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Nuclear Analysisof the HCLL blanket for the European DEMO
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This paper presents the nuclear analysis of thepggan DEMO baseline 2015 with HCLL blanket caroed
with the TRIPOLI-# Monte Carlo code and the JEFF-3.2 nuclear datariibThe TRIPOLI-2 model was imported
from CAD using the McCad tool. A procedure thaterates the detailed 3D model describing all the HBlanket
internal structures was developed. This procedlloavato parametrize the blanket internal structusach as the
number of cooling plates, manifolds, etc. and kiiekness of the stiffening grid for instance. Diffat design variants
were studied to improve the tritium production. farthis previous study a complete nuclear analyais earried out
on a promising design which is a compromise betwdgom production and mechanical robustness. chitieria
(TBR, nuclear heating in coils and displacementaigarnin vacuum vessel) are met using this new ne¢erdesign.
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1. Introduction Finally, these three design variants have been
. . implemented in the new DEMO baseline called “EU
The EUROfusion ~Consortium [1] develops a peyop 20157 [9]. This paper present the nuclear

conceptugl design of a fusion power derpon;tratoranalysis performed to evaluate the different HCEkidgn
(DEMO) in the framework of the European “Horizon option.

2020” innovation and research programme [2]. Keyés
for DEMO are tritium self—sgfl_ﬁuency and heat_remb 2. HCLL blanket design

for conversion into electricity. These functionse ar

fulfilled by the breeding blankets surrounding fhasma The HCLL breeding blanket layout is a multi-module
chamber. segment design. Modules are welded in a stiff pialoi

Within the Breeder Blanket project (WPBB) of back plate in order to form a banana-shaped segie@mt

. . that can be removed from the upper port. The back
I(EPUPTD(?I'];US:ganamPrr?ZV[GQE] @Er:ispi:y;:;sr Z'Zﬂc tg:g;%()gy supporting structure (BSS) also works as a manifold
 prog ol 9 - collecting and distributing lithium-lead and heliumthe
the helium cooled lithium lead (HCLL) blanket [4drf different blanket modules
DEMO including the nuclear analyses. In WPBB's '

framework three other blanket concepts are respegti car
studied by KIT, ENEA and CIEMAT: the helium cooled e
pebble bed (HCPB), the water cooled lithium lead N
(WCLL) and the dual coolant lithium lead (DCLL). Farina S

CEA’s nuclear analysis approach is based on the Su ~

TRIPOLI-4® Monte Carlo code [5] and the JEFF-3.2 [6]

A
nuclear data library. This was validated in pregibiCLL / [ ]
nuclear analysis [7]. The TBR evaluated in thislysig, /'
based on the DEMO 2014 baseline, is equal to b&ldw Tmgsten G
the target value of 1.1 [8]. To improve the tritium W /
production, design modifications have been investid. s

The reduction of the steel amount and the optincisaif
the manifolds scheme (to increase to breeding 2088)
the main options.

To model the different breeding blanket design
variants an automated procedure was developed tc

generate the internal structures in an empty setatien. ' 4 )

Three designs with TBR= 1.1 (with DEMO 2014 [~

baseline) have been identified: one called optithize Cosling Pltes

conservative (beer box concept,with internal hariab . .

and vertical stiffening plates, is kept) the secoated Fig. 1 HCLL DEMO equatorial outboard blanket module
advanced (vertical stiffening plates are removed) the The design of outboard equatorial HCLL module is
last called advanced+ (with horizontal stiffeningtes  shown in Fig. 1 [10]. Each HCLL blanket module dsts
only and no cooling plates). of an Eurofer [11] steel box formed by an U-shapiede
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composing the First and side walls FW (coated \aith are considered. An automated procedure, written in
mm tungsten layer), closed by two caps on the top a python, fills the empty blanket cells with the intel
bottom and on the back by a set of Back Plates é8d)  structures (FW, Caps, BPs, CPs, hSP, vSP, manjfolds
tie rods TR (for BSS attachments). This automated procedure allows to parametrizeBitie

to study different design. Fig. 3 shows a radidbjatal

cut of the tokamak with HCLL blanket. Fig. 4 shotlis
internal structure: stiffening grids, cooling pktéack
plates and manifolds of the 2014 reference HCLligtes

The blanket module structure is reinforced by aein
grid of vertical and horizontal Stiffening PlategSP,
hSP). The Stiffening Plates defines an array cdrivdl
cells where the Breeder Units (BU) are located. The
eutectic Pb-Li (enriched 90% %hi) flows around parallel
horizontal Cooling Plates (CP). An inlet and anletut =]

chamber on the Breeder Unit back plate ensureetigrh ﬁ ol

distribution and collection for the Cooling Platesttom
part of Fig. 1). All the plates, except the baclktes
constituting the manifolds, have internal coolihgnels
with a rectangular section.

