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ABSTRACT

The French 600 MWe Advanced Sodium Technologicald®e for Industrial Demonstration (ASTRID) project
has reached the end of its Conceptual Design phasecore design studies are being conducted bg E#e
with support from AREVA and EDF. Innovative desigfmices for the core have been made to complythih
GEN |V reactor objectives, marking a break with themer Phénix and SuperPhénix Sodium Fast Reactors
The main objective to improve safety compared wittrent GEN Il or 1l reactors led to a core desipat
demonstrates intrinsically safe behaviour. A negasiodium void worth is achieved thanks to a nesV $ub-
assembly design including (U,Py)@nd UQ axially heterogeneous fuel pins, a large claddimgil spacer wire
bundle, a sodium plenum above the fuel pins, ametupeutron shielding with both enriched and natooaon
carbide (BC) which also maintain a low secondary sodium #&gtlevel. As these Na-bonded,® pins can lead
to the retention of unacceptable amounts of sodibenwhole upper neutron shielding has been madewvable
on-line through the sub-assembly head just befeeMashing operations. Finite elements calculatiave
been performed to increase the stiffness of thepsta spacer pads in order to analyse its effett®core
mechanical behaviour during hypothetical radiakdbswering and compaction events. More generally,
design choices for ASTRID have been made with #renpnent objective of minimising the sub-assembly
height to decrease the overall costs of the bo#lactor and the fuel cycle.

This paper describes the fuel sub-assembly desigihé ASTRID CFV v4 core at the end of the Congapt
Design phase (AVP2). Focus is placed on innovatinbspecificities in the design compared with ferm
French SFRs.
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1. Introduction

The French 600 MWe sodium-cooled fast reactor detnator called ASTRID has just reached the end of
its Conceptual Design phase (AVP2). The aim ofpthst three years (2013-2015) of studies was togs®p
consistent, innovative preliminary desigto(ault et al., 200)5The core design studies are being conducted by
the CEA with support from AREVA and EDF. Innovatigesign choices for the core have been made tolgomp
with the GEN IV reactor objectives, thereby markanfgreak with the former Phénix and SuperPhénirdfre
Sodium Fast Reactors.

The main objective to improve safety levels comgawéh current GEN Il or Ill reactors has led tae@e
design that shows intrinsically safe behaviouramsients of accident situations. A negative ol smdlium void
worth can be obtained by using a heterogeneous(€6). Other challenging objectives such as mising
the secondary sodium activity level, preventingtieéty insertions due to core compaction and ajmg\cost-
killing measures have led to a rather new fuel assembly design compared with former SFRs.

This paper describes the design of the fuel subralsly (S/A) for the ASTRID CFV v4 core (versionat)
the end of the Conceptual Design phase with foousimovations and specificities.



2. CFV Core

The layout of the CFV v4 core remains the samé&@s3 core previously described\ienard et al., 2015
The major changes integrated into v4 concern s@eeific details of the sub-assembly design, with no
significant impact on the core performance levels.

The CFV v4 core architecture consists of 180 irffnel sub-assemblies and 108 outer fuel sub-assesbli
surrounded by 3 rows of reflector sub-assembli¢ls MigO, 3 rows of shielding sub-assemblies witiCB3
rows of shielding sub-assemblies with MgO, and lagio? rows of shielding sub-assemblies witiCBThe
lateral reflector and shielding arrangement wagipéd to provide enhanced radial neutron absamptio
(Chapoutier et al., 20)5The core’s absorber device relies on an innegaichitecture composed of 9
control/shutdown rods and 9 diverse control/shutdosds (Guénot-Delahaie et al., 201 3vhich are used both
to manage core reactivity during the cycle, anshiat down the reactor. The other main charactesisti the
ASTRID core include the integration of Complemeypt8afety Devices (CSD) for severe accident prewenti
(Guénot-Delahaie et al., 20)l&nd mitigation, and an internal storage and dgimggpositions in the lateral
shielding area.

The safety and performance goalsi(aine et al., 20J)Zassigned to the CFV core can be summarised by:

e Intrinsically safe behaviour, possibly supplemerigdCSD during Unprotected Loss-Of-Flow (ULOF)

transients and unprotected Control Rod Withdra@&\W/) events.
* Negative sodium void worth (CFV core).
» Search for the best performance in terms of fuehtyp and S/A residence times.

