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The purpose of this paper is to study anchmgare
different neutronic approaches used to calculateOBL
transients in sodium cooled fast reactors. A filsfective
is to compare two codes used for spatial kinetics
calculations. Two neutronic models are comparede Th
first one is based on a deterministic (discreteimate K)
approach, using tabulated self-shielded cross sasti
where the core reactivity and the power shape
distribution are evaluated at each time step of the
transient calculation. The second model relies be t
Transient Fission Matrix (TFM) approach, condensing
the response of a Monte Carlo neutronic code inetim
dependent Green functions characterizing the local
transport in the reactor. This second approach \afoa
fast estimation of the reactivity and of the flux
redistribution in the system during the transierithwa
precision closed to that of the Monte Carlo codethB
models have been coupled to the thermalhydraulics a
applied on an ASTRID representative assembly. This
application case is supposed to be sensitive toepow
redistributions. A second comparison between spatia
kinetics and point kinetics calculations has beed to
study this point. Finally we obtain a good agreemen
between spatial and point kinetics on the ULOF
calculation, while some discrepancies are observed
between the TFM and the, @pproaches on the power
level stabilization, due to difference on the femakb
estimation in both models.

I.INTRODUCTION

Studying reactor behavior during various transient
situations requires a coupling between neutronicd a
other physics such as thermalhydraulics. This dogpl
acts through the feedback effects linking the tewupee
(Doppler), the density or the geometry deformatmithe
neutron behavior in the core. These feedback effect
induce an evolution of the total power value anditsn
distribution in the core. Various approaches exist

model the neutron kinetics depending on the reduire
precision, on the studied system complexity andthan
computational resources accessible. In order t@rmeren
the precision of the neutronics modeling, many
developments concern the consideration of spalied f
redistributions during the transient. In the frawmfethe
study of sodium fast reactors, the capability tedict the
spatial decoupling is an important point due to the
geometrical heterogeneities of core concepts sacthe
low void concept ASTRID (Ref. 1). This kind of reéac
represented in Fig. 1 is composed of both axial radl
heterogeneities. In this frame, a comparison ofroaics
models and of calculation tools is performed betwee
French Alternative Energies and Atomic Energy
Commission (CEA) and the Israel Atomic Energy
Commission (IAEC). These studies aim to define the
validity domain of point kinetics models for systemde
applications.
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Fig. 1. Axial cut of the reference core of ASTRIIth the fuel
in red, the fertile matter in green, and the sodiplenum in
yellow.

The one dimensional representative assembly of the
ASTRID reactor used for this benchmark is descrilved
the second section. The third section is devotethéo
presentation of the calculation codes used in thdys
The two neutronics approaches based on Monte @Gado
deterministic calculations are detailed, togethih wheir
spatial and point kinetics applications and theiuging
to thermalhydraulics. Finally, the results obtained a
simplified ULOF transient are presented in the flour



section of the paper together with a comparisostabic
Monte Carlo calculations on different snapshotsthef
fuel temperature and sodium density distributidcetaat
representative time steps of the transient.

II. CASE PRESENTATION

The application case is a 1D assembly represeatativ
of the ASTRID sodium cooled reactor at beginning of
life, characterized by a negative sodium void éffate
radial distribution is neglected in this 1D studgsuming
that there is no sodium boiling in any assemblyciSa
reactor is very sensitive to power redistributiovith the
two fissile areas separated by a fertile area. diuso
plenum at the top of the geometry amplifies thiecfby
increasing the neutron leakages from the supeissilé
area when the sodium density is reduced.