The reference design used in previous analysis [7]
(called ref. 2014) has three cooling plates peedireg
unit and three helium manifolds: one for the fustl, one 4
for the stiffening plates and one for the coolitates; the
TBR obtained is 1.08 (this higher value compared to L
results of [7], 1.07, is due to geometrical error ||
corrections). Three design variants to improve TB&R -
have been defined. Firstly, the optimised-consergat
that keeps the beer box concept (i.e. hSP and vigp g [
but reduces the number of CP (2) and helium matsfol it
(2, FW is feed directly from the BSS). The advanced w "| \
concept has the same number of CP and manifoldbéut
vSP are removed. The third called advanced+ hag onl
one manifold; CP and hSP function are merged inira t
hSP (8 mm instead of 14 mm). With the DEMO 2014
baseline the TBR achieved are respectively 1.114,1.
1.15. The two advanced concepts are very promising
tritium  production but thermal, hydraulical and (1] I |
mechanical analyses [10] show some drawbacks i@ cas Gl |GlalE &
of LOCA (lose of stiffness in caps area) and pressu  Fig. 4 poloidal-radial cut of a breeding unit desigf. 2014
drops increase. Design developments are neededvio s with 3 CP and 3 helium manifolds
these problems. The optimized-conservative dedignso

0y

Fig. 3. TRIPOLI-# plot of the EU DEMO1 2015 HCLL
model

5| K
€] klele

a robust solution to meet all the criteria and st i % Results
considered as the reference design 2016 (ref. 2016) In this section neutron wall loading, tritium bréegl
3. HCLL DEMO mode ratio, nuclear heating and neutron flux distribntio

obtained is presented.
The TRIPOLI-# EU DEMO1 2015 HCLL model is
based on a generic CAD model with empty blanket
developed at KIT [12]. The parameters of the stiidie First of all, the NWL was calculated. It is definbg
tokamak are presented in Table 1. Compared to thethe neutron current (normalised to the fusion pdwer
previous baseline more space for breeding blanket i crossing the first wall surface divided by the tfivgall
available (minor radius is higher and divertorrizadier). area; NWL is expressed in MW/m2. To avoid the back
scattering of neutrons in the current tallying (cloe
reflective surface) the neutrons must be killederaft

4.1 Neutron Wall loading

Table 1. Main parameters of the DEMO reactor.

Major radius, (m) 9.072 passing through the first wall. Leakage conditiahfirst
Minor radius, (m) 2.927 wall surfaces are used in TRIPOLY:4

E:szg terligrrlgﬁ:aorﬂy é‘gg Fig. 5 shows the obtained poloidal NWL. It was
Fusion power, (MW) 2'037 estimated on each BBM first wall surfaces numbédréal
Net electric pé)wer (MW) 5006 15 (see Fig. 3). The maximum value 1.4 MW/m? is

obtained in the outboard equatorial module, NWL at
The segmentation CAD model developed by the Inboard equatorial module is around 1.2 MW/mz2

HCLL design team has been implemented in the generi Averaged breeding blanket NWL is 1.01 MW/m2,

model using the SALOME platform [13]. The TRIPOLI-

4® model was generated using the CAD import tool

McCad [14]. To ease CAD import only empty modules
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Fig. 5. NWL poloidal distribution
4.2 Tritium breeding ratio

The TBR was evaluated for the different HCLL design
variants and different DEMO baselines, results are
presented in Table 2. The new baseline has a stron
impact on TBR, using the same BU design with 3 &irb
3 manifolds (MF) the TBR increase by +0.07. Thidug
to a smaller divertor and higher minor radius thatease
the space for breeding blanket. Nevertheless tBR T
margin will be consumed considering future probable
modifications (high heat flux panel, second diverétc.).
HCLL ref. design 2014 and 2016 are not directly
comparable (see * below table 2). Advanced dedigns
good TBR performance but thicker caps must be
considered to draw a conclusion.

