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Abstract

Research and development as well as design activities on a subcritical reactor driven by an external neutron source generated by high energy protons impinging on heavy nuclei, called an Accelerator Driven System (ADS) and aimed to fission transuranics and to transmute selected long lived fission fragments are in progress in several countries following the CERN proposal [1].

In 1998, the Research Ministers of France, Italy and Spain established a Technical Working Group (TWG), now enlarged to the most part of the European Union member countries, including members both from R&D organizations and industrial companies in charge of identifying the crucial technical issues for which R&D is needed for the subcritical system and the accelerator. The TWG has recommended to design and operate an eXperimental ADS (XADS) facility at a sufficiently large scale to become the precursor of an industrial transmuter [2].

A two-years program, for the preliminary design of such a facility, funded by the Italian Ministry of the University, Scientific and Technological Research started in Italy in 1999, with the participation of INFN (the National Institute for Nuclear Physics) for the Accelerator, of ENEA (the National Research Organization for Alternative Energies) and some major Italian Universities for the R&D activities of the subcritical reactor and of Ansaldo and CRS4 (a Research Institute based in Sardinia) for the overall XADS facility design. 

The involved Italian organizations, which had already started a self-funded activity since early 1998, with a team led by Ansaldo, have addressed the design of an 80 MWth XADS, a key-step towards the assessment of the feasibility and operability of a power ADS.

The results obtained so far allow to outline a consistent XADS configuration. 

The main issues investigated and the associated solutions are concisely described in the paper. 

Some of the main features of the XADS are typical of the design of large pool-type LMFBRs, whereas a few are peculiar to the ADS (proton accelerator feeding a target unit placed inside an hollow core) or tailored to the use of a heavy coolant (gas injection instead of mechanical pumps) or consistent with the experimental mission of the facility (generated power heat dissipated by air coolers via an intermediate organic fluid loop).

Keywords: ADS, Accelerator Driven System; XADS, Experimental Accelerator Driven System; LBE, Lead Bismuth Eutectic; Window; Target; Core; Diathermic organic fluid.

1
The Accelerator

In an ADS, the neutron source is generated by spallation reactions caused by a high energy proton beam colliding on a high-Z target where the (p+, Xn) conversion process takes place. High-Z target materials are needed for exploiting the spallation process at the highest efficiencies, being the number of emerging neutrons directly correlated to the atomic weight of the target nuclei and to the kinetic energy of the impinging protons. The high energy, high intensity proton beam is supplied by an Accelerator System, which sustains and drives the Target-Core complex and, hence, the Core neutron flux.

The use of a cyclotron Accelerator System allows to produce the medium to high energy proton beam required to obtain the specified yield of neutrons, while keeping its dimensions reduced to fit into the compact ADS plant layout. This, however, implies the possibility of upgrading existing accelerators, such as those at the PSI of Zurich (Switzerland), at CAL of Nice (France), or at the INFN-LNS of Catania (Italy).

To the purpose, the INFN-LNS of Catania has carried out an exploratory study of an Accelerator System based on a fairly compact cyclotron. This work has screened a two machines system, operating in series, capable to supply a proton beam of around 3 MW power, sufficient to sustain the XADS.

This system has been focused on extrapolation of the present up-rating project of the PSI proton accelerator facility. Based on a three-stages system (pre injector, injection cyclotron, booster cyclotron), it will be capable to supply a proton beam output with maximum energy of around 600 MeV and up to 5-6 mA maximum nominal current.

Such proton energy and proton beam currents allow to operate an 80 MWt subcritical reactor within a range of multiplication coefficient consistent with maintaining subcriticality, with adequate margin. 

The first stage, made of a proton source (100 KeV) coupled to a small cyclotron, supplies a low-energy pre-injection beam (5.5 MeV) to an intermediate separated-sectors cyclotron (second stage) which accelerates the protons to an energy of around 100 MeV and gives them over to a ring cyclotron (third stage) which boosts the beam up to the final energy of 600 MeV.