The core is managed on the basis of 4 batchesb$fib-assemblies. The objective fuel residence iEm
1440 EFPD and the equilibrium cycle length is 36WPE. The fuel S/A positions are divided into 5 eliéint
flow zones to get a flat temperature distributibhe sodium flow rate required through each zongjing
between 22.5 and 26.7 kg/s, is calculated accotditige fission heat generation and design critgr& nominal
cladding temperature lower than 620°C (best est@jratd an outlet temperature dispersion between two
neighbouring sub-assemblies lower than 50°C. Thalevbore pressure drop is close to 3 bars.

3. Overview of the fuel sub-assembly

Although the overall design of the ASTRID fuel St#ainly relies on feedback from French SFRs Phénix
and SuperPhénix, the CFV core concept involves sappeeciable difference¥éraine et al., 2012

« Axially heterogeneous fuel pins with a thick intakfertile plate for the inner core.

« Longer fissile zone for the outer core.

e Large cladding/small spacer wire fuel bundle.

e Sodium plenum (30 to 40 cm) above the fissile area.

« Enriched BC zone at the bottom of upper neutron shieldinge Buwashing considerations, this

component is made removable through the S/A head.

A schematic diagram of the CFV v4 fuel S/A is giveririg. 1. The main parts are detailed in theoiwihg
paragraphs.
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Fig. 1. ASTRID CFV v4 fuel subassembly.

Cost-killing processes performed at the end ofpttegect’s pre-conceptual design phase (AVRI)gnaud
et al., 2013 confirmed the objective of minimising the S/A ¢llef to decrease the overall costs of the reacidr an
the fuel cycle. A core height reduction of abot® t was possible for ASTRID thanks to removal &f tipper
axial blanket used in former SFRs, coupled withdheice of a compact pressure drop device makipgssible
to shorten the spike by another 0.4 m. This reduttea total S/A height of 4.50 m which has beatuped by
0.9 m compared with SuperPhénix (5.40 m), and wisigtot much higher than Phénix S/A (4.30 m).

4, Detailed description
4.1. Fuel Pins

One major innovation that has helped reducing the’s sodium void effect by about 5$4raine et al.,
2012; Chenaud et al., 20l6ompared with previous reactors is the wide pielsmall wire concept. The
ASTRID design consists of 217 fuel pins in each ®ith a 9.70 mm outer diameter separated by a 1 mm-
diameter spacer wire helically wound around the pirhe pin’s lower plugs are mounted on the rdils o
stainless-steel single-part grid to form a bunéig.(2) that is vertically held within the hexagbmaapper tube.
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Fig. 2. Fuel pin bundle with the grid support.

The inner and outer core fuels pins differ slightiytheir composition and their length (Fig. 3) eTGFV
core is characterised by axially heterogeneousdins|, with a UQ fertile zone inside the (U,Pu)@ssile area
for the inner fuel sub-assemblies. A 10 cm-longgsile zone for the outer fuel sub-assemblies plesia global
asymmetrical, crucible-shaped core. Fuel pinséncibre are provided with a lower fertile axial anof
30 cm. Fissile pellets have a central hole to impnmargins with respect to the fuel melting tempersg while
fertile pellets are solid to increase the breedjai, to reduce the loss of reactivity and to miakessible to be
differentiated from fissile pellets.
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Fig. 3. Fuel pins composition (dimensions in cm).

Fuel pins are hermetically sealed once filled withelium-based mixture at 1 bar. Thermomechanical
analysis based on finite-element computations @ftilel pins during irradiation have started with EA code
called GERMINAL V2 (ainet et al., 201Bwithin the PLEIADES fuel simulation platforniélfer et al. 201p
The aim of this analysis is to check that the desigteria (maximal temperatures, mechanical cairsis,



cladding swelling, etc.) are met in nominal coratis and incident transients (CRW, etc.), and tonasé a
number of pin failures to be expected during seaeddent sequences using a statistical analysisigue. By
avoiding excessive pressurisation in the pins|dher plenum length will undoubtedly be the keyraf these
in-depth studies. In nominal conditions, the endifefpressure in the pins reaches about 40 bars.

