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Abstract. The French 600 MWe Advanced Sodium TechnologicahdRe for Industrial Demonstration
(ASTRID) project reached in 2015 the end of its Gaptual Design phase. The core design studieseing b
conducted by the CEA with support from AREVA and EEDnnovative design choices for the core have been
made to comply with the GEN IV reactor objectivemrking a break with the former Phénix and Supenihé
Sodium Fast Reactors. The CFV core of ASTRID dernates an intrinsically safe behaviour with a nagat
sodium void worth achieved thanks to a new fuelasfembly design. This one comprises (U,Bad UQ
axially heterogeneous fuel pins, a large claddiagsys small spacer wire bundle, a sodium plenumeakize

fuel pins, and an upper neutron shielding with athiched and natural boron carbide. The uppetdhgalso
maintains a low secondary sodium activity level @dhade removable on-line through the sub-asse iyl

for washing compatibility. Calculations have beenfprmed to increase the stiffness of the stampeades pads

in order to analyse its effect on the core mectaniehaviour during hypothetical radial core contioac
events. Concerning the radial shielding sub-assessurrounding the fuel core, heavy iterative istsidhave
been performed in order to fulfill ASTRID requirente of minimising the secondary sodium activitydeand
maximising the in-core life-time. Evaluated optiomere reflectors sub-assemblies made of steel dD kgls,
and radial neutron shielding sub-assemblies mad&,©for borated steel, with different configurationstihe
design and in the core layout. This paper desctiesiesign of the fuel and radial shielding suteatlies for

the ASTRID CFV v4 core at the end of the Concepidasign phase. Focus is placed on innovations and
specificities in the design compared with formesriah SFRs.

Key Words: ASTRID, fuel, radial shielding, reflector, subsamblies.

1. Introduction

The conceptual design phase (AVP2) for the ASTRI&tqiype reached its end in 2015 [1].
The aim of the past five years (2013-2015) of sisdvas to propose a consistent, innovative
preliminary design to fulfil ASTRID requirementdhe core design studies are being
conducted by the CEA with support from AREVA and EEDnnovative design choices for
the core have been made to comply with the GENelattor objectives, thereby marking a
break with the former Phénix and SuperPhénix Fr&uaiium Fast Reactors.

The main objective to improve safety levels comgawéh current GEN Il or Il reactors has
led to a core design that shows intrinsically ssdkaviour in transients of accident situations.
A negative or null sodium void worth can be obtdifgy using a heterogeneous core (CFV).
Other challenging objectives such as minimising #ezondary sodium activity level,
preventing reactivity insertions due to core contipacand applying cost-kiling measures
have led to rather new sub-assemblies designs cethpath former SFRs.

This paper describes the design of the fuel andalrashielding sub-assemblies for the
ASTRID CFV v4 core at the end of the Conceptuali@ephase with focus on innovations,
specificities and studies performed to optimisegbdgormances.
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2. CFV Core

The CFV v4 core architecture [2] consists of 18@einfuel sub-assemblies and 108 outer fuel
sub-assemblies, surrounded by 3 rows of reflecttr-assemblies with MgO, 3 rows of
shielding sub-assemblies with@& 3 rows of shielding sub-assemblies with MgO, and
another 2 rows of shielding sub-assemblies wii€.BThe lateral reflector and shielding
arrangement was optimised to provide enhanced|radi#ron absorption (see Section 4).
The core’s absorber device relies on an innovatarehitecture composed of 9
control/shutdown rods and 9 diverse control/shutdeoads, which are used both to manage
core reactivity during the cycle, and to shut ddwa reactor. The other main characteristics
of the ASTRID core include the integration of Coempkentary Safety Devices for severe
accident prevention and mitigation, and an intestalage and debugging positions in the
radial shielding area.

3. Design of Fuel Sub-Assemblies

Although the overall design of the ASTRID fuel Si#ainly relies on feedback from French
SFRs Phénix and SuperPhénix, the CFV core conoeplvies some appreciable differences:
axially heterogeneous fuel pins with a thick intdrfertile plate for the inner core, longer
fissile zone for the outer core, large claddingMm@acer wire fuel bundle, sodium plenum
above the fissile area, enrichegldBzone at the bottom of upper neutron shielding.

A schematic diagram of the CFV v4 fuel S/A is givarFIG. 1. The main parts are detailed
in the following paragraphs.