Whereas the final energy level is quite similar to the current PSI and other facilities design, the proton beam current, which is requested for adequately feeding the spallation source in the XADS core, requires substantial changes to the architecture of the ring cyclotron. 

The high beam current required constitutes the principal upgrading problem for an accelerator system, due to the substantial expansion of the space charge effects. In the case of a cyclotron, this requires a wider separation of the proton revolution orbits (also necessary for extracting the beam at the outer orbit with minimum loss and damage/activation) with a consequent reduction of the turns number.

Because of the practical limit of the voltage of around one million Volts, it is necessary to increase the number of the cavities. For the XADS case, it has been deemed sufficient to add two more cavities, thus employng six cavities in comparison with the four of the PSI reference. 

2
The Target 

One major issue to be solved is the engineering of the target window, that is the interface between the vacuum pipe carrying the accelerated protons and the target itself. It is encouraging that several configurations based on different working principles have been conceived so far, with pros and cons of each one being thoroughly weighed at present. Two target configuration concepts have been investigated, which exploit a different separation barrier at the interface between vacuum pipe and target Lead-Bismuth Eutectic (LBE), a material that ensures a (p+,Xn) spallation reaction efficiency as good as lead alone.

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.

In the “windowless” target configuration, the proton beam from the accelerator impinges directly on the target eutectic. The target eutectic is kept separated from the reactor primary coolant by means of a retrievable target unit. 

In the “window” target configuration the heat generated by the spallation reactions is removed by natural convection. The (LBE) circulates from the heat source to a heat exchanger located at a higher level, an arrangement typical of natural-circulation cooling circuits.

A stable, properly directed natural circulation of the target LBE is possible also when the accelerator is off, owing to the crosswise arranged flow path from inner to outer annulus and viceversa, provided at the bottom of the Target Unit and illustrated by the arrows in Fig.1. 

With the reactor in hot shutdown the primary LBE at 300 °C, acting as a distributed heat source, heats up the LBE of the Target in the outer annulus. 

The LBE of the Target, in turn, by mean of intermediate heat exchanger, placed in the upper part of the Target, transfer the heat to a cooling circuit filled with organic diathermic fluid which is back-cooled by water. The cold flow in the downcomer is diverted by baffles from the inner annulus to the outer annulus in the bottom part of the Target Unit. With the onset of natural circulation, effective cooling of the window takes place from the very beginning of the spallation reactions.

The use of a diathermic fluid gives higher flexibility in the choice of the thermal cycle of the Target LBE, that allows to remain below 500 °C at the hottest spot of the window.

In the “Windowless” Target Unit the proton beam impinges directly on the free surface of the liquid LBE target. In this case a natural circulation pattern in the cooling circuit is no longer possible, because the heat source near the free surface of the LBE is at a higher level due to the vacuum in the proton beam pipe. Thus the hotter LBE must be driven downwards to the heat exchanger by some means, for example a dedicated gas lifting system. A stream of primary LBE is diverted from the cold plenum to the heat exchanger to serve as a cooling medium.

In the “Windowless” Target Unit no structural material is exposed to the direct proton irradiation. This option has the advantage of overcoming issues related to material structural resistance, but presents issues related to the proton beam impact area, flow stability and evaporation of LBE.

The design currently being developed features an asymmetric free surface and offset downcomer. 

Figure 1 -  Primary System configuration
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3. 
The Sub-Critical Reactor

3.1 
The Core

The core layout is shown in Fig. 2. The exagonal fuel sub-assemblies are arranged in an annular array of five rounds. The outermost round row is only partially filled by six peripheral couples to reach the total number of 120 fuel sub-assemblies. The active core height is 870 mm with 23.25 % uniform Pu enrichment.

The core is surrounded by a region of three rounds of dummy sub-assemblies, plus the partially filled innermost round row (the complementary sub-assemblies of this round are the peripheral fuel sub-assemblies of the outermost round of the core). The dummies have the same hexagonal cross section as the fuel, but are empty duct structures. 