Life duration of the fuel element is limited by tbkadding embrittlement due to the high radiatiamége
rate. The reference cladding material for ASTRIBamposed of special 15%Cr-15%Ni austenitic steel (
Flem et al., 201pwhich was tested in Phénix: AIM1 (Austenitic Imped Material #1). The level of cold-work
(~20%), stabilisation by titanium, and control otlee amounts of minor elements (Si and P) have ritade
possible to delay the beginning of swelling undeadiation, which makes AIM1 suitable for use ughigh dose
rates. AIM1 has also been chosen for the spacertaiprevent differential behaviour under irradiatiA
dedicated qualification programme is required anupper plug/cladding welding which is subjected tugher
dose rate in the CFV core.

4.2. 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%Cr-1%Mo seedlibits excellent dimensional stability under diggtion
(Le Flem et al., 2014 A record dose of 155 dpa was reached on the EiMk0an during the BOITIX-9
experiment in Phénix, with a resulting irradiat®melling limited to 0.5%. At the beginning of the&sARID
project, the slight geometrical variation expedmdthe EM10 wrapper tubes at the target dose fretent
possible to optimise the core by reducing the et thickness and the inter-assembly gap compaitd
austenitic 316Ti SuperPhénix hexcans. The extemalinternal widths of the ASTRID hexcan are retipely
168.7 mm and 161.5 mm.

To ensure suitable clearance between the sub-aBsennbthe core, a rectangular spacer pad is stdmp
through each side of the hexcan just above thepiasl (Fig. 4). This pad design was originally uge&hénix
and SuperPhénix, and renewed for ASTRID becaugs wdliability and its simplicity.

Wrapper tube

e Thickness

Stamped spacer pads

Fig. 4. Section of a hexagonal wrapper tube wigtmgted spacer pads.

Not only do the pads play a central role in the Ima@ical equilibrium of the core, they also enhasafety
by preventing reactivity increases due to a corapaztion that follows a flowering, which may oceviren
core is subjected to dynamic stresses such agjeaké or internal pulse load release. Followingstifety
requirements for ASTRID wherein core compaction inmgsminimised, studies have been engaged to analys
the effect of a pad stiffness increase on the pwehanical behaviour. For this purpose, extendivdiess have
been performed to increase the stiffness of thepstd padsKlanc et al., 2016

Finite element calculations have been done usiad l8OS codeHielfer et al. 2015pbased on the
CAST3M solver within the PLEIADES fuel simulatiofagform (Helfer et al. 2015a A model was first
developed to reproduce the cold stamping proced®hiain representative pad geometry, and then was
validated on the SuperPhénix pads geometry than&srhparison with available experimental resultduft
crushing tests at 550°C. A parametric study comsidevariations in the pad dimensions (height, Wwjdadius
in the corners) was performed for the 6-loadedgzadiguration using an elastoplastic law of EM1®%50°C.
More than 200 plots were generated to cover thgeraif parameters (Fig. 5).
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Stiffness is defined by the slope of the curvethelastic zone (small displacements). The higstéftess
of 192 kN/mm was obtained for the extremal paramsetaaximal width, maximal height and minimal razif
the pads. These computations showed that padestfffoould be increased by a maximal ratio of ~7peoed
with the previous reference design.

The final pad design for ASTRID will be definedlfmhing the core static and dynamic mechanical
behaviour studies that are currently in progress.

4.3. Upper Neutron Shielding

Up to now, the upper neutron shielding is by fa& ¢omponent that has required the most brainstayanil
iterative studies. The result is an innovative glesiovered by a patent applicatiaro(enzo et al., 2004

4.3.1. ASTRID Requirements

The CFV core’s requirement for ASTRID makes it impible to reuse the upper neutron shielding designs
of Phénix and SuperPhénix. Indeed, the new reqeintspecifies a negative sodium void worth. Fas thi
reason, the bottom of upper neutron shielding,tkxtgust above the sodium plenum, should refleatmes as
little as possible. This required choosing the Inesitron absorber — boron carbidae@B— which benefits from
extensive feedback since it has been used in SE&ladr rods. Core studieggnard et al., 20)=xoncluded
that the optimum design for reaching the CFV effestild be a lower part made of 7.5 cm-thic)CBenriched
to 90% in'°B for enhanced absorption, together with the sra#ieel structure thickness to minimise neutrons
reflection.