Table 2. TBR for different design options

HCLLBB #CP #MF vSP DEMO TBR
design baseline

Ref. 2014 3 3 yes 2014 1.08
Ref. 2014 3 3 yes 2015 1.15
Ref. 2016 2 2 yes 2015 1.17
Adv.” 2 2 no 2015 1.21
Adv.+ - 1 no 2015 1.20

“In these cases BZ thickness was reduced by 31 ninctease BSS
thickness, MF thickness is divided by 2 and stifigrplates thickness
are increased from 11 mm to 14 mm

Back supporting structure CFD analysis showed too
much pressure drop in the inboard. A study wasezhrr
out to increase inboard BSS thickness with the aiivie
to keep the same TBR value. The strategy employéal i
reduce the inboard BZ and counterbalance the TBR lo
by outboard BZ thickness increase (outboard BSS

decrease). It have been shown that TBR can be kept

reducing inboard BZ thickness by X mm and incregsin
outboard BZ thickness by X mm with X < 60 mm.

4.3 Nuclear Heating

in EU DEMO1l 2015 HCLL

Nuclear heating

components are reported in Table 3. The energy

multiplication factor (M) is 1.2. Only results obtained
with the ref. 2016 HCLL design are reported, thare
very slight difference with the other designs.

Table 3. Nuclear heating breakdown
Components BBMs BSS VV Div.
NH in MW 1725 42 70 115

Tot.
1960

The poloidal NH distribution within each BBM range
from 0.8 MW to 3.5 MW (the maximum value is obtaine
in the outboard equatorial module).

4.4 Inboard shielding analysis

In this part only the HCLL ref. 2016 design was
studied (no significant impact in the rear parttbé
machine of the BB design is expected since theroeut
flux in the BSS is quite similar). The neutron fi{big. 7),
nuclear heating (Fig. 6), displacement damage (Féte
8) and helium production (Fig. 9) have been catedla
along the inboard mid-plane. For a proper calooifati
mesh tally function was not used (to avoid quantity
averaging over different materials in a mesh), the
geometrical cells were discretised (5 cm thickneshg
nuclear quantity is averaged on a poloidal hei@B0acm
(from z=10 to z=60 mm). Variance reduction techeigu
were used in TRIPOLI® simulation to obtain results

ith reasonably low statistical errors up to theoidal
ield coil region (lower than 5%). Functionalitygsented
in [15], addressed to coupled neutron photon trarsp
biasing, was very useful to set the variance redoct
options. Only neutron transport was biased, bug thi
functionality, which is a diagnostic tool, show® threa
where neutrons collisions generate photon thatiturté
to the tally. This area of interest is locatedha front of
the Toroidal Field Coil (TFC) casing along a large
poloidal height (several meters). A surface attia¢an
infinite cylinder centred in the tokamak axis wétlmadius
corresponding to the TFC location) was used to awer
the neutron transport in this region.

The table 4 shows the main quantity obtained and
criteria defined in [8], the HCLL ref. 2016 desigret all
the criteria.

Table 4. Main quantity in the first 5 cm aadteria

FwA BZ MF VvV TFC
DE>1mey  5.810% 5.310% 7.2108 3.1108 3.6 10°
n.cn.s?t 1.10°
NH 20 6.9 0.3 1.26 1.80°
W/cm? 5.10°
DPA 11.2 9.3 0.5 8.0? 6.810°
dpa/fpy 0.46?
He prod. 110 77 0.5 15 3.310°
appm/fpy 0.64°

tin the tungsten armor
2criteria is 2.75 dpa for 6 full power year (fpy)
Scriteria isl appm for 1.57 fpy

A simulation was done with a thicker BSS (+ 35mm
of helium to reduce pressure drop in the inboar® BS
4.2) to evaluate the impact on NH in coils. Thigkbr
BSS increase by +6W/fthe NH in coils i.e. 22 W/
still below the limit. The other criteria are alset with
this geometry.

In this study BSS cells are homogeneous. Future

works will focus on a better modelling of the BS® t
verify the shielding requirement in the inboard midne.
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Conclusions

This paper presents the nuclear analysis of thelHCL
blanket with the new DEMO baseline. Several bregdin
blanket design variants were studied to improve the
tritium production. A reference design which is a
compromise between TBR performance and mechanical
robustness was completely analysed. This desigrathet
the neutronic requirements. Future works will foaus
the advanced designs precisely the impact of thickps
(that withstand LOCA loading) on TBR. A better
modelling of the BSS is underway to verify its iapan
inboard shielding.
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