I1.A. Case geometry

Figure 2 presents the case geometry. This
configuration is very heterogeneous with fertileeas
between fissile areas. The sodium plenum is opéchip
ensure a negative sodium void effect (Ref. 2). hié t
sodium density decreases, the neutron absorptidhein
B,C increases so that this negative feedback leads to
reduction of the power.
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Fig. 2. Case geometry.
I1.B. Material characteristics

The material temperatures and the isotopic referenc
compositions of the different areas are given ih.Ta

TABLE |. Material temperature and composition <40
atoms per crh

Fert - 1000 K

Fiss - 1500 K

B -740K

O 1.952e-02
Na 6.352e-03
Fe 1.861e-02
B3 1.977e-05
38y 9.742e-03

O  1.952e-02
BNa  6.352e-03
Fe  1.861e-02
3%  1.542e-05
238y 7.599e-03
% 5.833e-05
2%y 1.238e-03
2%y 5.773e-04
2lpy 1.617e-04
24%py 1.743e-04
2IAm 2.71e-05

B 6.388e-03
Y8 2.587e-02
12C  8.065e-03
Na 1.094e-02
%Fe 1.256e-02

Gas Plenum -
740 K

Na Plenum -
740 K

“Na 6.352e-03

Fe 1.861e-02

*Na 2.106e-02

%%Fe 6.701e-03
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As mentioned, the calculations presented here are
performed at beginning of life. In order to comptite
feedback coefficients, a material temperature asgeof
+300 K (Doppler effect) and a sodium density renturct
of 1% are considered.

The nuclear database used in this study is JEFF 3.1
(Ref. 3).

I1.C. Ther malhydraulics characteristics

The sodium is injected in the assembly at nominal
condition at a flow rate of 31 kg/s, and at 400°C
corresponding to a density of 0.85514 gicithe sodium
heat capacity is 1265.4 J/kg/°C and its expansgctof is
0.000315 K.

The fuel thermal conductivity and heat capacity
depend on the temperature and the burnup. The
correlations used are accessible in Ref. 4 andcsepted
in Figs. 3 and 4 at the beginning of the irradiatiblote
the important variation of this parameter in theelfu
temperature range.
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Fig. 3. Fuel thermal conductivity as a functiorttoé fuel
temperature.
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I11. CALCULATION CODE PRESENTATION

Two calculation codes are used in this study. Both
are composed of a neutronics - thermalhydraulics
coupling. This study aims to compare the neutronic
modeling used: the deterministig ection I1I.A.2) and
the TFM Monte Carlo (section I11.B.2) models. Bahe



capable to perform spatial kinetics and point Koset
calculations.

[11.A1. Modeling used at IAEC
[1I.A.1. Thermalhydraulics

The thermalhydraulic part of the code describes the
generation and removal of heat from an averagedirel
inside the core. The heat source, associated téstien
rate, is provided using the axial power densityceliated
by the neutronic part of the code throughout thegient.
The assembly thermalhydraulics is modeled as aldw f
with an imposed flow rate at the assembly inlet.eAth
time step, the local velocity is calculated usirge t
imposed flow rate boundary condition and the sodium
density variation. The heat removal from the caplin
sodium channel is described by axial convectioul, ine
heat removal from the fuel pin to the coolant byiah
diffusion along the fuel pin and clad, assumingt tthee
axial diffusion is negligible. The time dependeowf rate
is an external parameter assumed to be known argl th
not calculated by the code.

As mentioned, fuel and coolant temperatures
provided by the thermalhydraulic part of the code a
used to calculate either the space dependent sexti®ns
if one is interested in solving the spatial neuti@msport
equation, or to calculate the reactivity if ondrigerested
to the describe the neutron evolution under thentpoi
kinetics (PK) assumption.

I11.LA.2. Neutronics

The deterministic calculations are based on the
traditional two level lattice/core scheme. Firdte tself-
shielded cross sections are computed at CEA by the
ECCO (Ref 5) code cell, using the fundamental mode
assumption for each kind of materials of the 1Decor
description. For fissile material, a buckling séarc
algorithm is used to obtain the critical flux fdret cross
section collapsing to a 33 energy group mesh. Rer t
subcritical materials such as fertile or structyafts of
the 1D subassembly, the process is based on source
calculations using the spectrum coming from presiou
fissile calculations. The isotopic cross section® a
computed once for all at the different temperatuaed
considered as constant over time in the following
calculations. Their dependency with the temperafare
assumed to be linear with the sodium density Janat
and logarithmic with the temperature variation. The
fundamental mode hypothesis used here does not teeem
be the most realistic assumption regarding the Hdeh
of the core, but these calculation schemes infefitem
PHENIX and SUPERPHENIX studies are the only ones
available in ECCO package.
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The neutronic part of the code then solves the time