This design choice allows:

· to create a buffer region, which keeps the fixed internal structures away from the high, fast neutron flux, in order to protect them from suffering excessive radiation damage,

· to mechanically couple the core, through sub-assemblies handling heads with the core radial, outer restraint plate.

It offers

· a continuous fast-to-thermal neutron flux region, useable to fission minor actinides and transmute selected long-lived fission fragments, particularly where the neutron energy corresponds to the resonance absorption of the waste, thus maximising the incineration yield,

· an adequate mass of LBE surrounding the core, to exploit the reflecting capability of LBE for improving neutron economy and flattening the flux profile,

· the flexibility of initially operating the XADS with a proven core and later converting to a core tailored for burning Pu and nuclear waste, after irradiation test results provide sufficient confidence.

The core radial inner restraint is ensured by the Target Unit, the cylindrical shell of which has been designed to fit its inner outline. 

There are no absorber sub-assemblies dispersed in the core during normal operation. There is, however, a set of 12 absorbers, which are kept parked, during operation, at the periphery of the buffer region. At scheduled outages, these absorbers will be moved close to the core by means of the in-vessel handling machine, before extraction of the Target Unit. This allows to compensate for any reactivity insertion brought about by the extraction and to maintain the core at safe shutdown with the sub-criticality required during refuelling (
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). A suitable absorbers management would strategy also allow the possibility to control the excess reactivity at BOL of prospective core designs.
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 at BOL and full power ensures safety over core lifetime in any occurrence, including accident conditions, without control and shutdown rods and taking into account the positive reactivity feedback accompanying core cooling from full power to zero power at 20°C (corresponding to 
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Because the LBE coolant does not require a close-packed pin lattice, the core pressure loss is less than 
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 at full power (for comparison, it is less than one tenth of the pressure loss of sodium-cooled cores ). 

Each fuel sub-assembly contains a 90 pin gridded bundle with fuel rods of 8.5 mm nominal outer diameter and cladding in 9Cr-1Mo ferritic-martensitic, high-chromium alloy steel.

A complete pin has an overall nominal length of 1272 mm comprising an active region of 870 mm.

The lower end of the sub-assembly is terminated by a spike assembly which plugs into the corresponding hole drilled in the forged diagrid plate and machined pintle underneath, a design choice that has replaced the traditional support tube (chandelle in French) as connection between sub-assembly and coolant supply. The spike cell contains the locking device, that is actuated through a rod laid out along the centre line of the sub-assembly. In the hold-down position, three pins, radially spread from the spike, engage with the edge of the pintle and prevent the sub-assembly from lifting.

The sub-assembly is terminated at its upper end by machined tube with expanded, formed ends. One end is welded to the wrapper and is provided with outlet ports in the transition cone. With this design choice, the coolant flows out radially. The tube is machined inside to house the mechanism that drives the locking pins in the spike. The upper end is machined internally as handling head. 
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Fig.2 Section of the ADS core configuration and subassembly numbering.

The bold line highlights the Active Core.



 

Figure 2 - XADS Core cross section

3.1 
The Primary System

The configuration of the primary system is pool-type, similar to the design solution adopted for most sodium-cooled reactors (Fig 1). This concept permits to contain all the primary coolant within the Reactor Vessel, thus eliminating all problems related to the out-of-vessel transport of the primary coolant.

The primary coolant is molten lead-bismuth eutectic, which, apart from the polonium generation by activation, is characterized by good nuclear properties, operating temperatures lower than molten lead alone and compatibility with the organic secondary coolant. The use of low pressure diathermic organic fluid avoids risks of important primary system pressurisation in case of intermediate heat exchanger leakage and the associated risk of polonium escape from the primary system containment.

The relatively low operating temperature of the primary system reduces the evaporation rate of the polonium in the LBE melt. The polonium containment is furthermore ensured by the sophisticated leaktight penetrations developed for the roof of the sodium-cooled fast reactors.

