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A simplified Fusion-Fission Hybrid System (FFHS) deterministic calculation model has been developed in order to study the coupling be-
tween a fusion machine and a subcritical fission system. Monte-Carlo (MC) codes are very flexible and they have to be considered as refer-
ence calculation tools for complex systems like FFHS. On the other hand, deterministic codes can provide, in shorter calculation time respect
to MC codes, parametric and sensitivity analysis, also by exploiting General Perturbation Theory (GPT) methodologies, which can usefully
support the global FFHS theoretical analysis. This work describes the comparison between the results obtained for a simplified FFHS model
by using a MC code (MCNP6.1, MC N-Particle) and a deterministic code (ERANOS). In particular, in this preliminary study, integral pa-
rameters like ke, thermal power, neutron fluxes and some key reaction rate profiles, will be compared. If the comparison between the two
mentioned codes will give encouraging results further, more refined, studies will be performed in order to consider deterministic codes as a
powerful workhorse for the FFHS analysis, including time dependent analysis devoted to transient and reactivity monitoring issues.
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PA3PABOTKA JETEPMHUHUPOBAHHOM PACUYETHOM MOJEJIA
IS AHAJIN3A THBPUJIHBIX CUCTEM CUHTE3A-JIEJEHUSA
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JInst M3ydeHust CBA3M MEXIy TEpMOSICPHON YCTAaHOBKOW M JOKPUTHYECKOW 30HOW JeieHHs Obuta pa3pabdoTaHa ympoUIEHHAs AeTepMHU-
HUPOBaHHAas pacuy€THas MoJeNb TMOpHUAHON cucTeMbl cuHTe3a-aenenus (I'CCJ). Beruuciutensnsie nporpammel MonTe-Kapino (MK)
OUYEHB THOKH U MOTYT PacCMaTPHUBATHCS KaK YTAIOHHBIE HHCTPYMEHTHI pacuéra I CIOXKHBIX cucTeM, Takux kak ['CCJI. erepmunanpo-
BaHHBIE KOJIBI MOTYT 32 0oJiee KOPOTKOE pacu€THoe BpeMsi, ueM rnporpaMMbl MK, BEIONHUTE apaMeTpUYecKnil aHAIN3 ¥ aHAIIU3 Yy B-
CTBHUTENHHOCTH, TAaKXKe HCIIONB3yd MeTonbl o0mei Teopun Bo3mymeHnit (OTB), yckopuB 3THM TI00albHBEI TEOPETHYECKUN aHAIU3
I'CCH. B nannoii paboTe cpaBHMBAIOTCS PE3yNBTATHI, MONydeHHBIE Uit ynpomeénHoit momemu ['CCJl ¢ mcmonp3oBanueM koma MK
(MCNP6.1, Monte-Carlo N-Particle) u nerepmunupoBannoro koga (ERANOS). B uacTHOCTH, B 3TOM NPEABAPUTEIHLHOM UCCIIEN0BAHUN
CPaBHHUBAIOTCS MHTETPAIbHBIE HapaMeTPsl: K.y, TEIUIOBas MOIIHOCTH, IOTOKH HEHTPOHOB M HEKOTOPHIE KIIFOUEBHIE MPOGUIN CKOPOCTH
SZIepHBIX peakiuid. Ecnu cpaBHeHHE pe3ynbTaToB, MOJYYEHHBIX JBYMs YIIOMSHYTBIMH KOJaMH, OyJeT NpU3HaHO OOHAIEKUBAIOIINM, B
JanbHeHIeM Oy ayT TIPOBEeeHB YTOUHEHHEIE NCCIIEA0BAHMS C [ENbI0 000CHOBATh UCIIONB30BAaHNE JETEPMUHUPOBAHHEIX KOJOB B Kade-
ctBe 3¢ dexruBHoro cpeacrea s ananuza ['CCJI, BkiIovas 3aBUCAIINI OT BPEMEHH aHaJIN3 MOHHUTOPUHIA IEPEXOJHBIX MPOLECCOB U
PEaKTHBHOCTH.

