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An Evaluation of Tritium Production by a

Sodium-cooled Fast Reactor

+
Yasushi SEKI, Kichizo TANAKA and Kiyoshi SAKO

Division of Thermonuclear Fusion Research, Tokai, JAERI
( Received May 23, 1975 ) '

It is estimated that about 1~2" kg of tritium will be
necessary for the initial inventory of experimental fusion reactor
to be constructed in about 1990. The tritium requirement for
subsequent operation of the experimental reactor and mock-up
facility are several hundreds and several tens of grams each,
respectively. The quantity of tritium produced by a sodium-
cooled fast reactor of 100 MWth has been calculated by way of
the neutronics.

The production of over 100 g per year is possible by this

small fast reactor.

+ Division of Radioisotope Production, JAERI
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Table 1 Nuclide densities and axial bucklings
of each regions
( x10%% gtoms . cm > )
Region Name
Nuclide Control . 6 . .
Core rod Follower |Reflector | Graphite | "Li Al Li,0O
2*°py 1 1.71x1073
2%y je.11x10™*
““'ou |1.22x107
222y |o.18x1074
28y |4.83x1072
0 (1.62x107% 1.22x10° ¢
Na [8.46x10°%|1.25x10%|1.25x1072|6.79x1073{6.79x1073{1.25x1072 | 1.25x10°2
Cr |3.55x10°%|3.54x10>|4.74x10° 3[1.10x1072[4.74x107%[3.54x107% |3.54x1072
Fe [1.29x1072]1.29x10 2| 1.73x10° 2 [4.00x107 ?[1.73x107% [1.29x10 2 [1.29x10°2
Ni  |2.59x107|2.58x10 ®[3.46x107|8.00x10 *|3.46x10 | 2.58x107% | 2.58x107>
Mo |2.83x107%|2.82x10%|3.78x10 *|8.74x107%|3.78x107*|2.82x10 *|2.82x10°*
'°g 2.07x10 2
ng 1.86x10°
C 5.63x10 > 3.77x10°2
5, 1.11x10 %|1.82x107®
L, 5.83x10 °|2.27x10°2
Al 1.16x10°2
Axial
Buckling | 1.45xi107%| 1. 17x10 | 1.34x10 [ 1.06x10" | 1.06 x10 *| 1.10x10 *{1.10x10*
(BZ)
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Fig. 3 One-dimensional models of four cores
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Table 2 Comparison of nuclear characterstics
ond tritium production rate
Core
Items — -
Virgin Li Al Liz O LizO(CR)
Keff. {C.R.out) 1.0426 1.0426 1.0426 1.0426
Keff. (C.R. in) 0.8984 0.9019 0.9010 | 0.8908
C.R. worth, (Ak/kZ) |0.154 0.150 0.151 0.164
Core fuel volume,V (£) | 193.3 2240 2147 192.3
Fisile mass, M (kg) 210.2 2435 233.4 209.0
Radiol peaking foctor 1.43 1.83 1.47 1.44
Axial peaking factor .17 117 117 1.17
Total peaking factor 1.67 178 1.72 1.68
Te {g-y") 0.0 29.3 58.5 13.2
T7 (g-y™) 0.0 0.0 2.5 1.0
T=Tg+T7 (gy™") 0.0 29.3 61.0 14.2
T/M  (gy'kg')| 0.0 0.120 0.261 0.068

Tg ; Annual tritium production by ©Li (n,a)t reaction.
T;; Annual tritium production by 7Li (n,n"a)t reaction.
T . Annual tritium production.
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Table 3 Change of nuclear characteristics and

tritium production rate with °Li

enrichment
8Li . Enrichment (%)
Items
7.4 20 50 95
Keff. (C.R. out) 1.0426 1.0426 1.0426 1.0426
Keff. (C.R. in) 09010 | 0.9051 0.9086 | 0.9104
C. R. worth, (AK/K ) 0. 151 0.146 0.141 0.139
Core fuel volume,VF (£)} 214.7 236.7 265.4 288.1
Fissile mass., M (Kg) 2334 257.3 288.5 313.2
Radial peacking factor 1.47 1.57 1.68 1. 77
Axial pegking factor 1.17 1.17 1.17 1,17
Total peaking factor 1.72 1.83 1,96 2.07
Te (g-y™') 58.5 95.5 132.6 155.7
T7 (g-y-') 2.5 1.6 0.7 0.1
T=Te tT (gy™) 61.0 97.1 133.3 155.8
L T/M (gy'-kg'")| O.261 0.378 0.462 0.497

Te ; Annual tritium production by ®Li (n,a )}t reaction
T, ; Annual tfritium production by 7Li (n,n"alt reaction

T : Annual tritium production
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Table 4  Comparison of nuclear characteristics
and tritium production rate for the
outer irradiation cores

Core
Items
°Liat—-R |®Liat-C |®Li,0-C

Keff (C.R. out) 1.0426 1.0426 1.0426

Keff {C.R in) 0.8952 0.8249 0.8251

C.R. worth, (ak/k?) 0.158 0.253 0.253

Core fuel volume, VF (£)| 1952 186.2 181.0
Fissile mass, M {kg) 212.2 202.4 1968
Radial peaking factor 1.44 1.36 1.32
Axial peaking factor t.17 1.17 117
Total peaking factor 1.68 1.59 1.55

Te (g-y1) 7.3 47.6 141.0

T, (g-y™!) 0.0 0.0 0.0
T=Tg +T, (gy™") 7.3 47.6 1410

T/M  (gy'kg')] 0.024 0.235 0.716
Te . Annual tritium  production by ©Li (n,a)t reaction
T, ; Annual  tritium  production by ‘Li{n,n"a)t reaction
T . Annual  tritium production
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