dependent transport equations, written for a one
dimensional slab geometry (Ref. 6):
109t E,2,0) _ L(x,E,0,t) E,0,t)
;T - fl )44, ¢(xl yRdy
+ i D MO
L
+ S(xﬁ EPQP t)l
Xi 0Ci(x,t)  —x;
L e = 2 Gt
A Ot 4 it
+ F%(x,E, 2, )p(x, E, 0, 1)
fori=1,..,1,
1)

where I is the number of delayed neutron precursor
families. The symbolL(x,E,2,t) denotes the time-

dependent transport operator including streaming,
absorption, scattering and prompt fission, and
F%x,E,0,t)p(x,E,0,t) is the delayed neutron

precursor group production rate.

The code solves the steady state equations for the
neutron flux and its adjoint version for the adjdinx by
the Sy method of discretization for the neutron angle
(Ref. 7) with N = 16 and with 33 energy groups
corresponding to the self-shielded cross sectioepared
as described above. The boundary conditions ataxa f
leakage on the axial boundaries, and a volumetgkdge
modeling the radial leakages.

The time evolution of the neutron flux is described
following the assumption of the Predictor-Corrector
version of the Improved Quasi-Static (IQS) methBdf§.

7 and 8): the time-dependent neutron flux is sptid the
product of two functions callegimplitudeandshape
¢(x,E,0,t) =P(t)p(x,E,0,¢t) (2)

The amplitude functio®(t) depends only on time
and provides the bulk information about the power
change, while the shape functigiix, E, 2, t) depends on
all the variables describing the (time-dependermtyvgr
profile deformation. The Predictor-Corrector versiof
the 1QS method evaluategpeedictedangular flux using a
macro time scale for discretization, typically theeme as
the one chosen for the thermalhydraulic part ofdbee.
The method assumes that the error resulting froen th
macro time discretization is related to the ampgktu
function alone. The predicted flux is used to eatanthe
shape function and to the calculated effective ipatars
for the point kinetic equations. Then one solves gibint
kinetic equations on a micro time scale, for a eced
estimated amplitude function. Once new amplitude is
known, one gets a corrected value for the anglarand
the precursor concentrations. During the transikal
cross sections are given using a pre-calculateghpaiial
dependence on the coolant density and fuel temperat



provided by thermalhydraulic part of the code. Fos
purpose of comparison, the point kinetics versibrthe
solution is trivially achieved by assuming that gtepe
function remains constant throughout the transi&at.
this case, the code calculates at the beginninghef
transient the local reactivity coefficients, whidhives the
point kinetic equations and then calculates at danb
step the reactivity using the local values for tm®lant
density and fuel temperature provided by the
thermalhydraulic part of the code.

I11.B. Modeling used at CEA
111.B.1. Thermalhydraulics

The simplified thermalhydraulics calculations are
performed with a 1D motion using the fluid mechanic
calculation code OpenFOAM (Ref. 9). Despite refeeen
tools for thermalhydraulics applied to fuel bundbeist,
we choose a fast calculation tool developed in ipres/
work (Ref. 10). The velocity field is representaed-ig. 5.

The section of the geometry simulated in
OpenFOAM represents the average sodium axial sectio
that changes in the different regions. Since thedfl
dilatation is not considered in this thermalhydieail
computation, the fluid velocity only depends on the
sodium fraction with a constant flow rate. Thenthe
sodium section is smaller, the fluid velocity isger as
we can see in Fig. 5 with the smaller sodium sactio
the pin area (gas, fertile and fissile areas).