The second main function assigned to the uppero@shielding is obviously to provide proper axial
neutron shielding to minimise damage to reacta@rirdls and reduce the activation of surroundingiiauits.

The specification for ASTRID is a targ@Na activity level less than 10 Bg/érfbest-estimate calculation) for
the secondary sodium in the intermediate heat esgdra (IHX) to ensure that the ASTRID steam geoerat
building remains classified as a non-controllechafkhis objective is much more severe than for Bhénd
also more difficult to meet than for SuperPhénigaiese of the distance between the IHXs and thevebih is
reduced. Moreover, considering the inherent tergethe CFV core to amplify upper neutron leakag@hs to
the suppression of the upper fertile axial blankaty the limited available space (about 90 cnthéntop the
S/A (to meet a total height of 4.50 m), it is clé@at the upper neutron shielding is a key issue.

Extensive 3D Monte-Carlo calculations were condii¢teoptimise the ASTRID core shielding, considgrin
the best “performance vs. cost” ratidh@poutier et al., 20)5This consisted in identifying the best arrangeime
for the reflector, moderator and absorber mateimaike lateral shielding sub-assemblies, as vgetha material
in the top part of the upper neutron shielding. €ning the lateral shielding, successive alteonatof MgO
and B,C sub-assemblies were adopted (see Section 0) e@ong the upper neutron shielding, the top pag wa
filled with natural BC (19.78% of-°B), the best neutron absorber, which gave almogbad results a$B-
enriched BC, while being much less expensive. Additional reushields made of borated steel sleeves were
addedri]g parallel to the IHXs to decrease the stagnsodium activation to an acceptable level afiuab
8 Bg/cm.



4.3.2. Upper Neutron Shielding Design

Knowing that the upper shield needed to be madthf enriched and natural® (see previous section),
the other complex part of the task consisted ippsing a design compatible with the design critarid
operational constraints.

The axially heterogeneous fuel pins provide a makiiiax shifted towards the top of the sub-asseewli
compared with former SFRs. This means that tf@-&nriched lower part of the neutron shieldinguisjscted
to a higher flux (3.0E+14 n/cits) which produces a large volume of helium (~386)cand dissipates a great
deal of power (up to 50 W/chndue to the exotherm&lB(n,a)’Li neutron capture reactions. The latter aspect led
to the choice of EC in the form of a 19-pin bundle to meet the maxitemperature criterion, together with a
Na-bond to take advantage of the high thermal cotidty of sodium. Non-leaktight pins design alsoyided a
solution to the problem of significant helium pration. By allowing He to be released from the parsy
unacceptable pressurisation is avoided inside ittegnd the height of the ping.e. the fuel S/A — is by the
way minimised, because axial plenum is no longeessary.

But Na-bonded pins maybe raised the most imporsane that needed to be resolved. Absorber pins
comprise a lower and an upper porous vent throdgbhahelium is released and sodium flows insidepting.
Due to the fragmentation of,8 under irradiation, small fragments may plug thierametric pores of the vents
and hinder pin draining. This is made even morcdit when considering the sub-millimetre claddipellet
gap inside the pins. It is well-known that the smdiinside the Na-bonded absorber pins cannot héytot
removed after draining. Yet this non-negligible amiof Na trapped inside the pins engenders unsaiskep
safety risks during the fuel S/A washing or undeeratorage phases due to possible uncontrollethesmal
sodium-water reactions The solution to this probleas found following a brainstorming and value eegiring
process: the whole upper neutron shielding wouldhbde removable on-line through the assembly hesid |
before the washing operations.

The main difficulty was to design a device whiclakles the upper shielding extraction and thatlfetfithe
following requirements:

e The whole upper shielding must be removable onfliom the S/A head while in the washing pit.

e The smallest possible axial dimension must be aggb maximise the & pin height within the

overall available space.

e The upper neutron shielding must be securely logkgubsition in the S/A, by acting against the

hydraulic lift force.