4500

3785 o 715

E
’L\ifting head Wrapper tube (hexcan) % Spike
E
Removable upper Plenum Fuel pins bundle Pressure
neutron shielding drop device

FIG. 1. ASTRID CFV v4 fuel sub-assembly.

The fuel S/A height is 4.50 m. It has been reduogd.9 m compared with SuperPhénix
(5.40 m) thanks to removal of the upper axial b&nksed in former SFRs, coupled with the
choice of a compact pressure drop device.

3.1. Fud Pins

One major innovation that has helped reducing tre’s sodium void effect by about 5% [3]
compared with previous reactors is the wide fuelgmall wire concept. The ASTRID design
consists of 217 fuel pins in each S/A with a 9.7@ wuter diameter separated by a 1 mm-
diameter spacer wire helically wound around thes pirhe pin’s lower plugs are mounted on
the rails of a stainless-steel single-part gridoton a bundle that is vertically held within the
hexagonal wrapper tube.

The inner and outer core fuels pins differ slighdlytheir composition and their lengthl G.
2). The CFV core is characterised by axially hetermpus fuel pins, with a UQertile zone
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inside the (U,Pu)®fissile area for the inner fuel sub-assemblied0Acm-longer fissile zone
for the outer fuel sub-assemblies provides a glasgimmetrical, crucible-shaped core. Fuel
pins in the core are provided with a lower fertibgal blanket of 30 cm. Fissile pellets have a
central hole to improve margins with respect to filled melting temperature, while fertile
pellets are solid to increase the breeding gaimedoice the loss of reactivity and to make it
possible to be differentiated from fissile pellets.

Inner core fuel pin

Upper | 80 Lower Quter core fuel pin
plug Fissile zones Spacer plenum

Spring Ihner ferti;le Lower axial Lower§ Fissile zone Lower axial

. zone | blanket | plug | | blanket |

20 30 : : 1
| 2> <L < % JREUN
< 213 N i 223

&

FIG. 2. Fuel pins composition (dimensionsin cm).

In nominal conditions, the end-of-life pressure tine pins reaches about 40 bars.
Thermomechanical analysis based on finite-elementpatations of the fuel pins during
irradiation have started with the CEA code calldeRMINAL V2 [4] within the PLEIADES
fuel simulation platform [5]. Fuel melting probabylhas also been evaluated with a statistical
approach taking into account uncertainties on ny@anameters such as pellet geometry and
dimensions, irradiation conditions, materials bebaw laws [6]. The reference cladding
material for ASTRID is composed of special 15%C#%MNi austenitic steel — called AIM1
[7] — which was tested up to high dose rates imbBhé

3.2. Wrapper Tube and Spacer Pads

The closed leaktight hexagonal wrapper tube (hexisamade of EM10 steel which has been
extensively tested in Phénix. This martensitic 9%@Mo steel exhibits excellent
dimensional stability under irradiation [7]. A redodose of 155 dpa was reached on the
EM10 hexcan during the BOITIX-9 experiment in Pxéflihe external and internal widths of
the ASTRID hexcan are respectively 168.7 mm andSL61m.

To ensure suitable clearance between the sub-absenmbthe core, a rectangular spacer pad
is stamped through each side of the hexcan justeabte fuel pins. This pad design was
originally used in Phénix and SuperPhénix. Not adythe pads play a central role in the
mechanical equilibrium of the core, they also ewleasafety by preventing reactivity
increases due to a core compaction that followswaefing, which may occur when core is
subjected to dynamic stresses such as earthquakteoral pulse load release. Following the
safety requirements for ASTRID wherein core comipactnust be minimised, studies have
been engaged to analyse the effect of a pad dfffecrease on the core mechanical
behaviour. Finite element calculations [8] to irage the stiffness of the stamped pads have
been done using the LICOS code [9] based on theTGMSsolver within the PLEIADES
fuel simulation platform [5]. They showed that paifness could be increased by a maximal
ratio of ~7 compared with the previous design.

3.3. Upper Neutron Shielding

3.3.1. ASTRID Requirements
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The CFV core’s requirement for ASTRID makes it irepible to reuse the upper neutron
shielding designs of Phénix and SuperPhénix. Indéleel new requirement specifies a
negative sodium void worth. For this reason, th#dmo of upper neutron shielding, located
just above the sodium plenum, should reflect nastras little as possible. This required
choosing the best neutron absorber — boron carligieé) — which benefits from extensive
feedback since it has been used in SFR absorbsr @mie studies [10] concluded that the
optimum design for reaching the CFV effect wouldabewer part made of 7.5 cm-thick®@
enriched to 90% B for enhanced absorption, together with the srailiteel structure
thickness to minimise neutrons reflection.

