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Water cooled lithium lead blankets, using liquid Pb-17Li eutectic both as breeder and neutron multiplier 
material, and martensitic steel as structural material, represent one of die four families under development in the 
European DEMO blanket programme. They are studied at CEA. in collaboration with ENEA and JRC-Ispra. In 
die past two concepts were proposed, bodi reaching tritium breeding self-sufficiency: the "box-shaped" and the 
"cylindrical modules", but diey were not designed to withstand die electromagnetic forces generated in a major 
plasma disruption. Also to diis scope a new concept has been defined:"the single box".-The segment box is used 
directly as Pb-17Li container widi additional radial toroidal stifftiers. In diis paper a neutronic analysis of the 
"single box" is presented. A full 3-D model including the whole assembly and many of the reactor details 
(divertors. holes, gaps) has been defined, together with a 3-D neutron source. A TBR value of 1.19 (no ports) 
confirms die tritium breeding self-sufficiency of die design. Selected power densities, calculated for the different 
materials and zones, are here presented. Some shielding capability considerations widi respect to the toroidal 
field coil system are presented too. 

1 INTRODUCTION 
The demonstradon of me technological feasibility 

of a D-T fusion reactor :s the objective of a 
DEMOnstration plant (DEMO), which is expected 
to be built, starting in the next thirty years. The 
blanket, as reactor component, should ensure: i) 
conversion of the neutron energy into heat power; 
ii) to breed an amount of tritium fora self-sufficient 
fuel cycle: iii) shield adequately die Toroidal Field 
Coils (TFC). 

In me European Test-Blanket Programme (started 
in 1989) a selection should be made by 1995 of two 
blanket designs to be tested in the ITER machine. 
Water cooled Pb-l7Li blankets represent one of the 
four families included in this programme. Three 
conceptual designs were under study: the 
"cylindrical modules" design [1], "die box shaped" 
design [2] and the "single-box" design [3], All the 
designs have been developed assuming same 
s p e c i f i c a t i o n s ( D E M O or DEMONET 
specifications), recalled in Table 1. The selection 
should refer more to the blanket lines than to the 

specific design concepts which depend on the 
presendy assumed DEMO specifications. 

Table 1 
Main DEMO specifications 
major /minor radius 
Fusion power 
Mean neutron wall load 
Operadng mode 
Operating time 
Impurity control 
Number of TF coils 
Number of segments 

Blanket+shield diickness 
Inboard 
Outboard 

6.3/ 1.82 meter 
2200 MW 
2.2 MW/m2 

continuous 
20,000 hours 
divertor. double null 
16 
48 outboard 
32 inboard 

117.6 cm 
185.6 cm 

Possibility to locate blankets behind die divertor 
Ports number and 
geometry (to be 10; at outboard 

considered only in die midplane. 3,4 m height, 
neutronic calculations) full sesment widdi 
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At the moment, the "single-box" design is 
considered the reference concept for the water 
cooled lithium lead line. 

For a design data completion, and in the frame of 
a more general CEA-ENEA collaboration in the 
Test Programme. ENEA has offered its expertise to 
perform a three dimensional (3-D) neutronic 
analysis of the concept, results of which are 
presented in this paper. 

2 GENERAL PRESENTATION OF THE 
"SINGLE BOX" CONCEPT 

The "single-box" concept has been at first [4] 
defined within the ITER framework. The basic idea is 
to use directly the segment box as Pb-17Li container. 
Radial and toroidal stiffners are added to: whh stand 
the electromagnetics forces generated during major 
plasma disruption: withstand the water pressure (15.5 
MPa) under faulted conditions. The plates in the box 
are perforated to allow free circulation of the Pb-. 
17Li. but the second toroidal plate-on the First Wall 
(FW) side acts as Hqid metal flow separator. 

Furthermore the water coolant flows in die Pb-17Li 
pool within U shaped Double Walled Tubes (DWT), 
both walls being able to withstand the water pressure 
in order to reduce the tube-rupture probability. The 
selected DWT diameters are 11.0/13.4 mm for the 
innermost tubes, and 14.2 /16.8 mm for the 
outermost ones, leaving 0.4 mm. for casing the wire 
mesh. Basic design foreses a gas flow between the 
two walls in order to promptly detect any leakage and 
stop the reactor. This advantage is paid for. with an 
increase in complexity because a gas circuit is added 
to water and the Pb-17Li circuits. The water 
inlet/outlet temperaure is 265/325 °C, the water 
velocity is limited to 7 m/s. The Pb-17Li flows 
downwards in the back part of the region and 
upwards in the front part (inlet outlet temperature 
325/265 °C). The cooling water flows in die opposite 
direction. 

There are 48 outboard and 32 inboard segments. 
Beside each inboard segment there are two smaller 
segments, behind the top and bottom divertor plates 
(the "divertor" segments). Preliminary thermal 
hydraulics calculations have estimated 205 DWT U 
cooling tubes for an ouiboard segment and 96 for 
inbooard, plus few tubes for the bottom divertor. 

The box cooling system is independent and toroidal. 
In the divertor region there is only one cooling 
circuit. The box of the divertor segment is infact 
indirectly cooled by the Pb-17 Li pool. Outboard 
segment has a thickness of 85 cm (excluding back 
plate), inboard and divenor ones of 55 cm. 

3 NEUTRONIC CALCULATIONS 

For the neutronic calculations, the MCNP Monte 
Carlo code has been used (version 4.2) [5], supplied 
with the library derived from the European Fusion 
File [6]. The code is particurarly appropriate to 
transport neutron and photons in complex 
geometries. 