The extracting device is located at the top ofupper neutron shielding. It was designed on théslzdghe
experimental capsules head from SuperPhénix wherie wvemovable from the S/A in the outer Na stocrge.
A strict design process was carried out to redteckength by a factor of ~4. The upward axial logkof
neutron shielding is ensured by three lateral fisgpread out inside a groove in the S/A head aidtained
thanks to the weight of a movable solid stainlésselgart (Fig. 6). The downward axial locking isared by
stopping fins located in the hexcan corners andnteslion a cylindrical skirt fixed to the S/A headisture.
The three locking fingers are withdrawn by the umlv@ovement of the movable part, allowing the upper
neutron shielding to be extracted by the top thhotlg S/A head. The translation motion of the méwalart is
ensured by a specific mechanical grapnel actuatéuei washing pit and whose fingers are insertedhin
internal groove. This grapnel is very similar te tine used for S/A lifting but with smaller dimeorss.

The removable upper neutron shielding consistsief.& cm-diameter and 94 cm-long cylinder. These
dimensions comply with a S/A height of 4.50 m whil#illing all ASTRID requirements.
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Fig. 6. Removable upper neutron shielding insi@eSkA (section view).

The lower part of the neutron shield, in its filsisign, comprises the 19-pin bundle equipped Wath f
equalisers, while the upper part comprises theaetitrg head as described above. The pins are attdotthe
fixed part of the extracting head thanks to a gtigport composed of parallel rails, like the fuekpsee
Section 4.1). The pin design is equivalent to the osed for the absorber rods. It comprises a itigddade of
15-15Ti AIM1 stainless steel, capped by two plugsipped with a porous vent. From bottom to topdashe
pins, there are 7.5 cm of® enriched to 90% iffB, 69.5 cm of natural £, and an upper plenum comprising a
spring. The pins have a diameter of 25.8 mm andeparated by a 2 mm-diameter helical spacer Wire.
surface fraction of BC is 26.5%. BC pellets are confined by a stainless steel shamddare fabricated
according to a “carbothermal” process instead ef‘thagnesiothermal” process (Phénix feedback). thlee
control and shutdown rod&(énot-Delahaie et al., 20)L 3he shroud and the “carbothermaljBare both the
subject of in-depth R&D actions that aim to doutble pin lifetime from start-up value which is based
feedback (two cycles of 360 EFPD) to the requirtddlifetime at equilibrium (four cycles of 360 EER.

4.3.3. Thermal-Hydraulic CFD Computations

CFD computations were performed first on a prelamyndesign, then on an optimised design.

The movable part in the extracting head does nigtemsure the locking/unlocking and extractionled t
upper neutron shielding, but also the sodium flathgo the S/A outlet. A small central hole in greliminary
design was necessary to house the actuating meoharithe three fingers. This sodium section réduowvas
expected to increase the pressure drop in theT3iee peripheral bean-shaped holes were conseyaeitted
between the fingers to increase the hydraulic diarrend reduce the total pressure drop (Fig. 7).
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Preliminary thermal-hydraulic calculations on tfiist design were performed to evaluate the presduop
and to characterise the sodium flow fields (velpaitd temperature) above the S/A outlet at the wameitoring
system level (thermocouples and flowmeter). leiguired to have the more homogeneous flow at the
monitoring level to ensure a proper protectionhaf tore, with measured values as close as possitile mean
values at the S/A output. Simplified but represtvgamodelling of the S/A upper zone was used withCFD
STAR-CCM+ code, starting from fuel pins output opthe monitoring system in the hot pool. A constant
sodium flow rate was considered at the inlet ofrtiozlelled area, corresponding to the maximum vialdlee
core (26.7 kg/s), but with the heterogeneous teatper map that was separately computed at théturelle
output. The mean temperature is 555°C at the Stietou

The sodium velocity and temperature fields at tite@ssembly outlet are shown in Fig. 8. This figure
shows a heterogeneous flow in temperature withadignt of ~13°C between the center and the peryahahe
monitoring section plane, with a measured value Bitfber than the mean temperature. The velocitgt 8aows
that the flow is much more disturbed as it goesugh the extracting head of the upper shielding: déntral
and the three peripheral holes in the movablegvatte four separated flows at the S/A outlet. jéwpheral
flows have a velocity higher than the central amieich may alter the measure by the flowmeter. D&l t
pressure drop in the upper shielding is ~0.6 H2#p ®f which is located in the absorber pins buiieause of
the wires and flow equalisers that reduce the sodiection.
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Fig. 8. Primary CFD computations at the S/A outfiest design).
Left: along Z-axis; Right: in monitoring section plane.