The pool design has important beneficial features, verified by the experience of design and operation of sodium-cooled fast reactors. These include a simple low-temperature boundary containing all primary coolant, the large thermal capacity of the coolant in the primary vessel, a minimum of components and structures operating at the core outlet temperature. Whenever the sodium experience did not appear applicable to the LBE-cooled XADS, however, solutions have been worked out, that, though being innovative in the nuclear field, are not new to the industrial practice. It is the case of the primary coolant circulation as illustrated herebelow.

The primary coolant of the XADS circulates in enhanced natural circulation, and precisely 5/6th of the driving head required to maintain the nominal flowrate at the full power is provided by gas injection into the riser and 1/6th by the thermal density difference between Riser and cold leg inside the IHX (Table 1). This solution combines the high level of reliability required by the Core cooling safety-related function with the advantages of Reactor compactness, operational flexibility, and the lower thermal loading on the structures typical of the forced circulation. Pumping of fluids by gas lifting is a standard practice in the industry, whenever the installation of a mechanical pump is not practical (
). 

The natural drought shall not be underestimated, however, because it ensures the flowrate required to keep the core cooled at shutdown with no gas injection. This natural circulation capability has been made possible by the low pressure loss design of core and IHX. While the natural circulation alone can provide decay heat removal for unlimited time with the reactor at shutdown, with reactor at power, the associated increase of hot collector temperatures can be accepted for a limited time. 

The LBE coolant leaving the core discharges into the hot plenum above and enters the 24 vertical pipes which make up the riser. Reactor cover gas is fed by a compressor via submerged spargers into the bottom part of each riser pipe and generates a LBE-gas mixture two-phase flow that, being lighter than LBE alone in the downcomer by the amount corresponding to the mean void fraction in the riser, creates the additional driving force for the nominal coolant flow rate. 

At the top of the risers, but still underneath the LBE free level, the mixture slows down until LBE reverses its velocity and flows downwards along the annular downcomer where it is cooled by the IHXs. The gas cannot follow the path of the LBE, because buoyancy prevails over entrainment, and separates at the interface with the cover gas plenum, thereby closing the gas loop. 

The IHXs are freely immersed in the Downcomer, without membrane spanning the vessel to separate hot and cold plena (no Redan). The percentage coolant flowrate that flows through the IHXs depends on the relative weight of the cold leg inside the IHX with respect to the corresponding hot leg outside, and precisely it is determined by the equilibrium between the weight difference of the two legs (driving force) and the pressure loss through the IHXs (the friction in the downcomer outside the IHXs is negligible). At steady state and full power, a thermal stratification establishes in the downcomer, with an upper temperature of slightly less than 400 °C (hot pool mixed mean temperature) and an axial gradient to 320 °C at the lower edge of the IHXs shell.

The stratification is brought about by the heat exchange across the IHXs shell, the hot inner vessel and by IHX and inner vessel by-pass flows. In particular, the properly designed by-pass flow recirculating across the inner vessel fulfills the twofold purpose of stabilisation of the thermal stratification and determination of its profile shaped as a gentle transition to the cold plenum temperature, thereby avoiding excessive thermal stresses in the adjacent structures (reactor vessel and inner vessel including the upper core restraint plate).

TABLE  1 - Reactor Operating Parameters(@ Normal Operation)

	Rated Core Power 
	80 MW

	Maximum Power from Spallation 
	3.0 MW

	Nominal Core Inlet Temperature

	300 (C

	Nominal Core Outlet Temperature

	400 (C

	Core Flow (Enhanced Circulation)

	5471 kg/s

	Primary Coolant Flow rate
	5961 kg/s

	Core Pressure Loss
	25.000 Pa

	Total Primary System Pressure Loss
	29.000 Pa

	Argon Injection Flow Rate
	120 N-litres/s

	Argon Injection Pressure (Enhanced Circulation)
	~ 5 x 105 Pa

	Diathermic fluid flowrate (2 loops)
	827 kg/s

	Diathermic fluid temperature at IHXs inlet 
	280C

	Diathermic fluid temperature at IHXs outlet
	320C


3.2
 The Secondary System

The Secondary System has the function to remove heat from the primary coolant and to dissipate it to the external atmosphere. It consists of two independent closed loops, each comprising one circulation pump, two IHXs in parallel and three Air Coolers in series.

