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ABSTRACT 

Engineering studies on tritium 
handling problems in fusion re
actors have included conceptual 
and experimental studies of tech
niques for recovery of tritium 
bred in the reactor blanket and 
conceptual designs for recovery 
and processing of tritium from 
plasma exhausts. The process 
requirements and promising tech
niques for the blanket system 
depend upon the materials used 
for the blanket, coolant, and 
structure and on the operating 
temperatures. Process require
ments are likely to be set in 
some systems by allowable loss 
rates to the steam system or by 
inventory considerations. Con
ceptual studies have also been 
made for tritium handling equip
ment for fueling, recovery, and 
processing in plasma recycle 
systems of fusion reactors, and 
a specific design has been pre
pared for "near-term" Tokamak 
experiments. 

INTRODUCTION 

This paper presents a brief sur
vey of tritium process problems 
associated with fusion reactors, 
and an attempt is made to give 
insight into the many ways and 

places where tritium handling 
will occur in a commercial fusion 
reactor. Evaluations of tritium 
handling problems have been made 
at ORNL and elsewhere during the 
past few years. This is a con
tinued effort, and documents and 
papers have been written at vari
ous times to report and update 
current thinking and progress in 
these studies. The emphasis in 
most of our earliest work was cen
tered on problems in recovering 
tritium bred in the blanket. ̂'̂  
This appears likely to be the most 
difficult tritixim handling problem 
in CTR's; fortunately, however, 
full-scale blanket recovery systems 
will not be needed for several years. 
More recent studies'•"* have included 
considerations of problems and tech
niques for handling tritium recycle 
from plasma exhaust. The plasma 
exhaust process steps appear to in
volve fewer difficulties and un
certainties than blanket processes, 
but they will be needed in experi
ments proposed for the near future. 
A significant portion of recent 
ORNL efforts on exhaust processing 
was spent in preparing the concep
tual design of tritium handling 
equipment for a large Tokamak burn
ing experiment, ORMAK F/BX. (Al
though this experiment was not 
funded, that decision is not be
lieved to reflect upon the merits 
of the tritium equipment design.) 

^Research sponsored by the U. S. Atomic Energy Commission under contract 
with the Union Carbide Corporation. 
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A partial listing of CTR equip
ment items or systems handling 
tritium includes: 

1. Feed systems 
(a) Torus filling system 
(b) Supplementary feed 

(solid pellets?) 

2. Injectors 

3. Vacuum pumps 
(a) Primary vacuum pumps 
(b) Secondary vacuum 

system 
(c) Injector pumps 
(d) Diverter pumps (?) 
(e) Instrumentation for 

plasma measurements 

4. Diverter 

5. D-T purification equip
ment (He, O2, N2, etc. 
removal) 

6. Hydrogen removal (isotope 
separation) equipment 

7. Secondary containment 
system 

8. Emergency containment 
system 

9. Waste tritium (probably 
HTO) disposal system 

10. Contaminated (solid) 
equipment handling sys
tem 

11. Blanket system 

12. Coolant loop(s) 

13. Bred tritium recovery 
equipment 

14. Tritium storage facili
ties 

The technology required for many 
of these systems is available or 
would not require much development. 
On the other hand, some items such 
as the bred tritium recovery system 
would require considerable develop
ment, and no proposed techniques are 
clearly feasible. The need and na
ture of other items (e.g., diver-
ters) are uncertain. The times at 
which these systems will be needed 
also differ widely. Designs for 
some items are needed immediately 
for the various FTR designs cur
rently under way. Additional items 
will be required for Experimental 
Power Reactors, but some items will 
not be required to meet their most 
demanding performance standards un
til full-scale fusion power reactors 
are designed. 

RECYCLE OF TRITIUM FROM PLASMA 
EXHAUST 

Most of the equipment for recover
ing tritium from plasma exhaust 
will be required for fusion ex
periments planned for the next 
few years. Whenever possible, it 
will be desirable to use equipment 
which resembles that proposed for 
eventual power reactors. The near-
term investigations will consist 
of physics experiments, and tritium 
handling equipment should be suf
ficiently reliable that there is 
little likelihood of hindering or 
endangering the success of the 
experiment from a failure in the 
tritium system. Nevertheless, 
these systems will provide oppor
tunities to demonstrate at least 
some tritium handling techniques, 
and, where practical, these oppor
tunities should be used. 

Four principal tritium handling 
steps are required for plasma ex
haust systems. These are: 

15. Tritium shipping and 
receiving equipment (1) removal of gases from 

the plasma. 