KitioueBsble cjioBa: ruOpuHas mporpaMMa CHHTE3a-IeJIeH s, BEIMUCIUTEIbHbIE porpaMMbl MonTe-Kapiio, neTepMUHIPOBaHHBIE KOJIBI.
INTRODUCTION
A Fusion-Fission Hybrid System (FFHS) [1], obtained by coupling a fusion machine and a sub-critical fis-

sion system, could, in principle, have some potential applications, including fission nuclear waste management.
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This system can be seen as an Accelerator Driven System (ADS), where a subcritical fission blanket is driven
by neutrons emerging from the fusion plasma instead of coming from an accelerator.

With a view to the component-by-component evaluation strategy extensively used in the ADS studies [2],
one can separately analyze the FFHS’s two main characteristics: the intensive neutron source and the subcritical
fission blanket.

MC codes are very flexible and can be considered as reference calculation tools to deal with complex sys-
tems, such as FFHSs. On the other hand, deterministic codes can be a quicker alternative to MC codes when it
comes to doing a parametric and sensitivity analysis, especially using the GPT-based methodologies [3], which
are useful in supporting the global FFHS theoretical analysis.

In this work we compare, in a preliminary way, results obtained for a simplified FFHS model using a MC
code (MCNP6.1) [4] and a deterministic code (ERANQS). [5]. In particular, we compare integral parameters
like kesr, neutron fluxes and some key reaction rate profiles.

CALCULATION MODEL SET-UP

A simplified cylindrical 2D-RZ model, with different homogenized coaxial zones, has been defined to
study the subcritical fission blanket behavior with two different codes.

The model is composed by four different regions (Fig. 1). They are, starting from the center:

— plasma chamber;

— sub-critical fission blanket;

— tritium breeding blanket;

Fission
— lead-steel shielding. blanket
In this preliminary study, neutrons were assumed B Tritium
to be produced from a DT-plasma, therefore the cal- | breeding
culation model considered a monoenergetic isotropic blanket
neutron source with an emission rate of ~10% n/s, Side view Shield Top view

placed in the center (the plasma chamber). The plas-
ma chamber’s volume is 27.5 m®.

A subcritical fission blanket was defined starting from an elementary fuel cell where fuel pin and lattice cell
are set to allow affordable power densities and coolant flow rates. Homogeneous materials compatible with the
LFR technology were chosen for the fission blanket, and their homogenization followed the design summarized
in Table 1.

Fig. 1. RZ geometry model

T ablel. Volume fractions of the fission blanket composition material

Material Volume fraction, %
Fuel (MA-doped MOX) 275
Steel (AIM1) 8.5
Void (He) 4.3
Coolant (Pb) 59.7

In the LFR concept, lead-lithium is used in the blanket as the breeder material, with a composition detailed
in Table 2.

T able2. Volume fraction of the breeding blanket component materials

Material Volume fraction, %
Breeder (PbLi) 40.0
Steel (AISI 316L) 60.0

The shielding zone is composed by a mixture of lead and stainless steel (AISI 316L) as shown in Table 3.

Tab e 3. Volume fraction of the shielding component materials

Material Volume fraction, %
Lead 35.0
Steel (AISI 316L) 65.0
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Then a reactor with a subcritical ke, of about 0.97 was modelled with the ERANQOS deterministic code and
then loaded in the MCNP code.

Homogenized cross sections for different zones were evaluated with the help of the ERANOS ECCO cell
code using the JEFF-3.1.1 [6] nuclear data library with a standard 172 energy group structure, scattering approx-
imation in P3 and S4 for angular distribution.

The BISTRO 2D-RZ flux module has been used for both «homogenized» and source calculations.

The neutron source considered was a DT generator that emitted 14 MeV neutrons isotropically and uni-
formly in the central volume of the geometry.

The same geometry and material composition were used in the MCNP6.1 based simulation. Starting from
an isotropic neutron source homogeneously generated inside the « plasma chamber» region, neutrons propagat-
ed in other regions. The KCODE card was used to determine the ke, and the SDEF card was considered as a
way to calculate fluxes and reaction rates.

RESULTS

The results of the effective neutron multiplication factor, ke, calculation with different reference codes are
presented in Table 4.