These preliminary computations revealed severabwdpptimising the pins bundle and extracting head
design in order to improve the temperature andoigidields at the sub-assembly outlet and to deseehe total
pressure drop.

First, the wires and flow equalizer were removedyrider to enlarge the sodium section in the pursike.
The parallel grid support was replaced by a symuoatstar-shaped one, to avoid heterogeneous flow
separation, and a similar star-shaped holder wadisdad at the bottom of the pins bundle, to engarstability
now that wires do not endorse this role anymordast, the movable part in the extracting head suaplified:
the three peripheral holes were suppressed wteleghtral hole was enlarged with a smoother ergrémc
reduce the pressure drop (Fig. 9).

Movable part
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Star-grid support

B,C pins

Sodium flow

Fig. 9. Simplified cross-section of the upper g extracting head (fingers not represented)oSeédesign.

The sodium velocity and temperature fields at tife@ssembly outlet are shown in Fig. 10.
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Fig. 10. Secondary CFD computations at the S/Aeb(@second design).
Left: along Z-axis; Right: in monitoring section plane.

This figure shows a more symmetrical and flat resgan temperature with a gradient of ~5°C betwben
center and the periphery in the monitoring sectitame, with a measured value just 4°C higher thamtean
temperature at S/A outlet. The velocity field shahet the flow is much more homogeneous and acoleptao
with a single flow at the monitoring system levehe velocity is higher in the center of the flowialhis
supposed to increase the accuracy of the measutehtentotal pressure drop in the upper shielding i
decreased to ~0.3 bar, which represents a reduayiet).3 bar comparatively to the previous design.

4.4, LiftingHead

The S/A lifting head was designed in coherence thi¢hupper neutron shielding (see previous sectitimg
objective of maximising the £ volume in the removable upper shielding led tyéasing the head inner
diameter (15 cm) through which it is extracted. Shb-assembly head is a ~1 meter-long single padenof
AISI 316L stainless steel. The top part is cyliodtiwhile the bottom part is hexagonal (Fig. 11).

The cylindrical top part of the head is 27 cm-loligomprises an internal groove at the top for-sub
assembly lifting using the handling grapnel. Selexdial holes will be included to ensure propek 8soling in
the case of exceptional situations where headsrarevered for visual inspection. The top outerauefis used
for surface detection purposes by the under-sodigmalisation system (VISUS), which is designe@msure
that the S/A head does not stick out further thenathers. To prevent handling errors, a bar ce@agraved on
the edge of the head for sub-assembly identifioabip under-sodium ultrasonic readings.
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Fig. 11. Lifting head.

The bottom part of the head has an outer hexagaeébn while retaining the inner cylindrical holeis
extended downwards to the interface between thetett B,C and the natural £ of the upper neutron
shielding (Fig. 6). This design was necessary twide the negative sodium void effect by limitifgetamount
of steel (neutron reflector) in the bottom of thmpar shielding. Moreover, the steel in the uppet pithe head,
which is next to the natural,B, improves the global upper neutron shielding laglgs to achieve a low
secondary sodium activity level. The hexagonal pathe head is inserted inside the wrapper tultle avgap.
The binding with the wrapper tube is ensured b atdmping after mounting of the fuel pins bundle.

45. Spike

All core sub-assemblies are supported verticalth wie spike inserted in the shroud tubes provideie
grid plate. The bearing surface is spherical orstlike side and conical on the grid plate side.(E&). The
shroud tubes comprise multiple holes to allow cmdium from the grid plate to flow into the S/Alspithrough
oblong slots.

Two helicoid labyrinths are provided on the spikthva reduced gap with the shroud tube. The funabio
the top labyrinth is to control the leakage flowcotd sodium — ~200 kg/s for the whole core — ihi® hot pool
in the interspace between sub-assemblies. Theisphleearing is provided with six slots to preveavitation
and erosion at this level due to the leakage.

The function of the bottom labyrinth is to ensure minimum flow required for main vessel coolingalso
prevents the S/A from hydraulic lifting or floatingghich may occur due to high coolant drag presdwe
generating a hold-down force owing to the pressuop developed here.