A 3-D model has been defined, including the whole 
blanket assembly assuming DEMO specifications 
(except the pons not considered). One sector (1/16 of 
the torus) has been considered wiui proper reflective 
surfaces at the boundaries. In die model, there are 3 
outboard. 2 inboard and divenor segments. The top 
and bottom half of the torus have been considered in 
two separate runs, assuming vertical simmetry in 
each. The overall TBR is obtained as the mean value 
of the two runs. In figures 1,2 pictures of the model, 
as in MCNP. are shown. 

-400 -200 200 400 

Figure 1. Vertical section of the model as in MCNP 
(top half) 
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Figure 2. Horizontal section of the model as in 
MCNP (outboard blanket at midplane) 

Gaps in between the modules have been described 
(2 cm). The FW has been represented as a set of 
layers whose total full thickness is 16 mm for the 
martensitic steel (manet) and 2 mm of water. Side 
walls have been described in a similar way. taking 
the plates thickness from the available drawings. 

The divertor system has been represented as a set of 
plates attached to the blanket divertor box: from the 
plasma: W. Cu and manet. with thickness 5. 30 and 
40 mm. according to the DEMO specifications. 

The plasma neutron source has been modeled 
according to [7] and [8]. with an overall fusion power 
of 2200 MW. 

The U DWT has been described in detail, taking 
the double wall as one, with a proper material 
dilution. The poloidal curvature in the outboard 
blanket has been approximated taking three straight 
segments. 

Manifold regions have been considered composed 
of a diluted mixture of Pb-17Li, water and manet. In 
the bottom half of the torus the exhaust plasma 
opening has been considered. 

The main materials macrosopic density assumed 
are: manet 7.76 g/cm3; Pb 17Li 9.51 g/cm3 (90% Lis 

enriched); water 0.744 g/cm3. 

3.1 Tritium Breeding Ratio (TBR) 
A 3-D TBR value of 1.190 has been obtained (see 

table 2 for the detailed contribution). The fractional 
standard deviation is lower than 0.5 %. Ports are 
not considered. The presence of 10 ports can be 
taken into account considering a reduction factor as 
given in [9]. The estimated TBR value then is 1.13. 
which nevertheless, greatly assures tritium breeding 
self-sufficiency. 

This value, compared to 1.16 of the "cylindrical 
module" and of the "double box" designs, shows 
that the choice of the "single box" is the most 
promising from the TBR point of view, due to the 
greater blanket covarage and filling of the space 
available. 

In the system there is an overall neutron 
multiplication of 1.533 ( 1,362 from Pb): 

Table2 
TBR result bv zone 

half top 

half bottom 

total 

outboard 1 
outboard 2 
outboard 3 
inboard 
divenor 
outboard 1 
outboard 2 
outboard 3 
inboard 
divertor 

.193 

.144 

.107 

.138 

.033 

.188 

.140 

.078 

.138 

.031 
1.190 

3.2 Nuclear power deposition 
The nuclear (sum of neutron and photon) power 

densities, have also been calculated. Radial poloidal 
distribution in the various zone are available 
(figure 3, for an example). 

The maximum power density on manet is in the 
first layer of the FW at the midplane: 24 W/cm3. 
The W plate of the divertor facing the plasma 
reachs a power density of 34 W/cm3. These data 
compared to analogous for the solid breeder 
blanket, confirms that the presence of Pb reduces 
the nuclear heat deposition on structural materials 
(-15%)due to the photon absorption in Pb (very 
high atomic number). 

In the blanket there is an overall neutron energy 
multiplication of 1.25. 



Outboard Tsegmenttop 
Outboard 3° segment top 
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Figure 3.Nuc!ear power density on PB-I7LÎ in the 
outboard blanket (radial distribution) 

3.3 Shielding capability 
The shielding capability, with respect to the 

superconducting TFC system, of the "single box" 
concept has been calculated. 

At this purpose the 1 -D muhigroup ANISN code 
has been used, supplied with a 213 groups neutron 
data derived from EFF-1 (175 n+ 38y) [10]. The 
analysis is focused on die inboard magnet, the most 
critical for the shielding. In the geometrical model 
these data are assumed as given, according to 
DEMO boundary conditions: 

-thickness of blanket+shield (inboard) 117.6 cm 
-equivalent thickness of removable shield 15cm 
-fixed shield composition: 707o manet 30% water. 

Table3 
Shielding capabilities for different blankets 

limit 
CM 
BS 
BIT 
"sinele box" 

a b 
5 6 
2 3 

0.3 0.5 
2 3 

0.7 0.7 
a: winding pack max heating (mW/cm3) 
b: maxCudpa(10-3) 

Given figures are: maximum heating on 
superconducting coils and maximum dpa on copper 
(after 20.000 hours of irradiation). Results are in 
table 3, together with alowable limits (as defmed in 

NET), compared with other blanket concepts: the 
"cylindrical modules" design (CM), "the box 
shaped" design (BS) and the Breeder Inside Tube 
(BIT) solid breeder (fLiAlOi) blanket design. 

Higher shielding capability oT the two "box" 
liquid breeder concepts is expected due to their 
higher filling factor. The "box shaped" iboard 
blanket has. also, the advantage to be longer 64 cm 
instead of 55 of the "single box". 

4 CONCLUSIONS 
From the performed 3-D neutronic analysis in a 

very detailed geometrical model, it can be said that 
the "single box" water cooled liquid breeder assures 
tritium breeding self-sufficiency. When 10 pons are 
considered (taking a corrective factor of 0.95). the 
value of 1.13 assures still a sufficient margin of 
safety. 

Morover. it has great shielding capabilities 
towards the superconducing TFC system, especially 
compared to other breeder concepts. 

These results are mainly due to the good blanket 
covarage. and capability to fill the space available 
together with the good qualities of neutron 
multiplication of Pb and neutron moderation of 
water. 
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