-hydraulics

The proposed ADS,concepts present some peculiar aspects, which require the development of new
thermal-hydraulic models, as well as a deep investigation of some fundamental phenomena, at present
far from a complete comprehension. In particular, the use of lead or lead-bismuth alloy as a beam target
and nuclear coolant, as well as heat removal based on natural convection, has to be carefully studied.
Therefore, the activities were focused onb:

- Assessment of the limits of applicability of the turbulence models implemented in CFD
(Computational Fluid Dynamics) codes for the simulation of liquid-metal flows'8. In fact, beyond
the standard limitations of turbulence models, additional problems can arise, essentially due to
the low Prandtl number of liquid metals. A benchmarking activity of CFD codes is in progress, in
collaboration with other European research centers and with CFD companies, based on
experimental measurements in liquid metal flows1 '20. Some important results have been already
obtained.

- Assessment and development of free-surface-flow algorithms to be used in the design of
windowless targets.

- Development of a thermal-hydraulic system codes which can simulate the various reactor
transient21. Two codes have been developed and their validation is in progress: ANTRASS and
RELAP 5. The latter can be used also for 3-D neutronic calculations.

- Structural and thermal-hydraulics analysis of critical components like target, vessel, fuel
assemblies"2. This activity has been performed using through the integrated calculation system
described in 23.

y Beam window technology

Being subjected to heavy operational conditions, concerning irradiation and corrosion, the beam
window is universally considered as a "key" component of a sub-critical system. Advanced materials
and technologies have, thus, to be foreseen and developed for this component. Unfortunately, there is a
general lack of data on the mechanical properties of these new materials under the synergetic
conditions of high neutron and proton fluence and of the interaction with lead or lead-bismuth.

This subprogram aimed to analyze the effects of high fluence proton irradiation, in order to get
reliable data on the mechanical properties of candidate materials vs. the irradiation dose. Furthermore,
new technologies were investigated for demonstrating the feasibility of windows of actual size.

=> In this Meeting: "Analysis of Different Design Options for the Beam Target of the Energy
Amplifier Demonstration Facility", S. Buono, C. Aragonese, G. Fotia, L. Maciocco, V. Moreau,
L. Sorrentino; CRS4, Center for Advanced Studies, Research and Development in Sardinia.
Presented by S. Buono.

For more details see the CRS4 Energy Amplifier Group web page (http://www.crs4,it/Areas/ea). where a description of the
group activities and a list of publications is available.



-m-
> Materials technology and compatibility with Lead and/or Lead-Bismuth alloy

The program was dedicated to experimental investigations aiming at increasing the know-how on
the performance of candidate window materials, structural materials and system components in contact
with lead and lead bismuth eutectic alloy at high temperature in stagnant and flowing conditions.

As far as the experimental activity in stagnant lead24 and lead bismuth25 is concerned, several tests
were done aiming at studying the basic mechanisms and the thermodynamic aspects of the corrosion
process for the ADS candidate materials. In particular, a set of tests in stagnant molten lead at 793 K
and in lead bismuth alloy at 573 and 673 K were carried out on several materials: mod. F82H
martensitic steel, tungsten, mod. F82H martensitic steel hot dip aluminized, MANET II, AISI 316L.

A preliminary experimental investigation in flowing lead bismuth at 573 and 743 K was performed
on austenitic and martensitic steels26 in the framework of a collaboration between ENEA and IPPE-
Obninsk (RF). In these experimental campaigns the oxygen content was fixed at the value of H2-10"6

wt. % and the duration of the exposition of the steels was 3000 hours.
In order to carry out a more extensive experimental investigation under different operative

conditions, two liquid metal loops (LECOR and CHEOPE) have been designed and constructed at the
ENEA site of Brasimone.
CHEOPE is a "multitasking" facility, consisting of three parts:

- Section for thermal hydraulics experiments (CHEOPE-1).
- Section for mass transport and chemistry studies (CHEOPE-2).
- Oxygen control and corrosion section (CHEOPE-3).

In particular, CHEOPE-3 is the part of the facility dedicated to the corrosion tests, equipped with an
oxygen monitoring and control system. The corrosion tests will be performed at relatively high oxygen
content in order to validate the technology of steel protection by in situ oxidation.

The main objective of the experiments to be carried out in LECOR, which is a "figure-of-eight"
configuration loop, is the quantitative study of corrosion phenomena and their effects on the
mechanical behaviour on beam window candidate materials. The main operative conditions that will be
adopted in LECOR can be summarised as follows:

- Temperature range in the test sections: 723-̂ -823 K.
- Velocity range in the test sections: 0.5-*-1 m/s.
- Oxygen content lower than 10"8 wt.%.

The experimental device ORE was developed to support the activities to be carried out in LECOR
and CHEOPE in the field of oxygen monitoring and control and the conditioning of the liquid metal.
For this last aim ORE provided data about the kinetics of lead-bismuth oxides reduction by hydrogen as
well as oxygen extraction.

An up-grade of the ORE device, in order to control the oxygen content in molten lead - bismuth, is
under design, which will be provided with an oxygen probe, developed in ENEA.



