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ABSTRACT 

There are four breeding blanket concepts for a 
fusion DEMO reactor under development within the 
framework of the fusion technology programme of 
the European Union (EU). This paper describes the 
design of these concepts, the accompanying R+D 
programme and the status of the development. 

1. INTRODUCTION 

The fusion demonstration reactor (DEMO) is de
fined as the unique step between ITER and a com
mercial fusion power plant. Breeding blankets in 
DEMO have therefore to demonstrate the reliable 
operation of all nuclear components including the 
entire tritium cycle. They have to be tested in the 
next step machine i.e. ITER. Therefore, the EU is 
engaged since 1989 in a programme to develop and 
select the most attractive blanket concepts for ap
plication in power reactors to be tested in ITER. 
Four candidate blanket concepts are being devel
oped within the framework of this programme with 
the intention to perform an independent assessment 
in 1995 in order to select the two most promising 
concepts. The goal of the programme beyond 1994 is 
to develop these concepts, define and perform suit
able tests and finally to build representative test 
modules for ITER. The common basis for the blanket 
selection process is a DEMO-reactor specified by a 
Test Blanket Advisory Group (TAG). This specifica
tion is listed in the following chapter. 

2. DEMO SPECIFICATION 

This specification is not the result of a detailed 
reactor study but a set of boundary conditions and 
minimum requirements for breeding blankets. Ta-

ble 1 [1] shows the main parameters of DEMO, 
largely derived from NET (Next European Torus). 

Table I: Selected DEMO specifications 
Major radius [m] 6.3 

Minor radius [m] 1.82 

Aspect ratio 3.45 

Plasma current (MA] 20 

Fusion power [MW] 2,200 

Average neutron wall loading 
[MW/m2] 

2.2 

Average surface heat flux 
[MW/m2] 

0.4 

Operating mode continuous 

Impurity control double-null 
divertor 

First wall protection none 

Number of TF coils 16 

Toroidal magnetic field on axis 
[T] 

6 

Number of segments 32 inboard, 
48 outboard 

Blanket/shield thickness [m] 1.18 (inboard), 
1.86 (outboard 

The minimum requirements specified for all 
blanket concepts are: 
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Fig. 1 BIT Solid Breeder Blanket 
Vertical Croti Section 

heat produced in the vessel wall, the beryllium and 
the baffle. Once having attained the bottom end of 
the module, it reverses direction and flows upwards 
through the breeder tube bundle before exiting the 
module at 520 °C. The stagnant helium gap between 
the bundle hexagonal shroud and the circular baffle 
provides a thermal insulation which limits the heat 
losses from the hotter upflowing to the colder 
downflowing coolant. 

The purge gas, helium at a pressure close to the 
coolant one, flows inside the breeder tubes through 
the central hole of the annular pellet stack. After be* 
ing fed to an inlet chamber located at the top end of 
the module, it flows first downwards in half of the 
bundle tubes, reaches an intermediate chamber 
welded to the bottom end of the tubes, and then flows 
upwards in the other half of the bundle tubes up to 
an outlet chamber connected to the outlet header. 

The generic breeder module of the front rows dif
fers from the above design mainly by the arrange
ment of the beryllium blocks. Indeed, Be/steel braz
ing or mechanical attachement being not well suited 
to the accomodation of the large swelling rates ex-
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Fig. 2 BIT Solid Breeder Blanket, Horizontal Cross 
Section of Outboard Segment 

pected from this material in regions of high fluence, 
the beryllium in form of quarters of an annulus 
sintered blocks, has been placed inside the pressure 
vessel between two concentric steel tubes surround
ing the breeder tube bundle. A narrow gap is pro
vided between the beryllium blocks and the outer 
tube so as to accomodate Be swelling, while the out
er side of t" a inner tube is equipped with helical 
wire spacers which create a stagnant helium gap for 
thermal insulation purposes. If needed, this beryl
lium zone can be actively purged (by helium drawn 
directly from the coolant at the bottom of the mod
ule) in order to minimize the permeation to the cool
ant of the tritium produced within the beryllium. 

The module assembly is contained in the seg
ment box whose first and side walls are equipped 
with toroidal/radial cooling tubes connected to 
poloidal headers located at the back of the blanket. 
This segment box is separately cooled with helium 
at 6 MPa and 250/310°C inlet/outlet temperature, 
but from the steam generator viewpoint, the two cir
cuits are in series. 



tubes cooling the box walls, including the first wall, 
depart. After having cooled the box walls, the he
lium enters poloidal manifolds from which is distrib
uted to the cooling coils of the beryllium/I^SiC^ 
pebble beds. Thereafter, the coolant is collected in 
poloidal tubes and exits the segment at the top. The 
box walls are cooled alternatively by the two inde
pendent cooling systems running in opposite direc
tions to avoid large poloidal deformations of the first 
wall due to the temperature increase of the helium 
coolant in toroidal direction. Also in the pebble bed 
region two adjacent layers are alternatively cooled 
by the two independent systems. This time, how
ever, running in the same direction. The tritium 
purge flow at 0.1 MPa runs in radial direction 
through the pebble beds from the the front towards 
the back of the blanket. A separate high pressure he
lium system parallel to the main one, is used to cool 
the shield at the back of the segment (Fig. 4). 