Na B,C

0 Velocity [m/s] 5

3000
2 2500 S
£ 2000
£ 1500 \\
@ 1000 — Reference Mg
=) || = = CEA16+4bins cvnonse
£ 500t . + [AEC 20+ 5 bins

% 1 2 3 1 5

Radius [mm]

Fig. 6. Radial temperature distribution associai@dan
imposed pin-power of 50 kW/m and a sodium
temperature of 700 K. For the study presented is th
paper, the calculation is performed with 16 binsthe
fuel and 4 in the steel for the CEA calculationdan
respectively 20 and 5 for the IAEC.
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Both the sodium and the fuel average temperatures
are calculated during the transient. The heat exgha
coefficient between the two media is computed @nfiy
at each axial position and time step. Using theviptes
average temperature estimation, the pin temperaagiial
distribution is reconstructed together with theisodfuel
heat exchange. The pin temperature field is preseint
Fig. 6. The difference on the mean temperature datw
the reference calculation (10000 bins in the funel 4000
bins in the steel clad) and the calculation usedhin
study (only 16 bins in the fuel and 4 in the stelad) is
limited to 0.3 K which is well negligible comparéadl the
temperature variation in the pin. After a sendii\study,
the CEA calculations performed in the following ukge
bins in the fuel and 4 in the steel clad

111.B.2. Neutronics

The neutronics approach is based on a perturbative
version of the Transient Fission Matrix (TFM) apach.
The TFM approach described in Refs 10, 11 and 12 is
based on the utilization of fission matrices an@érage
time transport matrices to compute neutron kinefidse
matrices are estimated using a Monte Carlo caloulat
once per core configuration, and prior to the tiemis
calculation. Different matrices , depending on the

neutron spectrum (prompg, or delayed yq) and the
neutron multiplicity (promptv, or delayed vg), are
estimated during the same calculation. Those nastric
contain the neutron propagation spatial and tenpora
behavior of the system, so that no more Monte Carlo
calculation are required during the transient dakon
thanks to an interpolation of the matrices perfainos

the fly to follow the system evolution. An interptibn
model is thus implemented in the TFM approach.

Due to the large influence of the crossed volume
during the neutron transport between its creatiositipn
and its fission position in an heterogeneous rea@o
correlated sampling (CS) technics (Ref. 13) hasnbee
applied to study sodium cooled reactors such asRABT
The CS technics provides a perturbed estimatiothef
fission matrices using a neutron weight perturlvatizat
depends on the effect of a crossed section motdita
due to a sodium density or fuel temperature (Dapple
modification. Considering,,, , any of the matrices of

the TFM approach, and applying a CS weighting for a
sodium density variation of -1% or a local temperatof
+300 K, the effect of a local perturbation in the
subvolumek onG is writtenG¢<} ¥ for the density effect

and G)‘fjka for the Doppler effect. These matrices are

called perturbed matrices. Finally, usirig(k) and
Appo (k) the fuel temperature and the sodium density
variation in volumek, the matrixG is interpolated using a




linear interpolation for the density effect and a
logarithmic interpolation for the Doppler effect as

G (Apna(K), T(K)) = Gy, — i G0 Apna(K)

10g(T (k) / Tres(F))
26 " log((Tref(k)+300)/Tref(k))

dop k
XxVx

3)
During transient calculations, the matrices of the
TFM approach are then updated using this interjpolat
model in order to estimate the fission neutron
redistribution and the reactivity variation caldeld with
the temporal integration presented in Ref. 11. Tihal
kinetics equations solved for the prompt neutroNs) (
and precursors of delayed neutrons of each fam{R)

are the following:
At X l Gxavy z AP =

dP; _ Bi
o mzw
(4)

wherel, s is the effective prompt lifetime calculated with

dn,

the time matrix, ané—i the fraction of delayed neutrons of
0

family i. The matrix-vector multiplications correspond to
the source terms, each source corresponding tedafisp
matrix. These matrices are updated at each tinpeusi@g
the interpolation model with the perturbed matriees
the sodium density and fuel temperature modificatio

As mentioned, the TFM approach requires to
compute these specific matrices once, prior to the
transient calculation. All the matrices are caltedawith
a modified version of the Serpent 2.1.21 code (Réj.
One bhillion of neutrons are simulated and the syste
boundary is a neutron leakage.