Table4. ERANOS vs. MCNP calculation of the effective multiplication factor

Reference case Kef P
ERANOS 0.97054 -3035
MCNP 0.98893 -1119

7.10'5 _ _ Evaluating the source neutrons’ importance rela-
Fusion Core Breeding gpjelg . . - .
610" source blanket tive to fission neutrons from the subcritical core is of
o 510 relevance for an understanding of the subcritical core
o . 15 . . . * -
‘\541315 behavior. The source relative importance, ¢ [7], is
- 3
S H .
5105 defined as:
1-10% 1
0 50 100 150 200 250 300 350 400 pr=-__Z
R, cm i 1
. . ) o . K,
Fig. 2. Comparison of the radial flux distribution as a function of
the radial distance from the cylindrical system’s center, calculated The ERANOS deterministic code assesses the
with the ERANOS (s) and MCNP (+) codes o+, S
N S
source’s importance as: R=¢*=—-——, where
P =, Fo
Fo

®" — adjoint flux of the homogeneous case; ® — direct flux of the inhomogeneous case; S — the external
source.

The results are listed below: ke = 0.97054; ks = 0.97403; (p* =1.121.

The ERANOS vs. MCNP comparison also covered the neutron flux and some reaction rates along the
radial distribution at the middle height of the system. It was chosen to normalize all the results obtained to
the ERANOS value in the center of the geometry. Comparison of the radial flux distributions, calculated
with the ERANOS and MCNP codes (Fig. 2) shows a good agreement for the whole system.
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Several reaction rates derived by the two codes were
compared. Fission rates were calculated using *°U, **U
and ***Am, with the results shown in Figs. 3—5.

The behavior of the U fission reaction rate in
the fission blanket zone shows some discrepancies be-
tween the two codes, this could reflect the difference
for ke value presented in Table 3.

Comparison of the **U fission reaction rate radial
distributions (see Fig. 4), calculated with the two codes,
suggests a good agreement for the whole fission zone.

In the case of *Am, fission rate radial distribu-
tions have a traverse similar to 2*U’s (see Fig. 5), and
one can see a good agreement between results ob-
tained with the two codes.

Then, the rates of capture reactions involving
%’Np and U, as well as °Li(n, o) were analyzed and
compared (Figs. 6—38).

There are notable discrepancies in the behavior of
the *’Np capture rate radial sampling (see Fig. 6) in
the fission blanket zone, simulated with the two codes,
which call for an explanation.

Discrepancies similar to those found for *’Np are
revealed for the U capture rate in Fig. 7, although in
the latter case the study is in progress.

The comparison between the two codes for the
®Li(n, o) rate radial distributions, in the breeding blan-
ket zone, shows a very good agreement along all the
radial direction (see Fig. 8).

CONCLUSIONS

The coupling of a subcritical blanket with a fusion
source, like in FFHS, may allow the fundamental
problem of disposing of long-lived radioactive waste
from the back end of the fuel cycle to be approached.

A simplified Fusion-Fission Hybrid System (FFHS)
model could allow to study and evaluate some important
parameters using different calculation methodologies.
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Fig. 7. Comparison of the *®U capture rate radial distribution as a
function of the radial distance from the cylindrical system’s center,
calculated with the ERANOS (o) and MCNP (-) codes
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Fig. 3. Comparison of the Z*%U fission reaction rate as a function of
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Fig. 4. Comparison of the “**U fission rate radial distribution as a
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calculated with the ERANOS (») and MCNP (<) codes
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Fig. 5. Comparison of the “**Am fission reaction rate as a function
of the radial distance from the cylindrical system’s center, calcu-
lated \;viltglghe ERANOS (») and MCNP (+) codes
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Fig. 6. Comparison of the “*'Np capture rate radial distribution as a
function of the radial distance from the cylindrical system’s center,
calculated with the ERANOS (») and MCNP (-) codes
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The simplified RZ model developed in this work was analyzed by both deterministic and Monte Carlo cal-
culations, the analysis was focused on some preliminary parameters, such as the neutron multiplication factor
and fluxes and the radial distribution of some reaction rates. This preliminary comparison yields some evidence
of a fairly good agreement between the Monte-Carlo and deterministic codes.

There are some differences between the ke results and consequently for flux absolute values, which fact
calls for further and more in-depth research and subsequent verification.

A full agreement between these results will allow the deterministic code to be useful in performing some
important evaluations concerning the FFHSs.
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