(2) purification of gases to 
remove nonhydrogen mate
rials, 

(3) isotope separation of 
protium (and possibly 
separation of tritium and 
deuteriiim for separate 
injection), and 

(4) feed of tritium and deu
terium back to the plasma 
(fills, injectors, and 
supplementary feed). 

In addition, auxiliary systems will 
be required to provide secondary 
containment for process equipment, 
emergency containment for building 
exhaust, monitoring systems, tri
tium storage facilities, shipping 
and receiving facilities, etc. 
Most of these latter systems can 
use technology and experience 
which are available or are being 
developed for tritium handling 
in other programs. 

Removal from Plasma Perhaps the 
principal uncertainty in the na
ture and difficulty of plasma ex
haust processing for a Tokamak is 
in the removal step. Most refer
ence Tokamak designs include di-
vertors, but the detailed design, 
the effectiveness of a diverter, 
and even the need for a diverter 
are subject to question. The 
most important detail of diverter 
design, from a tritium recovery 
viewpoint, is the nature of the 
ion impact surface. In most de
signs, ions diverted from outer 
regions of the plasma are guided 
into solid metal collection sur
faces. (However, one design calls 
for liquid lithium surfaces.) Re
covery of tritiiam from these sur
faces may involve little more than 
allowing tritium to diffuse from 
the collector surface into vacuxam 
pumps. If removal of the collec
tion surface from the magnetic 
field is required, the recovery 
process will be complicated con
siderably. It is premature for 
process engineers and chemists 

to expend significant experimental 
efforts on recovery problems unique 
to any particular diverter, but 
the evolution of diverter designs 
should be followed closely to en
sure that tritium recovery possi
bilities are included in evalua
tions of diverter feasibilities. 
Diverters are not likely to be 
used on the next one or two gen
erations of fusion experiments 
and test reactors. 

One device certain to be a major 
part of the removal system of 
fusion reactors is the vacuum 
pump. This will probably be the 
only removal device used in near-
term experiments. Of the several 
pump types available, only two 
look promising for thermonuclear 
reactors: cryosorption and 
mercury diffusion. Cryosorption 
pumps were chosen for the ORNL 
design of an FTR (see Figure 1), 
and we believe that these are also 
the most promising type for larger 
reactor systems. These pumps are 
simple, relatively cheap, contain 
no moving parts, have little prob
ability of introducing contaminants 
to the system, require no backup 
pumps, and, most importantly, will 
permit quantitative recovery of 
p\imped gases. Mercury diffusion 
pumps require backup piimps of 
other types which could make quan
titative recovery difficult, and 
they appear more likely to intro
duce contaminants (e.g., mercury) 
to the main experimental equip
ment. To pump hydrogen isotopes 
and helium, cryosorption pumps 
must be cooled to liquid helixom 
temperatures. Since supercon
ducting magnets are required for 
thermonuclear reactors, a supply 
of liquid helium will be available; 
therefore, capital costs for hel
ium refrigeration equipment are 
likely to be considerably less 
than those required to establish 
a separate refrigeration system. 
That is, the differential cost 
for additional capacity is likely 
to be less than the cost of free
standing separate systems. 
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FIGURE 1 - Tritium processing module for ORMAK F/BX. 



The principal disadvantage of cryo
sorption pumps is the cyclic na
ture of their operation. If their 
operating cycles are too long, the 
inventory of tritiiam in the pumps 
can become excessive. Regenera
tions will have to be made approxi
mately daily. If large and fre
quent temperature cycles are re
quired for regeneration, the re
frigeration costs will be deter
mined by the regeneration rather 
than the steady operating rate, 
and the costs can be excessive. 
It appears to be possible to re
generate cryosorption pumps by 
(allowing) heating to temperatures 
only slightly above 5K. This 
type of regeneration cycle, of 
course, would be desirable. 

Purification Removal of other 
gases from the hydrogen isotopes 
can be accomplished in several ways; 
the most promising techniques are 
uraniiom sorption-desorption and 
permeation through palladium mem
branes. Uranium beds have been 
used for tritium purification at 
ORNL and elsewhere; they were used 
in the ORNL design for an FTR. 
Uranium bed sorption represents 
current technology which can be 
applied to fusion power reactors. 
A permeation process also looks 
feasible for large systems, but 
compressors will be required to 
achieve practical permeation rates. 
The principal disadvantage of uran
ium beds may be the same as that of 
cryosorption pumps; they must oper
ate in a batch or cyclic mode. 
However, if cryosorption ptimps are 
used, this may not be a signifi
cant disadvantage since ptimp re
generation will be a cyclic (or 
batch) operation also. For this 
reason, coupling of cryosorption 
pumping and uranium beds appears 
to be attractive. 