Note that the reactor radial dimension has been
adjusted to reach criticality, the value obtaineithw
Serpent is § = 0.99980 + 0.00002.

Concerning the point kinetic resolution, the power
shape is constant and provided by the spatial ikinet
calculation at nominal power. Instead of interpiolgtthe
fission matrices during the transient, the reagtiweight
of each perturbed matrix is performed prior to puent
kinetic calculation to produce the spatial feedback
coefficient distribution in the reactor used duritige
transient. The distributions obtained for the ASDRI
representative assembly considered here are peelsant
Fig. 7 and 8.

We can see a good global agreement between the
CEA-TFM (red curves) and the IAEG;Sblue curves)
approaches. A difference can be noticed in thepfgsim
between 200 and 210 cm on the density feedbacls Thi
difference is due to the deterministic modeling
approximation: this area is thin and the neutrosctpim
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is very different between the neutrons going frowa fuel

to the sodium plenum and the neutrons that areateft
from the sodium plenum. This effect is visible dret
global feedback effect presented in Tab. Il, whtre
reference value corresponds to a direct Monte Carlo
calculation. The point kinetic values corresponoshe
sum of the local contributions of Fig. 7 and 8. Thst
column of Tab.ll corresponds to a local sodium dgns
decrease of -10 % in the upper gas plenum.
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Fig. 7. Axial Doppler feedback coefficient.
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Fig. 8. Axial density feedback coefficient.

TABLE Il. Global reactivity variation in pcm

Case Density Doppler -10% density
-1% +300K in 200-210 cm
Apyc—pep| -21.2£1.6| -171.8+1.6 -51.2+2.4
APpk—_cea -20.1 -182 -49.1
Appg_iaed  -30.7 -159 -111

Note that the value of PK-CEA corresponds to a sum
of local contributions. There is a bias since thessed
effects between these local perturbations are akent
into account. If we generate the perturbed matrix
associated to a global perturbation on the whotetoe,
the reactivity variations are respectively of -2p@n and
-171 pcm for the density and the Doppler effectsese
values are consistent with the direct Monte Carlo
calculation (see Tab. Il). The difference betweeBAC
(Monte Carlo with local correlated sampling apptgac
and IAEC (% perturbations using the direct and adjoint
flux) comes from the neutron spectrum variation and
anisotropy at the interface between the differe@as. We
can observe a larger effect on the density feedbathe



gas plenum in Fig. 8, also quantified in the rightumn

of Tab. II. It may be explained either by the diéflece in

the self-shielded cross sections between the teflec
neutrons and the leaking ones due to the spectrum
difference and the large steel density variatianby the
neutron leakage model used during the cross seséiin
shielding process.

V. ULOF transient calculation
IV.A. Introduction

The Unprotected Loss Of Flow accident consists in a
sodium flow rate reduction due to a pump failuree W
consider as benchmark an imposed exponential rieduct
of the flow rate down to the minimal flow rate digethe
natural convection of 7 % of the nominal value, hndt
decrease rate @t = 20 s (see Fig. 9).
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Fig. 9. Flow rate evolution imposed during the ULOF

transient.
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As detailed in section II, two calculation codesnfr
CEA and IAEC are used in this benchmark and both of
them can use spatial kinetics (SK) and point kaseti
(PK). They will be referred to as CEA-SK, CEA-PK,
IAEC-SK and IAEC-PK. Just a sentence to remind that
the CEA neutronics module uses the TFM approachdas
on a Monte Carlo pre-calculation, and the IAEC
neutronics module uses & 8eterministic approach. One
additional calculation called CEA-Ric: has been
performed, using the IAEC PK parameters in the CEA
numerical tool to check that the results obtainesl the
same with equivalent neutron kinetic inputs.

