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The problems associated with the handling and containment of tritium In

D-T-fueled fusion power reactors have been under Intensive examination for

over a decade. In particular, the requirements for (1) separation of tritium

from breeder blanket materials and {2} recycle, purification, and enrichment

of tritium 1n plasma exhausts have received considerable attention 1n recent
1 2-4

years and are being actively studied In ongoing programs. Little atten-

tion, however, has been paid to the Interfacing of the blanket processing

system with the main fuel recycle system, 1n terms of the requirements for

purification and enrichment of the bred tritium (from the blanket) prior to

Its Insertion Into the plasma fueling stream. Whereas the removal of non-

hydrogenous Impurities (I.e., Impurities other than H and D) appears straight-

forward and Is not addressed further here, the separation of protium recovered

from the blanket along with the bred tritium poses unique and potentially

formidable concerns. This paper addresses the question of protium separation

from the blanket tritium product stream from the standpoint of pre-fuel-cycle

enrichment requirements.

The mechanisms and source terms for protium Insertion Into the blanket

product stream have been discussed elsewhere. Typical examples Include back-

permeation of hydrogen from steam generators, (n,p) reactions with materials

in the breeder region, and residual moisture left over from assembly/main-

tenance operations. Of these, the source term associated with steam generators
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(that are driven by the blanket coolant and that may in turn deposit, signi-

ficant quantities of protium into the coolant) nay ultimately prove to be

among the most significant in this regard, if LMFBR experience can be taken

as an indicator.

For the purposes of this paper, we consider a case in which the blanket

product stream has been purified to the point where only protium, tritium, and

a small quantity of deuterium remain. A cryogenic distillation cascade concept

developed specifically to handle this enrichment problem is shown in Figure 1.

The concept is based on a series of distillation columns and equilibrators

capable of producing a protium-rich stream containing less than 1000 appm T

and a tritium-rich stream containing less than 2000 appm H. It is envisioned

that both of these streams could be blended with streams of comparable compo-

sition in the mainstream position of the fuel cycle without further processing.

The computational analysis of the cascade shown in Figure 1 was based on

a fixed arrangement of columns and equilibrators and a fixed number of theore-

tical plates per column, since these features are less easily varied in an

actual system than reflux ratios and flow rates. In order to test the flexi-

bility of this conceptual enrichment system to adjust to variations of the H/T

ratio in the feed, H/T values of 0.333, 1.00, and 3.00 were Investigated.

(The 0.333 ratio is considered a nominal anticipated value and the 3.0 ratio a

probable worst case, but these estimates remain to be confirmed by representa-

tive simulation experiments.) The results of an analysis of the cascade in

Figure 1 are given in Table 1, wherein the H/T ratio, the number of theoretical

plates and the Feed/Recycle ratio are the independent variables. These results

show that by increasing the number of theoretical plates per column and the

fractional molar flow from Column 4 back to Column 1 (i.e., the Recycle), it
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CHEMICAL EQUILIBRATOR ( 3 0 0 K)

Figure 1. Cryogenic distillation cascade concept for separating
protium from blanket tritium product streams. Note:
chemical equilibrators are assumed to operate at 300 K.
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Table 1. Summary of Computational Results for the
Distillation Cascade Shown in Figure 1

H/T
Ratio

In Feed
Stream

1/3

1/1

3/1

Molar
Ratio
Feed/

Recycle

95/5

90/10

85/15

85/15

85/15

80/20

70/30

60/40

60/40

70/30

50/50

40/60

No. of
Theoretical

Plates per
Column

30

30

30

50

100

30

30

30

50

30

30

30

Product Composition (atom %)
Tritium

T

95.99

99.71

99.91

99.98

'v-lOO

99.79

99.86

99.95

99.98

88.42

99.48

99.84

Product
H

4.01

0.31

0.09

0.02

•v0a

0.21

0.14

0.05

0.02

11.58

0.52

0.16

Protium
T

12.03

0.87

0.27

0.07

<**

0.21

0.14

0.05

0.02

3.86

0.17

0.05

Effluent
H

87.97

99.13

99.73

99.93

MOO

99.79

99.86

99.95

99.98

96.14

99.83

99.95

Protium fraction in Tritium Product and tritium fraction
in Protium Effluent are less than 1 ppm, respectively.
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is possible to achieve the desired low levels of tr i t ium in the H-effluent

and protium in the T-product. I t should be understood, however, that these

increases in cascade design and operating features are accompanied by corre-

sponding increases in cascade size, cost, and tr i t ium inventory.
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