The second main function assigned to the upperowghielding is obviously to provide

proper axial neutron shielding to minimise damagere¢actor internals and reduce the
activation of surrounding Na circuits. ASTRID caigielding studies finally led to the choice
of natural BC (19.78% of°B) as material in the top part the upper neutraelgimg.

3.3.2. Upper Neutron Shielding Design

After selection of BC as absorber in the upper neutron shielding, thera&omplex part of
the task consisted in proposing a design compatiiftle the design criteria and operational
constraints. The axially heterogeneous fuel pirigde a maximal flux shifted towards the
top of the sub-assemblies compared with former SHRs means that the,8-enriched
zone is subjected to a higher flux (3.0E+14 ri/sjnwhich produces a large volume of helium
and dissipates a great deal of power due to theoreoapture reactions. The latter aspect led
to the choice of BC in the form of a 19-pin bundle to meet the maxitemperature criterion,
together with a Na-bond to take advantage of tigla bthermal conductivity of sodium. Non-
leaktight pins design also provided a solutionh® problem of significant helium production
by avoiding any excessive pressurisation.

But Na-bonded pins maybe raised the most importauie that needed to be resolved. It is
well-known that the sodium inside pins cannot dallp removed after draining, because of
the partially plugging of the microporous ventst ¥es non-negligible amount of Na trapped
inside the pins engenders unacceptable safetydisksg the fuel S/A washing or underwater
storage due to possible uncontrolled sodium-waactions The solution to this problem was
found following a brainstorming and value enginegmprocess [11]: the whole upper neutron
shielding would be made removable on-line throdgh3/A head just before washing.

The main difficulty was then to find a design whiehables the upper shielding extraction
and that maximizes the,8 volume. The removable upper neutron shieldingsist® of a
14.5 cm-diameter and 94 cm-long cylinderG. 3).

S/A lifting  Extracting

i i Stopping fins
head head Flow equalizers Absorber pins pping

/ /

Movable part Fingers Removable upper neutron shielding Wrapper tube

FIG. 3. Removable upper neutron shielding inside the SA (section view).

The top part of upper neutron shielding is the aoting head. The upward axial locking is
ensured by three lateral fingers spread out inaidgoove in the S/A head and maintained
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thanks to the weight of a movable part. These fimgee withdrawn by the upward movement
of the movable part thanks to a specific grapnet &nown), allowing the upper shielding to
be extracted in the washing pit through the S/Adhélhe lower part, in its first design,
comprises the 19-pin bundle equipped with flow digaes. From bottom to top inside the
pins, there are 7.5 cm of;8 enriched to 90% if’B, 69.5 cm of natural &, and an upper
plenum comprising a spring.

3.3.3. Thermal-Hydraulic CFD Computations

Preliminary thermal-hydraulic calculations on thestf design FIG. 3) were performed to
evaluate the pressure drop and to characterisestiottum flow fields (velocity and
temperature) above the S/A outlet at the core rmong system level (thermocouples and
flowmeter). CFD STAR-CCM+ simulations showed a hegeneous flow in temperature
with a gradient of 13°C between the center andoth@hery in the monitoring section plane.
The velocity field showed that the flow was distnlas it passed through the extracting head
of the upper shielding. Several separated flowseveeeated which would alter the measure
by the flowmeter. The total pressure drop in thgper shielding was ~0.6 bar.

A second design was then defined and evaluateshdived a more symmetrical and flat
response in temperature with a gradient of ~5°Qvéen the center and the periphery. The
velocity field was much more homogeneous and aabdpiFIG. 4). The total pressure drop
in the upper shielding has been decreased to €0.3 b

Extracting head S/A head Monitoring
(upper shielding outlet) outlet system

Velocity (m/s) Temperature (C)
2.0000 3.0000 4.0000 5.0000 540 545 550 555 560 565

e
Na velocity field Na temperature field

FIG. 4. CFD computations at the S/A outlet (second design).
3.4. Lifting Head

The objective of maximising the;8 volume in the removable upper neutron shieldatytb

an increase in the S/A head inner diameter (15tbmough which it is extracted. The S/A
lifting head is a ~1 meter-long single part madét8l 316L stainless steel. The top part of
the head is cylindrical and comprises an intermabge for S/A lifting using the handling
grapnel. To prevent handling errors, a bar codengraved on the edge of the head for sub-
assembly identification by under-sodium ultrasaeiadings. The bottom part of the head has
an outer hexagonal section while retaining therimmyéndrical section. The hexagonal part of
the head is inserted inside the wrapper tube am8itiding is made by cold stamping.