IV.B. Transient analysis

This section presents the results of the ULOF ¢aflicun
using the CEA-SK and CEA-PK calculation codes. The
SK approach provides the power redistribution, ¢l
PK approach the local feedbacks. Figure 10 shows th
assembly at the beginning (top) and at the enddimtof
the transient calculated with CEA-SK. Due to thsslof
flow, the sodium temperature is increasing durihg t
transient, due to the negative feedback effect,pinaer
level decreases. According to the power decreheduel
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temperature also decreases to adjust the temperatur
difference between the fuel and the sodium. Finadhg
power level stabilizes once the positive feedbatkhe

fuel compensates the negative feedback of the sodiu
The final power level here is around 20 % of thenmal
power. This value results of this balance effedivieen

the fuel and the sodium, so that it is sensitivethie
feedback coefficients. The power redistribution thre
assembly is around -5 % at the fuel — sodium plenum
interface and +2 % at the bottom. Due to the sodium
dilatation, the neutron leakage from the fuel te #C
increases, resulting in a strong local reductionthod
power shape. This effect results in a redistributid the
power in the lower fissile area.

Power Power

[MW/m] Tsotia [K] [kW/K/m] m (K] rodisir |hulmn (%]
B.C |i5 2010 105 | 1130
Na I
Gas I l
Fiss I
S |
Fiss
0 673 8.7 673 -5
Fert
Gas
Power Toonia [K] Power
[MW/m] |kW/K/m] rlhutlon [%]
11.5 2010 105 1130

N l '

Na
Gas

Fiss

"
Fert I I l
0

Fiss
673 8.7 673

by

Fert

Fig. 10. Overview of the reactor at the beginnitgp)
and at the end (bottom) of the transient with a
representation from left to right of: the powere tholid
(fuel and structures) temperature, the heat transfe
coefficient, the sodium temperature and the power
redistribution.

Figure 11 presents the evolution of the axial powwehe
assembly (ordinate) as a function of time (absgissa
during the transient (left), together with the powe
redistribution in the assembly (right) calculatedthw
CEA-SK. The redistribution is the normalized power
variation compared to the initial value. Note thhe
horizontal dashed lines separate the differentsaoéahe
geometry (fuel, fertile matter, gas plenum...). Thaial
and final values correspond to the results predent€ig.

10. During the transient the power level evolveg] ae
can see that the power redistribution is maximum at



around 100 s. As expected, the power level in dngld
area is low because of the small amount of fisaiéter.
Figures 12 and 13 present the evolution of respayti
the fuel temperature and the sodium temperatur®), (le
together with their impact on the reactivity (rigliue to
the sodium dilatation and the Doppler effect usBigA-
PK. The power production areas directly corresptmd
the positions where the fuel temperature is highed
where the sodium temperature increases. Note Heat t
sodium temperature stays below the boiling tempeeat
(1155 K).

1 10 100
Time [s]
OMW/m 3MW/m 6MW /m 9MW /m -5%

Fig. 11. Power evolution map.
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Fig. 12. Fuel temperature evolution map (left) angact
on the reactivity (right).
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Fig. 13. Sodium temperature evolution map (leftd an
impact on the reactivity (right).
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We can see on the right the effect on the reagtofit
the temperatures variations. The power reductialuésto
the strong negative sodium density feedback efiactise
sodium plenum. The contribution of the fuel area is
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slightly positive, but thanks to the progressiver@ase of
temperature this component is smaller than the tivega
one. The fuel temperature reduction, induces atigesi
reactivity increase with a large component in thddie
and the bottom of the upper fissile area. We cae @o
skin effect at the interface between the fuel dml das
plenum. Due to the sodium temperature increase) égve
the power level is smaller, the middle fertile area
temperature slightly increases, inducing a smadlitpe
reactivity component.