3.2 Liquid Metal Breeder Blankets 

Lithium containing liquid metals i.e. lithium or 
the eutectic lead lithium alloy Pb-17Li are attrac
tive breeder materials [4]. They have a number of in
herent advantages compared to solid breeder mate
rials; such as high tritium breeding without the 
need for an additional neutron multiplier (beryl
lium), high thermal conductivity, immunity to irra
diation damage and the possibility to bring the 
breeder material outside the blanket for tritium ex
traction. 

The main disadvantages of liquid metal breeders 
are their chemical reactivity with water and a num
ber of gases, the influence of the magnetic field on 
liquid metal flow and the difficult tritium control. 
For safety reasons only the eutectic lead-lithium al
loy Pb-17Li is considered in the European blanket 
development programme. A liquid metal breeder 
blanket using Pb-17Li as breeder material cooled by 
helium is an interesting alternative to water-cooled 
blankets for the application as convertible blanket 
in ITER [5]. This combination, however, has a limit
ed potential for power reactors. The blanket develop
ment programme in the EU has been concentrated 
therefore on a water-cooled Pb-17Li concept and a 
dual coolant concept using a helium-cooled first wall 
and a self-cooled Pb-17Li breeding zone. 

3.2.1 Water-cooled Pb-17Li concept 
Water-cooled lithium-lead blankets, using liquid Pb-
17Li eutectic as breeder and neutron multiplier ma
terial, and 15.5 MPa-pressurized water as a coolant, 
are based on the idea of exploiting a well-known nu

clear technology for the power-convertion cycle and 
of using a coolant which is acceptable for all reactor 
components (divertor, shielding, vacuum, vessel, 
etc.). At present, the EU reference concept for this 
line of blankets is the so-called "single-box" concept 
[6,7]. In this concept a sample segment is essentially 
formed by a directly-cooled steel box having the 
function of Pb-17Li container, and by a U-tube bun
dle immersed in the liquid metal, in which flcvi the 
water coolant. Radial and toroidal stifFeners are add
ed to the box in order to withstand the disruption-
induced forces, and, at the same time, the Pb-17Li 
weight and the water-pressure under faulted condi
tions (see Fig. 5). 
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Fig. 5 Water-Cooled Pb-17Li Blanket 
Vertical Cross Section 

The segment-box is directly cooled with an in
dependent circuit. Tho cooling tubes are inserted 
and soft-brazed in toroidal holes which are drilled in 
a single steel plate. This plate is bent to form first 
wall and both side walls in order to minimize 
coolant-tube welds, and to ensure that two barriers 
are present between pressurized water and plasma 
chamber. The segment-box coolant flows through 
vertical headers, located behind the back plate. All 
welds are placed in a double-wall system, providing 
leak detection through the use of an inert gas. 

The cooling water in the Pb-17Li pool flows 
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 ba-



operational liquid metal loops and the difficulty to 
keep the breeder material liquid under all condi
tions (guard heating). For all these reasons a dual 
coolant concept has been selected [7,10] which em
ploys helium cooling of the first wall and a self-
cooled Pb-17Li breeding zone. It is bat», d on the fol
lowing principle: 

a) Real double containment of the liquid metal 
with a monitoring space between the two 
walls, 

b) single walls allowed between plasma and he
lium but not single welds, 

c) each weld allowed to leak without requiring 
an immediate shut down of the machine and a 
blanket exchange, 

d) liquid metal ducts designed for the full gas 
pressure to avoid damage propagation in the 
case of gas leaks without fast pressure relief, 

e) malfunction of one cooling loop must not lead 
to temperature rises in the blankets requiring 
an exchange. 

These criteria are met with the design shown 
in Fig. 7 and 8. The concept is characterized by a U-
shaped first wall with helium cooling channels in 
toroidal direction forming together with the helium 
manifolds a box which contains a grid of steel plates 
.creating large poloidal ducts for the liquid metal 
breeder. The box shown in Fig. 7 is fabricated by dif
fusion welding and provides a real double contain
ment of the liquid metal. A blanket segment is con
structed by welding together sections of the U-
shaped box fabricated with a poloidal height of ap
proximately 1 meter (Fig. 8). The design and tech
nology of the welds between sections is an important 
detail of the concept. It is anticipated to use electron 
beam welding to obtain two independent welds with 
a monitoring gap between. Monitoring of the pres
sure in this intermediate gap allows to detect a leak 
in one of the welds at a time when the liquid metal is 
still contained by a second weld. An other benefit of 
the design is the position of the weld at the sidewalls 
of the rectangular helium channels, avoiding any 
weld between helium and the plasma chamber. Both 
principles - no weld between helium and plasma, re
dundant welds between liquid metal and plasma -
are employed throughout the entire segment and re
sult in improved safety and reliability of the blan
ket. 