3.5. Spike

All core sub-assemblies are supported verticallthwhe spike inserted in the shroud tubes
provided in the grid plate. The shroud tubes cosgprnultiple holes to allow cold sodium
from the grid plate to flow into the spike througiblong slotsEIG. 5).



6 |AEA-CN-245-128

Two helicoid labyrinths are provided on the spikighva reduced gap with the shroud tube.
The function of the top labyrinth is to control tleakage flow of cold sodium into the hot
pool in the interspace between S/A. The functiorthaf bottom labyrinth is to ensure the
minimum flow required for main vessel cooling. Is@ prevents the S/A from hydraulic
lifting or floating by generating a hold-down forow/ing to the pressure drop developed here.

Top labyrinth Self-orientation cams

Coolant entry slots

Selt-orientation
cams

Bottom
labyrinth j

Discriminator

Lock Ramps

Sphere-cone
bearing surface

Grooves

I
i
i
I
i
i
[
[
[
[
[
[
[
[
[

Shroud tube side S/A spike

FIG. 5. Spike. FIG. 6. Discriminatory and self-orientation
features.

A compact pressure drop device is provided in thigesto achieve the required flow rate
through the S/AKIG. 1). This device consists of multiple aligned or ses$ honeycomb
orifice plates, within a total length of less thEmcm.

Additional protection against handling errors dgrimefueling is provided thanks to
discriminatory features located at the end of thiges(FIG. 6). Those discriminators have a
specific design for each flow zone in the core.yTheevent a fuel S/A from being completely
lowered into the wrong position in the core. A nibydor ASTRID is that self-orientation
devices are provided in parallel to the discrimonadtt the end of the spike. It consists of two
cams on the spike to be inserted into vertical gesan the shroud tubes. The top of each
groove is provided with conical ramps to rectifg tingular mis-orientation when refueling.

4. Design of Radial Shielding Sub-Assemblies

In this section, the design studies on radial dimgl sub-assemblies performed during the last
five years to fulfill ASTRID requirement on the sexlary sodium activity level are
summarized [12].

4.1. Requirements

Fast neutron reactor cores are necessarily sureaury thick shielding structures to
minimise damage to reactor internals and activatibsurrounding circuits. In the case of
pool-type reactors, an important design issueasatttivation of the secondary sodium in the
Intermediate Heat eXchangers (IHX) which must Imeited to an appropriate level. More
specifically, these radial shields have to redineproduction of’Na by activation of*Na
which is the main contributor to external exposiwses.

The specification for ASTRID is &Na activity level below 20 Bg/chin the secondary
sodium circuits. This value is equivalent to a mawin surface dose rate of 7.5 uSv/h at the
contact of Na circuits thus ensuring that the ASIYRiteam generator building remains
classified as a non-controlled area. To take soraggims regarding the uncertainties, the
target value fof*Na activity level in simulations has been setb0 Bg/cni. Regarding the
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internal structures, the neutron damage must bigelinto 1 dpa over the reactor life-time (60
years) to remain compliant with design and consmaaccodes.

To summarize, radial shielding sub-assemblies meistesigned to limit neutron flux at IHXs
locations to an acceptable value consistent with gsbacondary sodium activity criterion.
Different configurations in the core layout andlie radial S/A design have been considered
since the beginning of the project; those are desdrin the following sections.

4.2. First Configuration

Initial design choices made at the beginning of A&TRID project were based on former
French SFRs feedback. During the pre-conceptuagjlgthase (AVP1), the radial shielding
of the CFV core designs v1 (version 1) and v2 wamposed of 3 rows of reflectors S/A
made of stainless-steel and 4 rows of neutron dihglS/A made of boron carbide 4B).
Steel S/A were formerly used as reflectors andatatields in PX and SPX1. SPX2 and EFR
projects also considered reflectors made of shelstudied radial shielding made of(B

The reflectors S/A for ASTRID CFV v1 core are madé-M10 steel arranged in a bundle of
19 rods separated by a helical spacer wire. Theaag life-time, defined with respect to the
dose criteria, was 24 years for the first row dlieetors S/A and 60 years for the other rows.