The Secondary System employs an organic diathermic fluid, which is a mixture of partially hydrogenated terphenyls. No electricity production has been foreseen for the XADS owing to the modest plant power and to ensure the operating flexibility required to carry out the test campaigns.

The relative low temperature of the LBE of the Primary System allows to operate the secondary loops with a thermal cycle consistent with the choice of a synthetic diathermic fluid as secondary coolant. This organic fluid has a vapour pressure below one bar through the entire operating range, so that the secondary circuits can be operated at a relatively low pressure. In addition, no dangerous chemical reactions take place, in case of leak, either with the lead-bismuth eutectic coolant or the air. 

The diathermic fluid has a heat transfer coefficient lower than water or liquid metals normally used in nuclear industry. Despite this, the overall heat transfer capability attainable with this fluid, when combined with an adequate design of the Intermediate Heat Exchangers, is only slightly lower than in case of use of the lead bismuth eutectic as secondary coolant; it has the advantage of a higher thermal capacity and can be pumped at higher speed, so that the required circulating mass of the diathermic fluid is about 50 times less than in case of use of lead-bismuth eutectic.

The secondary loops control the temperature of the coolant at core inlet at a constant value of 300 °C, by active modulation of heat transport from the IHXs to the Air Coolers situated outside the containment. This function is carried out at all operating conditions.

The curves in Fig. 3 illustrate the thermal cycle (lead bismuth eutectic at core inlet and outlet, diathermic fluid at intermediate heat exchanger inlet and outlet) between zero and full power. It will be noted that the upper temperature of the secondary coolant cycle (320 °C) has been chosen with 25 K margin with respect to the maximum bulk temperature recommended by the suppliers for continuous operation (345 °C).

In both hot and cold legs, 450 mm nominal diameter pipes connect the Intermediate Heat Exchangers with the six Air Coolers, which are equally shaped; the corresponding chimney stacks are arranged in line in the Air Cooler Building.

Each air cooler (AHX) consists of a transverse-fin, 150 U-tubes bundle. The heat rejection rate from any of the air coolers is dependent upon the air flow rate, which is determined by the automatically controlled dampers positioned below the AHX and by the operation of the variable-speed, forced air convection fan. Each Air Cooler is provided with a set of electric heaters installed inside the casing. At startup and with closed isolation dampers, they can heat-up the secondary coolant for the initial thermal conditioning of the IHXs and, if necessary, for primary coolant temperature preservation.
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Figure 3 – XADS Thermal Cycle

3.3 Decay Heat Removal Systems

Following the proton beam trip and, as a result, the termination of the fission reactions, substantial power continues to be generated as decay heat power, that must be removed from the core and from the primary coolant circuit. The decay heat removal (DHR) systems have two separate but related functions, namely

-
To maintain an adequate flow of primary coolant through the core in order to ensure that decay heat is conducted from the fuel to the bulk of the primary coolant.

-
To ensure that the decay heat is removed from the primary coolant and rejected to the ultimate heat sink so as to prevent the primary system structures from reaching temperatures at which their integrity might be compromised. 

The XADS normally relies on the secondary system to remove decay heat. Should both secondary loops be unavailable (this may occur in case of design extension events, formerly called beyond design events) decay heat removal would take place via the Reactor Vessel Air Cooling System (RVACS). 