IV.C. Influence of the neutronics model
Figures 14, 15 and 16 present the temperature,

reactivity and power evolutions during the transiesing
the different codes and SK/PK models.
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Fig. 14. Evolution of the fuel and sodium maximum
temperatures.
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Fig. 15. Reactivity evolution.
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The system evolution corresponds to the description
in section IV.B. Due to the feedback effect, thevpo
level decreases during the transient, resulting ain
reduction of the temperature difference between the
sodium and the fuel. The reactivity reaches a mimm
value during the transient, around -70 pcm, anavigio
comes back to 0 pcm with a time constant associated
the precursor equilibration. All the calculationdes and
neutronic models provide a similar behavior durthg
transient.

Prior to the precise comparison of the different
neutronics models, one has to notice (Fig. 14,16% that
the ULOF CEA-PKxec (green dashed line) calculation
with the IAEC point kinetic parameters shows a very
good agreement with the IAEC-PK calculation. This
confirms that the differences in the thermalhydcsul
modeling do not impact the results and the diffeesn
described in the next section are due to the neiaso
models.

IV.C.1. Spatial kinetics versus point kinetics nisde

The PK and SK modeling shows a very good
agreement respectively between CEA-PK and CEA-SK,
and between IAEC-PK and IAEC-SK results. The power
stabilization is the same and the temperature tans
are superimposed. The difference on the reactivity
maximum variation is limited to 3 pcm. Using point
kinetics calculations is correct in such a slownsiant,
even for a heterogeneous geometry as the caselecedi
here.

IV.C.2. TFM versusSapproaches

The larger difference is obtained between the TFM
(CEA-PK/SK) and the $ (IAEC-PK/SK) neutronics
models. The reactivity difference during the transi
increases to a maximum value of 10 pcm. Due to the
difference on the feedback effects, the final terapee
equilibration is not the same. The final power leesults
of this coupling between the sodium density de@edth
a negative reactivity contribution and the fuel pemature
with a positive contribution. Finally, the propaigat of
the feedback difference between the two approaches
implies a power level difference of 5% (18% for IBE
and 23% for CEA).

IV.D. Comparison with direct Monte Carlo
calculations

In order to obtain the reference reactivity and eow
shape redistribution in the core during the tramsie
comparisons have been performed at specific tirapsst
of the transient. From the coupled SK tools, thdilsn
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density and the fuel temperature are extracted =atOt
(initial state), t = 20 s and t = 400 s, and dirbtinte
Carlo calculations have been performed on these
configurations. Note that the initial distributio(ts0) are
different between CEA and IAEC since the equilibriu
power shape are not exactly the same as it will be
discussed (Fig. 17).

The reactivity and the power redistribution are
calculated using the coupled SK results. In additio
Monte Carlo calculations are also performed usinly o
density or only Doppler effect in order to compdine
individual contributions. These individual reacties are
compared to the PK results to decompose the differe
contributions.

Tables Il and IV respectively present the diffaren
reactivity variations for the IAEC and CEA resulihe
two middle columns are the decomposed reactivity
variations, and the column on the right is the Itota
variation. Note that since the Doppler and the wodi
density effects have opposite contributions with same
order of magnitude, the total is small and thenréiative
difference may be very large between the referenak
the calculated one.

TABLE lll. Reactivity variation - IAEC

Case: Doppler Density Doppler andi
20s density
Apyc_rer | 472 pcm -66+2 pcm -19+2 pc

APpk_14EC 48 pcm -87 pcm -39
difference 2+4 % 32+4 % 124425 %
Case: Doppler Density Doppler and
400 s density
Apuc—rer | 2682 pcm|  -221+2 pcm 48+2 pcm
Appk—_1apc | 266 pcm -269 pcm -3 pcm
difference -1+1 % 21+1 % -106+8 %
TABLE IV. Reactivity variation - CEA
Case: Doppler Density Doppler andi
20.3 s density
Apyc_rer | 3912 pcm -77+2 pcm -42+2 pci
APpx_TEM 41 pcm -71 pcm -32 pcm
difference 515 % -71£3 % -2416 %
Case: Doppler Density Doppler and
400 s density
Apuc—rer | 23122 pcm|  -278+2 pcm 452 pcm
APpx_TrM 246 pcm -246 pcm 0 pcm
difference 6x1 % -12+1 % -100+9 %