The radial neutron shielding S/A comprise a buradl&7 pins filled with natural BC. The
B,4C pins are leaktight as a preliminary design. Tékum produced due the neutron capture
reactions leads to a pressure of 150 bars insalpitis over 20 years. The pins were designed
with an upper and a lower plenum of 50 cm each.

Neutron transport simulations have been perforrhadks to MCNP Monte-Carlo code for
the CFV vl core with a modelisation of the aboveecstructure (ACS) lower plate, the
diagrid and one IHX. The secondary sodium actiwigs calculated at ~1400 Bg/€mwhich
was significantly above the target value (10 Bd)crBimulations showed that 60% of this
activity level was due to radial neutron leakage@s% was due to lower axial neutron
leakages while only 5% was due to upper axial meueakages. These results demonstrated
the need to optimize the radial and lower shielfithe core. Those parametric studies are
described in the following section.

4.3. Parametric Studies

Preliminary simulations showed that lower axialkeges in the radial S/A area contributed
for 1/3 in the secondary sodium activation. Thiswaputed to the presence of lower plenum
inside the BC pins of radial S/A. Further optimisations shotklds consist in minimising the
plenums height. In the radial direction, where rauieakages are preponderant, a thickness
of about 2 m remains available from the core boontathe diagrid outer periphery. Within
such a distance four additional rows of radial 88#ve been implemented without impact on
the vessel size.

Parametric and iterative studies have been perfbrimedentify an acceptable configuration
[12]. Regarding materials provided in the radidb-sissemblies, many candidates have been
evaluated to fulfill the different functions (reffion, moderation or absorption): SiC, MgO,
MgAl,Os, *'B4C, BC (*°B enriched or not), vanadium alloy, Hf, 8, or borated steel.
Besides neutron performances of each configuratmher criteria were consequently
evaluated: behaviour under irradiation, life dwatichemical compatibility, safety, maturity
levels, availability, washing and manufacturingaaipty, qualification needs.
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B4C is obviously the best neutron absorber and bmsn&bm a large feedback in SFR.
Despite an efficient reflector-moderator effé¢B,C and H'B, have been finally excluded
due to prohibitive manufacturing costs regarding émrichment in’B. Hafnium has been
excluded due to a possible large-scale limited lalbgity. Moderation hydride compounds
(YH2) have been excluded for safety consideration @oyein risk in accidental conditions).

The reflector function is only required in the m@diirection at the fissile core boundary. For
this purpose SiC, MgO and MgA); appeared as the best candidates and benefited from
R&D done at CEA. Regarding the manufacturing anst;dMgO was finally preselected as
the reflector S/A material in the first rows just®unding the fissile core.

For the remaining regions, which are radially behime MgO reflectors S/A, a large number
of configurations have been calculated with theneaaic objective of limiting the amount of
B4C — especially enriched B — as much as possible. Providing the suppressiampper
and lower plenums in the radial S/A to reduce aeakages, MCNP calculations showed that
the alternation of moderation and absorption zgwesided satisfactory attenuation factors.
Good results were obtained with successive altemsatof 3 rows of MgO and 3 rows of
natural BC. Calculations exhibited that radial neutron legdsawere largely reduced but the
secondary sodium activity reached ~70 Bdficwhich represent a reduction by a factor 20
compared to first design, but was still signifidgratbove the target value.

Since increasing the distance between the coreérentHXs was not an option regarding the

vessel size, it has been proposed to implementrorewhields on the IHXs. Reactor and

equipment designers proposed solutions to impler2grib 50 mm-thick borated steel plates
— grade 304B7 with 2% natural boron — to envelapupper and the lower zones of the heat
exchangers. MCNP calculations demonstrated thatiKeshielding decreased the secondary
sodium activity by a factor ~10 which permittedréach the objective of < 10 Bg/ém

4.4. Second Configuration

Parametric studies on radial S/A materials andhgement finally led to a core layout based
on successive alternation of MgO angCBsub-assemblies providing enhanced radial neutron
absorption, as described in section 2 for the CB\Awd v4 core architectures.

