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Four concepts have been studied for the ITER convertible
blanket:

-Layered concept

-Blf(Breeder-lnside—Tube)concept

-BOT {Breeder-oOut of-Tube}concept

-BOT/mixed concept.

All concepts use ceramic breeder and beryllium neutron
multiplier, both in the shape of small spherical pebbles, 3168S
structure, and HO cooclant(inlet/cutlet temperatures:lOO/lSOt,
pressure:2 MPa). During the BPP, only peryllium pebbles (the primary
pebble in case of BOT/mixed concept) are filled in the blanket for

shielding purpose. Then, before the EPP operation, breeder pebbles
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will be additionally inserted into the blanket. Among possible
conversion methods, wet method by liquid flow seems expecting for
high and homogeneous pebble packing. Preliminaray 1-D neutronics
calculation shows that the BOT/mixed concept has the highest breeding
and shielding performance. However, final selection should be done by
R&D’s and more detail investigation on blanket characteristics and
fabricability.

Required Ra&aD’s are also listed. With these efforts, the
convertible blanket can be developed. However, the following should
be noted. Though many of above R&D’'s are also necessary even for non-
convertible blanket, R&D’s on convertibility will be one of the most
difficult parts and need significant efforts. Besides the
installation of convertible blanket with reguired structures and
lines for conversion will make the ITER basic machine more

complicated.

Keywords:ITER, Blanket, Convertible Blanket, Ceramic Breeding,
Layered Concept, Pebble Bed, BIT Concept, BOT Concept,

BOT/mixed Concept
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1. Blanket Concept

Four concepts have been investigated for the convertible bianket:
(1) layered concept, (2) BIT (breeder-inside-tube) concept, (3) BOT
(breeder-out of-tube) concept, and (4) BOT/mixed concept.

All concepts use ceramic breeder and Be neutron multiplier in

the shape of small spherical pebbles. In the layered concept (Fig.
-1), breeder pebble layer contained in SS can and Be pebble layer
are alternately placed. Beryllium layers adjacent to a breeder layer

also work as a thermal resistant layer for maintaining breeder

temperature within an allowable range. Cooling panels are provided

between Be layers to remove heat generated in the blanket. In the

BIT concept (Fig. 2), double-tubes are embedded in Be pebble bed.

Breeder pebbles are filled, via He gap for breeder temperature

‘control, inside the inner tube. Coolant is provided in-between inner
and outer tubes. The BOT concept (Fig. 3) consists of breeder

pebble bed and Be pebble bed, which are separated by partition

wall, and coolant tubes arranged according to attenuating heating

rates in the blanket. For breeder temperature control, He gap is

provided around the coolant tube. The configuration of the
BOT/mixed concept (Fig. 4) is similar to-that of the BOT concept ,

but no separation wall between breeder and Be.. This concept

employs binary pebble bed with primary pebble made of Be (2 mm

in diameter) and secondary pebble which is the mixture of ceramic

breeder and Be pebbles with volumetric ratio of 25/75 and 0.1-0.2

mm in diameter. (For the first three concepts, single diameter, < 1

mm, pebble is used. However, binary pebble bed could also be

applied if it is required in terms of breeding and shielding

performance.)

Design parameters above candidates are summarized in
Table 1. All concepts use 316SS structure and H20 coolant with
inlet/outlet temperatures and pressure of 100/150 °C and 2 MPa,
respectively, to meet the design requirements of ITER. Lithium
oxide (Li2Q) is primary candidate for the ceramic breeder with
ternary ceramic materials, such as Li2ZrOz3, Li4SiO4 and LIAIO2, as
alternatives. In case of BOT/mixed concept, LigSiO4 or other
ternary ceramics might be in place of Li2O for their wider allowable

temperature range to be in contact with Be.

__1_
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2. Conversion Method

These blankets are to be installed with only Be pebbles (the
‘primary pebble in case of BOT/mixed) filled for the shielding
purpose during the Basic Performance Phase of ITER. The region
to be filled with ceramic breeder pebbles (the secondary pebble in
case of BOT/mixed) is remained as voids during this phase. Then
ceramic breeder pebbles (the secondary pebble) are additionally
inserted into the voids in the blanket before the Enhanced
Performance Phase. The He gas line for tritium purge will be also
used as a supply line of ceramic breeder pebbles to the blanket.
Concepts of the convertible blanket and the blanket in conversion
process are illustrated in Figs. 5 and 6, respectively.

There are several methods for the conversion (breeder
supply) such as wet method by liquid flow, dry method by gas flow,
and mechanical method by gravity and/or mild gas flow with
vibration. Table 2 summarizes advantages/disadvantages of these
methods. Among these, the wet method seems expecting to obtain
high and homogeneous packing of pebbles. However, selection of
the liquid compatible with ceramic breeders and dry-out of the liquid
after breeder packing are major issues for this method. Table 3
shows examples of candidate liquids for the wet method. Final
selection of the conversion method will be done based on the
results of R&D.

3. Neutronics Performance

" Preliminary 1-D neutronics calculation have been performed
for breeding and shielding performance of the candidate concepts.
Calculation mode! is shown in Fig. 7. The results are indicated in
Tables 4-6. Although the internal configuration of each blanket
concept is not fully optimized yet, a comparison of each
performance can be roughly summarized as follows:

1) The BOT/mixed concept has highest breeding and shielding
performance due to its high packing fraction (80 %) of breeder
and Be. (Pebble packing fraction of other three concepts are 65
% with single diameter pebble.)

4_2_.
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2) Local TBR's are 1.13 for the layered, 1.34 for the BIT, 1.38 for
the BOT, and 1.48 for the BOT/mixed.

3) With breeder, relative shielding performance to the BOT/mixed
is 77 % for the layered, 65 % for the BIT, and 64 % for the BOT.

4) Relative shielding performance without breeder (the secondary

pebble in case of the BOT/mixed) to the BOT/mixed with the

secondary pebble is 51 % for the layered, 61 % for the BIT, and
39 % for the BOT. | |

5) Though the shielding performance of the BOT without breeder
is the lowest, it can satisfy the shielding criteria for ITER TF
magnet.

Though the BOT/mixed has the highest neutronic performance
as mentioned above, high and homogeneous packing of binary
pebble would be more difficult than the packing of single diameter
pebble. Therefore, more investigation and trade-off between
performance and fabricability will be needed for the final selection of
the convertible blanket concept.

4. Conclusions

From the preliminary neutronics .calculations, it has been
found that all candidate concepts are applicable to the ITER
convertible blanket. Detail design of breeder pebble supply line for
the conversion process should be developed taking into account of
an interaction with the ITER basic machine. Further investigation to
optimize each concept in terms of neutronic, thermo-mechanical
and thermal-hydraulic performance will be needed for more precise
comparison. Also for the selection of the concept to be used for
ITER and verify the performance, R&D's of elementary tests, model
developments including fabricability, out-of -pile and- in-pile
performance (and lifetime) tests, and conversion process should be
performed. Table 7 summarizes required R&D's for the convertible
blanket. Many of these are also required even for non-convertible
blanket. However, R&D's for convertibility will be one of the most
difficult parts and need significant efforts, and the instaliation of
convertible blanket with required structures and lines for conversion
will make the ITER basic machine more complicated.
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Fig.5 Convertible Blanket Concept
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1-cm layer, where the nuclear
responses were calculated
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Fig.7 Neutronics Calculation Model