3. THE INDUSTRIAL PROGRAM

3.1 Background and considerations

In Europe a strong industrial interest exists for the ADS technology aimed at the construction of a
prototype. Such a interest has been witnessed:

- In the common signature by ANSALDO, FRAMATOME, NNC and SIEMENS of the document
"An European Nuclear Industry Interest for the Accelerator Driven Systems Technology to assess
an European Reference System Configuration" which has been transmitted 1998 to the European
Union.

- By the approval by the EU in the year 2000 of funds for ADS-specific R&D activities.
- By the common application, to be submitted to the EU end this year by leading engineering

companies and R&D organizations, for funding within the 5th R&D Program scoping studies
aimed at the choice between liquid metal or gas-cooled ADS configuration, to be engineered as
Experimental ADS (EADF).

On 1998, the Research Ministers of France, Italy and Spain have established a Technical Working
Group (TWG) including R&D organizations and industrial companies in charge of reactor and
accelerator studies, in order to identify the crucial technical issues for which R&D is needed. The
recommendations of the TWG indicate the needs to design and operate the EADF facility at a
sufficiently large scale to become the precursor of the industrial, practical-scale transmuter.

Based on the recommendations of the TWG, Italian engineers and scientists of ANSALDO
Nucleare, ENEA, CRS4 and INFN, grouped in a team led by ANSALDO, have anticipated the activity
on EADF cooled by Lead-Bismuth Eutectic (LBE). The facility should demonstrate key-features, such
as the successful coupling of the sub-critical reactor with the accelerator and the transmutation
capability of transuranics and selected fission fragments of concern.

With the appropriate selection of main operational parameters, such as a low primary coolant
temperature (choice of LBE instead of lead as the coolant) and speed, a low core power density, a
proven fuel, and the power removal to the atmosphere, the EADF could be engineered for construction
on the basis of information from of a mid-term R&D programme. In particular a large-scale R&D
facility, the CIRCE test rig, is scheduled mid 2001 for completion in Italy. The feedback from the
operation of the EADF and the answers provided by a long-term R&D programme will be the base, in
turn, for the development of the lead-cooled ADS power prototype.

The development activity of the Italian team has already made all basic technological choices,
illustrated by general arrangement drawings, plot plan and elevation studies, main component data
sheets and drawings, Table 1 and Ref. 3. At present, the purpose of the work is to confirm the main
technical features focusing at the following main project topics:

- Overall feasibility.
- Construction materials exposed to LBE and corrosion protection.
- Fuel type(s).
- Accelerator type and power.
- Target System.



- Primary and secondary coolant, heat transfer equipment, pumping and purification systems.
- R&D needs.

3.2 Status of the industrial program

The results obtained so far, though preliminary and not exhaustive, allow to outline a consistent
demonstration prototype configuration, main features of which per plant area are concisely reported in
table 1.

The choice of the power (80 MW,h) is motivated by the fact that 80-100 MWth is the minimum
consistent with a representative core characterized by annular configuration. Moreover, this power
level eases both design and licensing, because the decay heat can be removed passively by the Reactor
Vessel Air Cooling System (RVACS) and the Reactor Vessel always operates at loading conditions of
negligible creep damage, according to the RCC-MR.

Though the process of selection of the accelerator type for the Demonstration Prototype is
continuing at present, the basic scheme assumed is a reasonable extrapolation of the PSI facility and is
based on a three-stage system capable to supply a proton beam of a few mA (up to 5-6mA) at 590
MeV. The first stage, made of the proton source and a small cyclotron, supplies the low energy pre-
injection beam (5-6 MeV). The following accelerator stages are provided by two separated-sectors
cyclotrons. The intermediate-stage cyclotron provides a low-medium acceleration with extraction at
100 MeV. The final stage cyclotron (the so called "ring cyclotron") boosts the proton beam to the final
energy of 590 MeV. The booster is a 8-sector magnets cyclotron with 6 RF cavities operating at 50
MHz- lMV.

The target material is molten LBE separated from the reactor coolant. LBE has good spallation
efficiency, neutronic properties and low melting temperature. Target eutectic is kept separated from the
reactor primary coolant by means of a retrievable target unit. Two target configuration concepts have
been investigated, which differ in the separation barrier adopted at the interface between vacuum pipe
and target lead-bismuth eutectic.

The "window" target configuration features a mechanical barrier of a material transparent to the
largest possible extent to neutron and proton irradiation and engineered to withstand pressure and
thermal loads, the eutectic circulates under natural circulation, cooled in the upper part of the target unit
by the diathermic fluid of an auxiliary system.

In the "windowless" target configuration, the proton beam from the accelerator impinges directly on
the target eutectic, that circulates driven by a stream of cover gas, according to the same gas lifting
principle adopted for the primary system and is cooled by the reactor coolant in the HX located in the
bottom part of the target unit.

