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NEUTRONIC CALCULATIONS Neutron Flux and Tritium Breeding in a LiOD+D,0
blanket calculation The goal of the shield study is to reduce the thickness of the

D-T fusion requires production (breeding) of the . . . . " - :
gl P ( 9 « Al calculations were carried out using the ATTILA solver shield, to enable a more-compact fusion configuration.

:L;t::l:n rs::iltil:)sr:r‘%'rtilgieu;eg:;(;?j?nzr?)?::fgr_;nrﬂset b for radiation transport with the FENDL2.1 cross section
designed to surround the plasma, capture the library.
emitted neutrons and their energy, generate at least * In order to validate the accuracy of ATTILA and the
one triton per neutron from the plasma (TBR>1), and FENDL2.1 library, a comparison with Nishikawa et al.(1)
convey the heat to external generators to convert was undertaken for aqueous solutions of LiOD, in an
the fusion power to electricity. infinite cylindrical geometry.
The current main blanket designs use solid lithium- « Discrepancies in TBR results were found for the
bearing ceramics with beryllium as a neutron benchmarking. After several analyses, including
multiplier, or liquid lead-lithium, or liquid lithium. comparison calculations with the ANISN code, it was
This study will investigate the use of lithium-salts, concluded that the problem probably resides in the
either alone or in solution. oxygen cross sections of FENDL2.1.
« This error leads to an over-estimate of TBR at low Li-6
levels, and a slight under-estimate at high Li-6 levels.
« For natural lithium (7.5% Li-6), the TBR error between
ATTILA and Nishikawa’s paper is 1.2%.
+ Colleagues have not found problems for shield
calculations, where oxygen levels are very small.

Currently, the standard shield materials are WC with water, steel
and water (low cost). There has been a previous study of TiH,
and ZrH,.

The goal of the study is to look at additional materials: LiH, and
YH. However, FENDL2.1 doesn’t contain Y, but
The results shown below were obtained without using blanket.

Tritium Breeding Process

g e +  While this means that the detailed TBR results for
‘ compounds including oxygen are not accurate, larger CONCLUSIONS
/‘ trends may still be informative while awaiting the
e corrected cross-section library. 40deg Cross-Section of the Model * Novel lithium materials and solutions have been found that may

— allow thinner blankets and increased neutron-attenuation in the

@ ® i i 1 blanket.
- o o b + Composite shields, including both a reflecting layer containing

W, and a metal-hydride layer may allow a thinner neutron
shield.
+ The problem found in the cross-section library FENDL2.1 is
currently being investigated.
O [ + The cross-section problem is not believed to affect calculations
[ ] {pie of materials that don’t have oxygen or low levels of it.
e vl « Our current i fon is that the mixed ition WC
followed by TiH, are best, and should result in a thinner shield.
TiO, and LiH are not beneficial. W is slightly better than WC. We
have yet to try WB, or other combinations.
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BLANKET MATERIAL RESULTS ‘

Many cases of lithium salt materials were considered for
potential breeding blanket material. Then, the most promising
materials were studied in further detail varying the Li-6
content.

GOALS

To find a blanket material that:
«+ Is liquid at moderate temp (<300C).
+ Has low activation.
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« Gives a tritium breeding ratio TBR>1.1 per PROMISING BLANKET MATERIALS
neutron REFERENCES
+ Has higher TBR>1.4, to allow the blanket to + LiD - but high melting temp.
1.1, Nisiawa st . 1609, i,

be thin. + Li+D (sol)
« Attenuates the neutron flux. + LiOD - but high melting temp.
+ LiOD.D20 - marginal TBR, high melting temp.
+ L202 - marginal TBR
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To find a shield material that:
+ Reflects the neutrons in the inner face.

+ Protects the outer vessel and the cryogenic T =
superconducting coils from neutron damage.

Fusion reactors need deuterium and tritium in order to produce fusion. Deuterium is commonly found in water,
but tritium is highly radioactive and decays in 12yrs. Thus, it is necessary to produce tritium to maintain fusion. Lithium
does this job because it captures neutrons and produce tritium. So, we put a lithium blanket surrounding the plasma.
However, modern designs require beryllium, or lead, which are hazards for the workers that maintain the system and
are difficult to manipulate. Aqueous lithium-salt blankets are much easier to manipulate and work as good neutron
absorbents. We did a survey of different blanket materials to find the one that produces the most tritium and absorbs
neutrons well. Promising materials that we found were LiOD.D20, Li202, LiD, Li+D. Also, we did a survey of shield
materials that can reflect neutrons back to the blanket and can also protect the outer vessel, coils, and people from

neutrons and gamma rays. This survey continues being investigated.