Some of the more promising isotope 
separation methods would also re
move nonhydrogen impurities; thus 
it may be possible to combine the 
purification and isotope separa
tion steps. However, it appears 
more likely that separate steps 

will be used since different pro
cess rates will be required for the 
two systems. All deuterium and 
tritium removed from the plasma 
will be processed to remove non
hydrogen impurities, but the iso
tope separation system may only 
need to process a small drag 
stream to keep the hydrogen (pro
tium) concentration at acceptable 
levels. Of course, if deuterium-
tritium separation is required 
(for separate injection of the 
two isotopes), a larger separa
tion system will be required, and 
combining the two operations may 
become attractive. 

Isotope Separation Isotope sep
aration equipment will be re
quired in fusion power reactors 
to remove hydrogen (protium) formed 
by D-D reactions in the plasma. In 
addition, one can expect some hydro
gen to outgas from vacuum chamber 
walls and process equipment at 
least for a significant time, al
though efforts will be made to 
minimize this outgassing. Since 
a low concentration of hydrogen 
in the plasma can be tolerated, 
some accumulation of hydrogen will 
be allowed. The isotope separa
tion system will be largely an en
riching section (little stripping), 
producing a hydrogen (waste) pro
duct. It is not likely to be prac
tical to produce a hydrogen stream 
of sufficient purity to be dis
charged directly to the environ
ment. The degree of separation is 
more likely to be set by cost (or 
inventory) considerations, that 
is, a balance between the cost of 
additional separation and the ex
pense involved in tritium loss. 
Of course, environmental considera
tions would not permit release of 
significant quantities of tritium; 
thus the "hydrogen" vent or waste 
stream will be routed to a tri
tium removal system, where the hy
drogen with trace tritium will 
(probably) be oxidized, condensed, 
and stored as tritium-contaminated 
water. This could be accomplished 
in the tritium removal system used 
to process other process "vent" 
streams. 
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If it proves necessary to inject 
tritium and/or deuterium separate
ly, due to large differences in in
jector efficiencies for the two 
isotopes, an additional isotope 
separation system will be needed 
to separate deuterium and tritium 
into relatively pure streams. In 
this case, H-removal and D-T sep
aration could, for some systems, 
take place in essentially the same 
equipment. The size of the D-T 
separation stream depends upon the 
plasma operations, specifically 
the ratio of the (time-averaged) 
fuel feed rate by injectors to the 
(time-averaged) feed rate in ini
tial fills and supplemental feed. 

Several hydrogen isotope separa
tion methods have been evaluated 
and applied to other H-D and D-T 
separations. These also look 
promising for CTR applications. 
If there are large differences in 
flow rates in the D-T and H-D 
systems, then the best system may 
use different methods for the two 
separations. Cryogenic distilla
tion, thermal diffusion (for low-
throughput applications), and, 
possibly, palladium membrane 
separation appear to be attrac
tive. The choice is likely to 
be based on economics; scale of 
operation (throughput) and tri
tium holdup (inventory costs) 
will be important considerations. 

Containment The need to ensure 
adequate tritium containment un
der both routine and accident con
ditions has become more apparent 
since serious conceptual designs 
have been prepared for large near-
term experiments (FTR's).Since one 
cannot guarantee that leaks from 
process equipment will not occur 
during normal operation or main
tenance, a tight secondary con
tainment appears to be needed 
around all equipment that contains 
significant quantities of tritium. 
To be effective for slow, steady 
leaks, the atmosphere in the sec
ondary containment system must be 
processed continuously to remove 
tritium. The tritium removal 
equipment for processing contain
ment atmospheres could also handle 

exhaust streams from other process 
equipment (e.g., the H removal 
stream and the He from D-T purifi
cation) . 

The cost of this containment system 
and the affiliated tritium removal 
equipment can be large. There is 
a strong incentive to minimize the 
containment volume; this will also 
minimize the tritium removal equip
ment size and cost. The secondary 
containment system around some 
equipment may appear much like 
"glove boxes;" in some places, it 
may be a second (double) pipe 
around coolant pipes. 

In addition, a larger tritium re
moval system may be needed to 
handle the entire ventilation 
system leaving the CTR building. 
If such a system is necessary, it 
probably will not be operated un
der normal conditions. It could 
be activated only if tritium con
centrations in the building ex
haust reach unacceptable levels. 
To minimize the size and cost of 
this system, the CTR building 
should be tightly constructed. 