The RVACS consists basically of an annular pipe bundle of U-pipes arranged in the reactor pit with atmospheric air flowing pipeside in natural circulation, so that the pipe legs connected to the air inlet manifold face the pit wall, whereas the return pipe legs face the reactor guard vessel, Fig. 1. The inlet and return legs are separated by a cylindrical thermal insulation layer, leaktight connected at the top to the boxed outer manifold, in order to prevent heat transfer by convection streams across the two leg rows. By this way, the RVACS can accomplish its normal function of keeping the reactor pit cooled at a temperature compatible with the integrity of the structural concrete, while heat transfer by radiation from the guard vessel remains low. The heated air is then discharged via six chimney stacks. In case of abnormal increase of the guard vessel temperature, heat dissipation by radiation increases with the 4th power of temperature and the pipe-side atmospheric air natural circulation increases accordingly, driven by the natural drought. 

The RVACS is simple, reliable, does not require any valve alignment. It operates on natural draft and is oversized in order to properly operate in case of blockage of a given number of air pipes.

3.4 Fuel Handling

In order to handle the fuel, the Target Unit must be raised above the core level and the Above Core Structure (ACS) rotated by 180° to allow the offset-arm, sub-assembly handling machine to reach the inner rounds of the core. Before removing of the Target Unit, however, the absorbers have to be moved by means of the handling machine, close to the core from their off-core storage positions at the far periphery. 

Fuel charge/discharge into and out of the core is done by means of the handling machine. The sub-assemblies are transferred to and from the Rotor-Lift Machine, which is the reactor load-unload station.

The Rotor-Lift Machine is installed on the Fixed Reactor Roof at a short distance from the Rotating Plug. 

It has two working positions and allows two locations for the sub-assemblies: 

The outer location co-axial with a roof penetration and the handling flask; in this position their handling heads are uncovered.

The inner location nside the area swept off by the Transfer Machine; in this position their handling heads are immersed in the coolant.

The helical displacement of the Rotor-Lift Machine allows the sub-assembly to be transferred between the two locations.

The Fuel Handling and Rotor-Lift Machines are kept permanently in their positions. Their movable parts are retracted when the reactor is at power. 

From the handling flask the irradiated Sub-Assembly (SA) is lowered into the encapsulator and tight-sealed in a canister. The SA-bearing canister is placed in a storage rack immersed in a water pool. At due time, the SA-bearing canister is placed in a cask and dry-stored away.

3.5 
Nuclear Island

The Nuclear Island consists of four buildings, namely a cylindrical Reactor Building (RB), two outer structures contiguous with it, which are the main room and service building (called Auxiliary/Control Building), the structure housing the fuel and active component handling facilities (called Fuel/Component Handling Building) and the Air Coolers Building.

The whole of the Nuclear Island ( Fig. 4) lies on a single foundation consisting of upper reinforced concrete basemat and lower basemat separated by seismic support pads.

The NI Buildings are seismic category I and aircraft crash (ACC) protected (walls and roof 1.3 or 1.5 m thick), except the Air Coolers Building that is seismic category II, non safety class structure and not designed against ACC.

The RB has a diameter of 33 m and is about 47.5 m high (from elevation -14.5m to elevation 33 m), with the Reactor Pit extending 14.5 m below grade.

The RB includes the Reactor Containment and houses important systems, such as:

· The primary system and its auxiliaries.

· Part of the secondary cooling system.

· Storage pits for irradiated and new fuel sub-assemblies,

· Handling equipment for fuel transfer to the fuel building

· A part of the Proton Beam Transport System.

The Auxiliary/Control Building houses electrical equipment, environmental control equipment (HVAC), gas fire extinguishing equipment, main and emergency control rooms.

The Fuel/Component Handling Building is separated in two parts: one dedicated to handling, control, maintenance, and storage of the components, and the other dedicated to fresh/spent fuel control, handling, and storage. 

The Nuclear Island complex is completed by the Air Coolers Building. It houses the six Secondary Coolant System Air Coolers and the associated piping, pumps, and ancillary equipment.

Over the roof, six chimneys with silencers emerge from the building, arranged in line and grouped three by three, each triplet belonging to one secondary loop. The chimneys extend up to 42 m elevation and terminate about 9 m above the top of the reactor building.
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Figure 4 -
Nuclear Island

Due to the reactor vessel height, the large dead weight when full of lead-bismuth and the large free surface of the molten coolant, seismic loading and sloshing may become very important. For this reason a seismic isolation system has been installed, aimed at decoupling the structure from the soil vibrations in horizontal direction. A scoping analysis has then been performed by the response spectra method, using the design basis earthquake ground motion spectra from Ref.[4].