The reflectors S/A in CFV v4 core comprise a burafld9 pins filled with MgO pellets at
96% relative density. The cladding, made of AlMéedt has an outer diameter of 33.6 mm
and a thickness of 1 mm. Pins are separated bynanaliameter helical wire. The surface
fraction of MgO is 52% inside the bundle. As MgQGedmot produce gas under irradiation,
pins are leaktight and filled with helium at atmbspc pressure. The other parts of the
reflector S/A, such as the wrapper tube, the bftmead and the spike, are similar to those of
fuel S/A. Due to the high loading radial gradientthe first row adjacent to the fuel S/A,
several management scenarios — to be undertak@rgduel reloading periods — have been
studied to increase the reflectors life-time byifing the damage on the cladding and the
bowing of the hexagonal duct. Some of them, coingjsh turning S/A of first row by 180
degrees and/or permuting S/A between different ymaa increase the lifetime between 10
and 30 years for the first row, and up to 60 ydarsthe other rows. Preliminary thermal-
hydraulic calculation have been performed with 81 BAR-CCM+ CFD code to verify the
need of feeding the reflectors S/A with cold sodiutrhas been found out that the first row
would require a sodium flow of ~0.6 kg/s to respetrmal criteria on claddings, while the
others rows could be cooled by natural convection.

The radial shielding S/A in CFV v4 core compriskeuadle of 19 pins filled with natural,B
pellets. Parametric studies showed that neutrokaggs could be reduced thanks to the
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suppression of upper and lower plenums in the r&fi&. For this purpose £ pins were
made non-leaktight, thus avoiding any excessivesgugzation — by allowing produced
helium to be continuously released out of the pané taking advantage of the high thermal
conductivity in the sodium bond. The height of By column is increased to ~3.3 m with
this design, which is one meter more than for tlevipus CFV v2 leaktight-pin design.

Considering the above described radial shielding &hd providing that the IHXs are
shielded with borated steel sleev&¥ya activity in the secondary loops was calculaied t
~7.7 Bg/cnd (best estimate) without an internal storage indbie, and ~9 Bg/cfrwith an
internal storage.

These results are compliant with the ASTRID speatfon but two issues have been raised
concerning the radial shielding S/A composed oftdaded BC pins. As for upper neutron
shielding of fuel S/A (see section 3.3), it is adesed that Na-bonded pins are not washable
due to risks of sodium-water reactions. Moreovgpeeimental feedback in Phénix for Na-
bonded pins is limited to ~2 years, due to carlatios of cladding and shroud, which is far
from minimum target lifetime of 20 years for the3& in ASTRID.

Regarding these issues, the Conceptual Design @masel in 2015 with the observation that
the radial shielding S/A design for CFV v4 core wead acceptable. Additional studies are
being pursued during Basic Design phase to makisstieahe leaktight-BC-pins design.
Two options currently under evaluation are baseckitimer leaktight BC rings or borated
steel shielding S/A behind 5 rows of reflectors SPkeliminary results are acceptable and
some ways of optimization have been identified.

5. Conclusion

The design of the fuel and radial shielding suteadsies for the ASTRID CFV v4 core at
the end of the Conceptual Design phase (AVP2) seriiged. Innovative design choices have
been made to meet the ASTRID project requirememixking a break with the former
Phénix and SuperPhénix French SFRs.

Fuel sub-assemblies ensure a low sodium void w@§@RV core) thanks to axially
heterogeneous fuel pins, a wide cladding/small epadre bundle, a sodium plenum above
the fuel pins, and upper neutron shielding wig€Bodium-bonded pins. The upper neutron
shielding will help to reach a low secondary sodiactivity level and will be made
removable on-line through the assembly head so aget washing constraints. Studies have
been performed to increase the stiffness of thestd spacer pads on the wrapper tube in
order to analyse its effect on the core mecharealviour during hypothetical radial core
flowering and compaction events.

Since the beginning of ASTRID project, various eefbrs and radial shielding S/A designs
(steel, MgO, BC pins with helium or sodium bond) have been euvallian different core
layouts through many iterative studies. A strictueaanalysis process considering various
criteria has been followed. ASTRID specificationr f6Na activity in secondary loops
(10 Bg/cnt best estimate) now appears to be reachable. Sayaf optimization have been
identified and are being studied during the Basesibn phase that has just started. This phase
will also focus on consolidation of main design icles, performance levels confirmation,
design optimization, as well as the start of qiedifon programme.
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7. Nomenclature

ASTRID Advanced Sodium Technological Reactor fatustrial Demonstration
AVP1/2 Conceptual design phase #1/2

CFD
CFV
dpa
EFR
IHX
PX
S/IA
SFR
SPX

Computational Fluid Dynamics
Low void worth core
displacement per atom
European Fast Reactor
Intermediate Heat Exchanger
Phénix reactor
Sub-Assembly(ies)

Sodium Fast Reactor
SuperPhénix reactor
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