Coming now to the sub-critical reactor, the basic fuel assembly is similar to that of SPX and, also,
the fuel pellets have the same geometry and comparable composition (about 20% of Pu) of the higher
enrichment of the SPX core. At the core rated power of 80 MWth, the average fuel power density is 22
W/g-MOX (227 W/cc-MOX), with max radial peaking of 1.32 and axial of 1.13. The core is
surrounded by an outer region of four rows of dummy assemblies, which are empty duct structures.
This offers a continuous fast-to-thermal neutron flux region, useable for test burning MA and LLFF
SA's.
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The core multiplication factor results 0.97 at beginning of life and reduces to 0.94 at end of cycle, at

full power. fCeff = 0.97 is sufficiently low to ensure the safe operation of the reactor without control and
shut-down rods. 12 absorber radially positioned by means of the refuelling machine, operating without
target displacement, can bring the Keff below 0.95 at refuelling conditions (200 °C, zero power, target
vertically displaced).

Molten Pb-Bi eutectic has been chosen as primary coolant. From the neutronics point of view it
behaves like pure lead - which was the first choice of the Energy Amplifier - but it allows lower
operating temperature (300 °C at the core inlet and 400 °C at the core outlet) of the reactor and there is
the important experience on its use made by the Russians with the reactors for submarine propulsion.

The reactor has been designed in the pool-type configuration because of the possibility to contain
within the main vessel all the primary coolant with the highly active polonium, mainly originated by
bismuth, and of the large experience acquired with the design and operation of sodium cooled pool-
type reactors. In the EA concept proposed by CERN, the lead coolant operates in natural circulation,
driven by the density difference between the riser and the down-comer of the primary circuit. For the
Demonstration Prototype the lead-bismuth circulation is enhanced13 by a flow of about 100 Nl/s cover
gas, injected into the bottom part of a circular array of 24 identical pipes (0.2 m ID), which make up the
riser.

The secondary system is constituted by two safety-related loops, that in normal operation dissipates
to the atmosphere the heat generated by the reactor.

The thermal cycle temperatures, 320 °C for the hot leg, and 280 °C for the cold leg, are consistent
with the choice of a synthetic diathermic fluid as the coolant, owing to the low vapour pressure of these
fluids and the insurance of no fast chemical reactions, in case of leak, with the lead-bismuth eutectic or
the air.

Each secondary loop is made up of two Intermediate Heat Exchangers (IHX) arranged in parallel, of
three Air-fin Heat Exchangers (AHX), of a circulation pump, and of the interconnecting piping. The
Air-fin Heat Exchangers (AHX) are arranged in parallel as regard to the air circulation but, on each
loop, they are in series as regard to the circulation of the synthetic diathermic fluid. The system, as it
has been designed, could re-use the six AHX's belonging to the RSR circuit of the PEC reactor.

4. PLANNED FUTURE R&D ACTIVITIES AND COLLABORATIONS

In the short term, the following activities are foreseen:

- Preliminary project of the EADF, core section, spallation module and its coupling with the
accelerator.

- Realization and operation of the experimental plant CIRCE, execution of the first two test
experimental campaigns.

- By means of the experimental facilities at Brasimone (LECOR and CHEOPE), support to the
technological development for CIRCE experimental plant and support tests to MEGAPIE and
MYRRHA programs.

- Participation to the EU Framework Programme on Partitioning and Transmutation in the
following tasks: TECLA (liquid metal technologies), MUSE (physics of the subcritical system),



nTOF (nuclear data), PYROREP (pyrochemical reprocessing), Advanced Fuels for ADS, System
Analysis (on the EADF).

- Participation to the MEGAPIE project.
- Participation to the bilateral agreement among ENEA and different research institutions (CEA,

SCK-CEN, Halden, ITU, ISTC).

In the medium term, the following phases are foreseen:

- Basic researches on accelerator technologies, subcritical system and long-life radioactive species
partitioning.

- Finalized researches devoted to the demonstration of the feasibility and economical convenience
of particular technical solutions, in the frame of the test support program to the EADF project.

- Project and realization of the EADF.

Afterwards, R&D activities will support the ADS industrial development.
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PLANT AREA
Plant power

Target/Window

Core

Fuel
Primary System
Primary coolant
circulation
Secondary System

Thermal cycle
Reactor Roof
Main Vessel and Safety
Vessel
Structural materials

In-Vessel Fuel
Handlina
Secondary Fuel
Handlina
Nuclear Island
Plant Safety

REFERENCE SOLUTION
80 MWth Subcritical System controlled by
a 590MeV, 6mA Proton Beam
Two Options: a) Proton Window

b) Windowless Target
0,97 (at beginning of cycle ) > Keff > 0,94 (at end of cycle),
at full power
U and Pu MOX
Pool configuration with four integrated IHXs
Circulation Enhanced by Gas Injection in a Natural-Circulation
Reactor Configuration
Two Low Vapour Pressure Organic Diathermic Fluid Loops
rejecting heat by means of air coolers
300°C at core inlet, 400 °C at core outlet
Metallic Plate
Hung from a cold annular beam

Vessels and Internals: 316L
Target and fuel SAs: 9Cr IMo
One Rotating Plug, One Fixed Arm, One Rotor Lifting Machine

Flask, Encapsulator, Canister, lifting and translating Equipment,
Water Pool
Common basemat on antiseismic support
Full passive system

TABLE 1, Main EADF Data by Plant Area.
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