Top labyrinth

Coolant entry slots

Self-orientation
cams

Sphere-cone

bearing surface /

Bottom )
labyrinth

Discriminator

Fig. 12. Spike.



The choice of a compact pressure drop device farldB made it possible to reduce the spike length by
about 0.4 m compared with the SuperPhénix desigippgd with diaphragm-plates device. Sub-assembfies
each flow zone in the core are equipped with a @npressure drop in the spike to achieve the reddiiow
rate through the S/A (Fig. 1). This compact dewioasists of multiple aligned or crossed honeyconifice
plates (Fig. 13), within a total length of lessrtH cm. This device has been successfully expatadewith
some sub-assemblies in Phénix and SuperPhénix.

Fig. 13. Grid plate of the pressure drop device.

Additional protection against handling errors dgriefueling is provided thanks to discriminatorgtigres
located at the bottom of the spike. Those discrétars have a specific design for each flow zorthéncore.
They prevent a fuel S/A from being completely loggtinto the wrong position in the core,. in a position
where the S/A would be under-cooled, or in a positf an absorber rod that would lead to a redgtiacrease.
This protection involves a combination of inner ander diameters at the spike’s end that are rejmexdion a
lock located inside the shroud tubes (Fig. 14).

Though this discriminator concept comes from Supéni, the novelty for ASTRID is that the spike éad
provided with self-orientation devices. These desiare arranged in parallel to the discriminatdhatottom
of the spike, instead of being located at the t5p §dbove the grid plate as was the case for foBR&s. The
discriminator consists of two cams at the spike @npled with six vertical grooves inside the slrtubes.
The top of each groove is provided with conical parto rectify the angular mis-orientation. Whiléueding,
self-orientation guarantees the angular positioeamh S/A with a good accuracy with respect tagtie plate.
Such an orientation with respect to the fixed stmecof the grid plate prevents the S/A networkrfrangular
drift that may cause S/A blockages while refueliaigg guarantees the proper S/A orientation evease of
refueling after a WCDi,e. without adjacent sub-assemblies.



Lock

Ramps

Grooves

Shroud tube side

S/A spike

Fig. 14. Discriminatory and self-orientation feasir

The spike is made of AlSI 316L austenitic stealthickness will be defined according to the resoftthe
core dynamic mechanical studies that are curremttierway.

All core sub-assemblies have the same spike desicgpt for the discriminator which depends on toe f
zone, and for the mitigation CSD which have a djespike.

5. Conclusion

The fuel sub-assembly design for the ASTRID CF\tu#de at the end of the Conceptual Design phase
(AVP2) is described.

Innovative design choices have been made to me@$i RID project requirements, marking a break with
the former Phénix and SuperPhénix French SFRsgathe sodium void worth (CFV core) will be achidve
thanks to axially heterogeneous fuel pins, a widdding/small spacer wire bundle, a sodium plenbova the
fuel pins, and upper neutron shielding with bothi@m®ed and natural £ sodium-bonded pins.

The upper neutron shielding will help to reachwa gecondary sodium activity level and will be rerable
on-line through the assembly head so as to medtimgsonstraints. Studies have been performedcease
the stiffness of the stamped spacer pads in ood@nalyse its effect on the core mechanical bebawaring
hypothetical radial core flowering and compactiorr@s. To prevent handling errors, an under-sodium
ultrasonic bar code identification system will ggthe lifting head, and the spike end will be fittgith
discriminatory features arranged in parallel td-sekentation devices.

The beginning of the next Basic Design phase naudes on consolidation of main design choices,
performance levels confirmation, design optimizatias well as the start of qualification programme.
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Glossary

ASTRID: Advanced Sodium Technological Reactor fatustrial Demonstration
AVP2: Conceptual Design phase #2
CSD: Complementary Safety Device
CFD: Computational Fluid Dynamics
CFV core: low void worth core
CRW: Control Rod Withdrawal

dpa: displacement per atom

EFPD: Equivalent Full Power Day
IHX: Intermediate Heat Exchanger
S/A: Sub-Assembly

SFR: Sodium Fast Reactor

ULOF: Unprotected Loss-Of-Flow
WCD: Whole Core Discharge