BLANKET RECOVERY SYSTEM 

The rate at which tritium is re
covered from the blanket, of 
course, must equal the tritium 
breeding rate, but the difficulty 
of the recovery depends on the 
concentration to which tritium is 
allowed to build up in the blanket 
or coolant fluids. The maximum 
concentrations allowed in these 
fluids could be set by any of the 
following three conditions: 

(1) the release rate must be 
tolerable; 

(2) the inventory costs (and 
availability) must be 
acceptable; and 

(3) the tritium embrittlement 
must not endanger struc
tural integrity anywhere 
in the system. 
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The importance of the last con
dition depends upon the struc
tural materials used and also up
on the opportunities for tritium 
diffusion out of the structure 
during cooling. 

There are no hard limits on tri
tium inventory. One should mini
mize the inventory for economic 
reasons, but availability from 
nonfusion sources may also be im
portant. Note that when the in
ventory becomes very large, tri
tium decay rates must be taken 
into account in breeding calcula
tions., We have assumed that the 
maximum practical inventory for 
the entire reactor will be approxi
mately 10 kg. 

Again, there are no firm allowable 
release rates set for fusion re
actors. Rules in effect or pro
posed for light water reactors, 
however, can be used as guidelines. 
Although many local site conditions 
and specific designs of the reactor 
power system must be taken into 
account when determining the allow
able release rate, it is useful to 
establish an approximate release 
rate which is likely to apply to 
many local situations and designs. 
This can then serve as a reference 
release rate from which one can 
establish tritiiam process require
ments and compare alternative re
covery systems. Of course, more 
detailed consideration will event
ually be required for each re
actor to ensure that the release 
rate is tolerable. In reality, it 
will be desirable to release even 
less than this value if that is 
practical. We have usually assumed 
10 Ci/day for the (maximum) refer
ence release rate for 1000 (MW(e)) 
units. 

Using these guidelines or reference 
values, it is interesting to see 
how they affect tritium recovery 
process requirements. A brief 
indication of requirements is 
presented in Tables 1 and 2. 
These tables show the inventories 

for typical high- and low-tempera
ture lithium blankets. The results 
are based on conceptual reactor de
signs prepared by Fraas^ and permea
tion data compiled by Strehlow.^ 
The high-temperature design uses 
niobiiam structure and is similar to 
the system used as a basis for our 
early studies. ̂'̂  The conclusions 
are also the same as we reached 
earlier. The maximiom tritium con
centration permitted in the blan
ket (or coolant) fluid is set by 
the reference release rate. The 
blanket inventory is relatively 
low, and the tritium recovery pro
cess system can operate on either 
the blanket or the coolant fluid. 
Similar conclusions can be 
reached for most high-temperature 
lithiiom blankets. A vanadium 
structure would have to remain at 
somewhat lower temperatures 
(~800°C), and the tritium inven
tory would be greater. However, 
even in this case, the allowable 
tritium pressure and concentration 
are governed by the release rate 
and not by inventory considerations. 

The low-temperature system shown 
in Table 2, however, behaves 
differently. This is a 500°C 
(stainless steel temperature) sys
tem. If one assumes a release rate 
of 10 Ci/day, the inventory in the 
blanket is too high. In this case, 
it is necessary to process the 
blanket fluid (not just the coolant 
fluid), and the maximum allowable 
concentration is set by inventory 
considerations instead of allowable 
release rate. The difference be
tween the high- and low-temperature 
systems results principally from 
differences in the Li-T vapor-
liquid equilibria at the two tem
peratures and (to a much lesser 
extent) from differences in the 
permeability of the blanket-coolant 
heat exchanger. The conclusion 
shown here is independent of the 
coolant used (e.g., K, Na, NaK, He, 
or molten salt), but will be 
strongly dependent on the blanket 
material chosen. 
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Table 1 

TYPICAL HIGH TEMPERATURE SYSTEM 

Structure - Nb(Zr) (1000°C) 

Blanket - Lithium 

Tritium 
Pressure 10~^ torr 

Tritium concen
tration <1 wt ppm 

Tritium 
inventory <1 kg 

Table 2 

TYPICAL LOW TEMPERATURE SYSTEM 

Structure - SS (500°C) 

Blanket - Lithium 

Tritium 
Pressure ~10~^ torr 

Tritium concen
tration 60 wt ppm 

Tritium 
inventory 30 kg 

Alternative blanket materials are 
likely to have lower inventories 
than lithium for the same tritium 
overpressure; hence, the conclusion 
shown above should not be applied 
to molten salt or most solid blan
ket materials which have been pro
posed. Molten salt blanket process 
systems are likely to be limited 
by release rates (e.g., tritium 
pressure in the coolant), This is 

probably true for proposed solid 
blanket materials, if tritium re
moval from those materials is as 
easy as indicated. Tritium removal 
from solid blankets with realistic 
particle sizes and physical proper
ties needs to be evaluated. Al
though equilibria considerations 
indicate low inventories, the 
dynamic inventory must also be 
considered. 
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