We can see that the larger differences on the
contributions concern the density effect

individual

Concerning the IAEC results it confirms the effetthe
upper gas plenum in Fig. 8: the reactivity variatis
overestimated in this area. A difference of 7+3 92& s
and 12+1 % at 400 s is also observed for TFM, #tied



being significant compared to the statistical errand

possibly illustrating the limit of the linear infeslation for

the matrices interpolation model. Note that at §:Ghe

density variation between the bottom and the tophef

geometry is around -4.3 %, while at 20 s it is abu
-7.1 % up to -14 % at 400 s.

Figs. 17 and 18 respectively present the flux
distributions and redistributions in the core. Tikerent
time steps are presented in red (0 s), green (28c&hlue
(400 s). The reference Monte Carlo calculatiomiglain
line, and the results from IAEC and CEA are in dakh

line.
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Fig. 17. Power distribution at t=0 s (red), 20 seém) and

400 s (blue) with IAEC (top) and CEA (bottom) rdsul

reference in plain line and results from the cauplin

dashed line.
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Fig. 18. Power relative redistribution at t=0 sd;e20 s

(green) and 400 s (blue) with IAEC (top) and CEA

(bottom) results, reference in plain line and ressédom

the coupling in dashed line.
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Note that a supplementary result has been evaluated
at CEA using an Improved Point Kinetics (IPK) madal
the same way as PK model consists in a sum of local
contributions to calculate the reactivity (Eigealuesof
the perturbed fission matrices), this IPK model suthe
local redistribution contributions (Eigewectors of the
perturbed fission matrices).

Even if a small difference due to the choice of a
deterministic or Monte Carlo approach can be oleskrv
on the power distribution (Fig. 17), we can seetlogir
variation (Fig. 18) that the three resolutiong,(BFM and
MC) are in very good agreement. The small diffeeenc
that appears at 400 s is linked to the limit of limear
interpolation on the density effect. Finally, thepability
of the IPK model to predict the flux redistributienthout
new spatial kinetic calculation (only sum of indiual
contributions) shows that the decoupling betweea th
upper and lower fissile areas is very limited.

V. CONCLUSIONS

This study presents the impact of the neutron
modeling on a representative ASTRID assembly during
an ULOF calculation. Different neutronics models ar
tested. The first one, the TFM approach, is based o
Monte Carlo precalculation of the system response
associated to an interpolation model, and the skooe
is a deterministic discrete ordinatg Spproach solving
the neutron equation in time, position, energy, andle.
These two approaches are used to perform bothakpati
and point kinetics calculations through the genenaof
local feedback coefficients.

In order to check the agreement of the
thermalhydraulics and coupling tools, the ULOF siant
has been calculated using the same point kinetics
parameters with the two calculation codes and & ver
good agreement is obtained. The axial power shape
redistribution during the considered transieningted to
+2/-4 %, the sodium density decrease at the tothef
reactor inducing a power shift in the lower fissdeea.
However, the global system evolution is very simfiar
each code between its spatial kinetic and its pkimetic
resolutions. The difference on the reactivity véoia is
limted to 3 pcm. The main discrepancy observed
concerns the neutronics approaches TFM agdused.
The difference on the reactivity is around 10 pama,a
due to the discrepancy of the global feedback amefits,
the difference between the final power stabilizatievels
is of around 5%. Comparisons with static Monte Qarl
calculations on different snapshots of the trarsgow
that both approaches have a very good capability to
evaluate the power redistribution in the core.



The study of this ULOF scenario highlights thatev
if the spatial kinetics provides an information ¢me
power redistribution, the neutronics modeling apgito
has a larger impact on the transient evolutionthi
sodium remains liquid, point kinetics and spatiglekics
are in good agreement. Complementary studies will b
required on other scenarios that may induce a apati
decoupling, with a larger perturbation amplitudersas
sodium boiling or full core calculations with rafyanon
uniform perturbations.
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