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The Blanket Comparison and Se lect ion Study (BCSS), led by Argonne National

Laboratory, i s conducting comparative evaluations of candidate blanket concepts

for tokamak and tandem mirror reactors . This paper addresses the water-cooled

concepts; others are discussed in separate papers at th is conference.

Four concepts have been evaluated: (1) l i thium oxide breeder (Li 20) with

and without beryllium neutron mul t ip l i er (Li2<VH20, LipO/HJVBe); (2) ternary

oxide ceramic breeder (y-LiA102) with beryllium neutron mul t ip l i er (LiAlO^/

H20/Be); (3) Y-LiA102 with lead neutron mul t ip l i er (LiA102/H20/Pb); and

(4) 17Li-83Pb breeder without a separate neutron mul t ip l i er (LiPb/H20). Candidate

structural materials are a u s t e n i t i c s t a i n l e s s s tee l (PCA), f e r r i t i c s tee l (HT-9),

and vanadium a l loy (V-15Cr-5Ti). The pressurized water coolant i s assumed to be

at 280°C i n l e t , 320°C o u t l e t , and 15.2 MPa design pressure.

For the Li2/H20 and LiA102/H20/Be concepts, key i ssues in design approach

s e l e c t i o n are bas ica l ly the same: tr i t ium release from the breeder; tr i t ium

permeation into the coolant; breeder-to-structure interface control ; tr i t ium

breeding rat io (TBR); r e l i a b i l i t y against l eaks; breeder fabricat ion and con-

f igurat ion . To maximize TBR, a breeder-outside-tube (BOT) approach has been

s e l e c t e d , with the coolant contained in small-diameter tubes - - double-walled (DWT)
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to increase re l iabi l i ty — surrounded by breeder. The breeder is fabricated

in sphere-pac configuration, a graded mix of 100% dense spherical particles

of three different diameters. This permits adequate trit ium release and

predictable breeder-to-structure thermal conductance. Tritium permeation

into the water coolant is a major concern: recent experiments indicate solid

breeders may release diatomic tr it ium as the dominant specie. Adequate tr i t ium

removal rates must be provided and coolant tr i t ium contamination must be main-

tained at acceptably low levels. This may require both effective barriers

against tr i t ium permeation (oxides) and a means for rapid oxidation of the

trit ium within the blanket.

The preliminary reference design for the LiJVHJD concept (tokamak version)

is shown in Figure l (a ) ; designs for the LigO/HgO/Be and LiAlOg/hLO/Be concepts

are similar. HT-9 fe r r i t i c steel is the reference structural material. The

major uncertainty in this choice is the ducti le-bri t t le transition temperature

(DBTT) under irradiation at operating temperatures. Three-dimensional TBR

(100% coverage) for the Li20/H20 concept is <1.05, considered unacceptable for

this study. The addition of 6 cm of Be results in TBR > 1.20 (considered

attractive) for the Li20/H20/Be and LiA102/H20/Be concepts.

The LiA102/H20/Pb concept was investigated to determine the viabi l i ty of

a lead neutron multiplier with solid breeders. The preliminary reference design

(tokamak version), shown schematically in Figure l (b ) , consists of PCA stainless

steel pods f i l l ed with liquid lead which surrounds coolant tubes and breeder

tubes.

Key issues for the concept are coolant tube re l iab i l i t y , l iquid metal em-

brittlement (LME), corrosion, and operating d i f f icu l t ies. Tube re l iab i l i ty can

be improved through the use of DWT. The use of HT-9 instead of PCA would increase



maximum allowable temperature based on corrosion l imi ts; however, LME is a

concern for both materials. Operational di f f icult ies appear to be generic

to the combination of lead (327°C melting point) and water coolant. Lead freeze-

up, which could break breeder and coolant tubes, must be prevented by the operator

during shutdown periods. Higher coolant temperatures would alleviate the

problem somewhat, but would sharply increase coolant operating pressure.

Pressurized water has been considered as a separate coolant for LiPb. The

viabi l i ty of the concept has not yet been established. First-order investigations

of tr i t ium permeation into the coolant, the most important concern for the concept,

are being conducted. The low solubil i ty of tr i t ium in the LiPb breeder leads

to relatively high tritium partial pressures in the blanket. As a result,

permeation rates through single-wall coolant tubes are high. Multiple-wall tube

assemblies are being investigated. Their feasibi l i ty wi l l depend on trit ium

oxidation rates within the actively purged annuli and the effectiveness of

oxides as tr i t ium barriers.

The Li20/H20/Be and LiA102/H20/Be concepts compare favorably overall to

other concepts being evaluated, and are being developed further for tokamaks

and tandem mirrors. The LiAlOg/HJD/Pb concept appears less attractive, and wi l l

not be studied further. For the LiPb/HpO concept, concerns regarding trit ium

permeation into the coolant must be resolved before i t can be pursued further.

The paper wi l l discuss the reference designs and results of key issue investi-

gations for al l water-cooled concepts studied.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