The isolators, around 250, are located between the lower and the upper basemat and support the whole NI. The isolators are of the High Damping Rubber Bearing (HDRB) type, made of alternate horizontal layers of rubber and vulcanised reinforcing steel plates.

The isolation moves the fundamental frequency of the isolated NI structure into the range of the low frequencies (where the spectral accelerations are lower) and, in case of earthquake, produces a large energy dissipation. Due to damping properties, deformations and energy dissipation are practically concentrated in the isolation system.

The first horizontal frequency of the NI moves from 3.9 Hz (without isolators) to 0.6 Hz (with isolators).

The accelerations of the floor response spectra decrease accordingly. For example, at the Reactor Vessel (RV) supports, the maximum horizontal acceleration decreases several times. At 3% damping, its value becomes 0.19 g at 0.6 Hz instead of 2.2 g at 8 Hz. Being the isolation horizontal only, the vertical acceleration remains unchanged. 

Characteristics of this isolation system are proven good self-centring capability (the isolated structure recovers its position after an earthquake), relatively limited cost, system simplicity, lifetime expectation over 60 years.

4 
Summary and Conclusion

The XADS is a simplified facility designed for demonstrating basic aspects of the ADS such as the operability of a sub-critical reactor driven by the accelerator. 

With the appropriate selection of main operational parameters such as low coolant temperature and speed, low core power density and proven fuel, and with generated power rejected to the atmosphere, the XADS can be engineered on the basis of a mid-term R&D programme. 

The selection of the LBE coolant operating at low temperature, instead of pure lead, is consistent with the choice of an organic diathermic coolant for the secondary system which is possible, in turn, because of the choice of no electric energy generation. All this allows to design a simple reactor configuration tailored to test the basic ADS operating principles, even if the power generating ADS would require to replace the secondary system with the water steam cycle.

The performed safety analyses presented in a separate paper have shown that, by virtue both of design choices and of engineered protective actions, there are no abnormal or accident events that cause the consequential loss of the first two physical barriers: the fuel rods cladding and the primary system boundary. 

The feedback from the operation of the XADS and the answers provided by the long-term R&D programme will be the base, in turn, for the development of the lead-cooled generating power ADS series.
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(�)	A simulation of the gas lifting process with air and water has been carried out in early 1998 by means of a test rig installed in the Ansaldo own test facility, in Genova. The test results have been used for a preliminary estimate of the gas flowrate capable to generate the required pressure differential between Riser and Downcomer in iso-thermal flow. Tests performed by Solmecs (Israel) by means of the Etgar 3 loop [3  ] confirm the Ansaldo assumptions 
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Fig per Cinotti
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Equazioni

		Ref.		Per le equazioni si veda: ADS 1 RIVX 0274 pg 25 § 9.2

		Hot Shutdown Temperature				300		°C

		P/Pn		Secondary hot leg		Secondary cold leg		Primary cold leg		Primary hot leg		Air outlet		Air inlet

		0		300		300		300		300		300.0		33

		0.1		302		298		300		310		291.0		33

		0.2		304		296		300		320		279.0		33

		0.3		306		294		300		330		263.0		33

		0.4		308		292		300		340		243.0		33

		0.5		310		290		300		350		222.5		33

		0.55		311		289		300		355		212.3		33

		0.6		312		288		300		360		202.0		33

		0.65		313		287		300		365		193.0		33

		0.7		314		286		300		370		184.0		33

		0.75		315		285		300		375		175.0		33

		0.8		316		284		300		380		166.4		33

		0.85		317		283		300		385		157.8		33

		0.9		318		282		300		390		149.2		33

		0.95		319		281		300		395		140.6		33

		1		320		280		300		400		132.0		33
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