Helium cooling of the first wall is divided into 
two completely independent loops. Every second 
cooling channel i t connected to one of the loops 
which leads to lower first wall temperatures in case 
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Fig. 7 Dual Coolant Pb-17Li Blanket, Horizontal 
Cross Section of Outboard Segment 

Fig. 8 Dual Coolant Pb-17 Li Blanket 
Vertical Crow Section 



present as impurity in the original Pb-composition 
and/or build-up from neutron irradiation of lead. Re
cent experiments [15] have shown that the release of 
polonium is determined by the vapour pressure of an 
inter-metallic Po-Pb compound which is orders of 
magnitude lower than that of polonium. Therefore, 
the release of 2 1 0 Po is by far not as critical as it was 
expected a few years ago. Nevertheless, it is desir
able to develop on-line Bi-removal techniques in or
der to limit the Bi-level to 1 ppm resulting in ap
proximately 0.1 ppb of 2iop0, without needing to re
move polonium itself. 

A second common issue are the coatings of the 
structural materials required either as a tritium 
permeation barrier in water-cooled blankets or as an 
electrical insulator in self-cooled concepts. For both 
purposes an alumina layer with an aluminium-rich 
sublayer is envisaged. The fabrication technology of 
such duplex layers, their compatibility with Pb-17Li 
and especially their long term performance under ir
radiation have to be investigated further. 

4.2.1 Water-cooled blanket ' 
Tritium permeation towards the water coolant is the 
main critical issues for this concept. If no specific ac
tions were taken on the cooling tubes, the tritium 
permeatior towards the water could be some tens of 
grams per day, while cost and plant size consider
ations for tritium extraction from water suggest to 
limit the rate to about 1 g/d. Considered solution is 
the use of permeation barriers on the outer and/or 
inner surface of the cooling tubes. 

The efficiency of TiC-layers and of pack-
cementation aluminisation on AIS1316-L substrate 
measured in out-of-pile experiments (reduction of 
the T/H permeation rate of some orders of magni
tude [16]) could not entirely be confirmed in recent 
in-pile tests [17] performed in presence of Pb-17Li in 
the HfR reactors (reduction of a factor 15 for the best 
barrier, the aluminisation one). The present activity 
in this field is focused on the development of coat
ings for martensitic steel substrate [18] and of fab
rication methods for complex substrate geometry 
and with some self-healing characteristics. 

4.2.2 Dual coolant concept 
The main feasibility issue of this concept is the elec
trical insulation between the flowing liquid metal 
and the load carrying duct walls. The most attrac
tive solution are insulating coatings on the duct sur
face. Candidate material for use in contact with Pb-
17Li is alumina. Estimates [19] showed that a 
resistivity in the order of 10* ftxn assuming a layer 

thickness of 1 um would be sufficient for the reduc
tion of the magneto-hydro-dynamic pressure drop. 
This value is at least five orders of magnitude lower 
than the resistivity of pure unirradiated alumina. 
How.ver, it is known [20] that the Radiation In
duced Electrical Degradation (RIED) caused by the 
combination of electrical field, damaging irradia
tion, and ionizing radiation causes already at low 
fluences a large decrease of the electrical resistance 
of ceramic materials. This has to be quantified by 
suitable irradiation test, using ion-accelerator 
sources as well as fission reactors. Another crucial 
issue of coatings is the influence of imperfections 
(cracks, spallations) on the liquid metal flow. Esti
mates showed that such imperfections, which can 
probably not completely be avoided, are tolerable on
ly if there is a sufficient self-healing mechanism. 
The idea is, that there is an aluminum-rich sublayer 
below the ceramic coating, which, if exposed to the 
liquid metal, reacts with the oxygen dissolved in it. 
This would lead to the growth of a ne- layer of alu
mina. This mechanism and its kin v e opera
tion temperature has to be prover .. îmenially. 

5. CONCLUSION 

The blanket development programme of the EU 
has provided a coherent data base for an assessment 
of the four DEMO blanket concepts under develop
ment. It has been shown that tritium self-sufficiency 
can be achieved with all four concepts and that an 
average neutron wail load of 2.2 MW/m2 is accept
able for martensitic steel as structural material. 
Most of the remaining open questions are in regard 
to the irradiation behaviour. There are still some 
feasibility issues which have to be investigated be
fore a final selection can be made. 

A crucial issue for solid breeder blankets is the 
behaviour of beryllium and ceramic breeder materi
als under irradiation. 

Both liquid metal breeder blankets depend on 
the feasibility and reliability of coatings which have 
to reduce tritium permeation (water-cooled blan
kets) or MHD pressure drop (self-cooled blankets). 

The blanket development programme should be 
focused on these issues before a detailed develop
ment of blanket test moduli for ITER can be started. 
The reason for this is that only concepts having the 
potential to become attractive blankets for a power 
reactor are worth to be tested in ITER. 


