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TRITIUM CONTROL IN A MIRROR FUSION CENTRAL POWER STATION 

T. R. Galloway 

LAWRENCE LIVERMORE LABORATORY, UNIVERSITY OF CALIFORNIA 

We describe tritium-containment systems for the blanket and power 
systems of a mirror-fusion reactor. These systems are designed to reduce 
emissions to below 1 Ci/d. The overall conceptual design uses a i r as the 
raactor-hetl atmosphere. A continuous catalyt ic oxidizer-molecular sieve 
adsorber cleanup system would be used to control a 180-Ci/d leakage from 
reactor components, energy recovery systems, and process piping- Such a 

3 _ 3 
system would maintain a 40 uCi/m t r i t i um level (s uC1/m HTO) in the 
ha l l . 

The blanket considered contains submodules with Li 2Be 20 3-Be for 
tritium breeding. This canned breeding material is scavenged with a 
lithium-vapor-doped helium gas stream. The container consists of 
(molybdenum alloy (T2M) tubes and tube sheets with the breeding material 
packed and sintered in the shell surrounding the tubes. Potassium vapor 
coolant (also lithium-doped} passes through these tubes to recover the 
heat at 950 Leakage following an intermediate TZM exchanger would 
result in a lass of 0.7 Ci/d into the steam through the Haynes-25 alloy 
boiler (potassium boiling). A moving getter bed is used to recover the 
tritium from the LIT and Li 2T scavengers in both the helium blanket 
scavenging flow and the potassium iapor coolant. 

REACTOR HALL CONTAINMENT GOALS 
Environmental Impact 

The accumulated tritium emissions from 
the 1500 l-GW(e) fusion reactor power 
plants to be built in the world by the 
year 2025 would not significantly add to 
the present tritium background if emis­
sions were kept below 1 C1/d-GW(e). ' ' 
With 10 000 plants by the year 2050, the 
emission will have to be below 0.1 Ci/d. 

Emissions from a reactor hall with an 
approximate volume of 350 000 m can only 
be kept at such a low level if the tritium 
concentration within the gas cover (inside 
the reactor hall) is kept low (i.e., 
40 yCi/m") and if the entire wall surface 
is hermetically sealed, At ambient tem­
peratures, a staiiiless steel shell 
(alloys 304, 316, or 321) Z mm thick would 
provide the necessary seal. (3; This shell 
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would meet our low-permeation standard 
(<1 Ci/d) even in the case of an incredible 
accident where 2.3 kg of T ? might be 
ignited and dumped, releasing HTO, T 20, 
01 both into the reactor hall and quickly 
increasing the concentration up to 
24.5 ppm (65 Ci/m 3). (Less than 200 Ci of 
tritium can be released if we are to 
remain below LWR criteria of 5 mrem at the 

fencaline under poor dispersion con­
ditions.) 

The herpetic stainless stsel liner 
would be constructed on standoffs or studs 
cast into the concrete shell of the build­
ing. Thus, thare would be a space between 
thp liner and the building itself; con­
tamination within this space would be kept 
at around 5 jCi/m . if we postulate that 
the facility must have the containment and 
removal capability necessary to reduce the 
high level of contamination described 

3 
ahave to a level of 200 yCi/m for reentry 
with light suits into the building after 
7 d of reactor-hall air processing* then 
the length of fhe standoff must be 79 cm. 
This design concept would be economical 
and safe, arid it wuild provide acceptable 
secondary containment for the reactor hall. 
Occupational Safety 

We have selected the nominal level of 
10 viCi/m as acceptable for very particular 
health and safety as well as state-of-the-
art hardware reasons. A worker can be ex­
posed at 100% maximum permissible concen­
tration (MPC) for 40 h per week without 
any clothing protection to contamination 
levels of 40 uCi/m if the HTO fraction 
remains below \2'i by volume. ERDA recom-
niands^ ' that for design purposes, levels 
at 20% MPC should be used. This would be 
quite feasible if one either restricts 
work assignments to 8 h per week or pro­
vides analytical evidence for HTO 

fractions below 2%. The workers might be 
further protected by light-weight suits 
and face masks that would not interfere 
with agility or dexterity. Such light­
weight suits (plastic undersuit, 
coveralls, and a plastic oversuit) with 
air masks* } can provide protection fac­
tors of 100 or more if changed hourly or 
factors of 10 or rrore if not changed for 
8 h. Under accident conditions, ventilated 
suits ' can offer protection factors up 
to 1900. Thus, it can be seen that the 
nominal level of 40 pCi/m" offers a large 
number of operational options, while still 
remaining close to the economic and safety 
optimum. 

There must be some assurance that in 
the operational design described above, 
the level of 2 or less HTO can be 
feasibly maintained. It is this question 
that is critical to the practicality of 
the design. The HTO can be produced from 
T ? or HT by several chemical means: 
isotopic exchange with H^O in the water-
laden ai; within the reactor hall, auto-
radiolysis of T ? in air (oxygen), 
catalytic conversion of T, Dr HT through 
active metal surfaces exposed, and 
radiolysis of T ? or HT in air via radi­
ation field escaping the mirror machine. 
It is because of these reactions that 
planners have assumed in the past that 
there could be no air present in fusion-
reactor halls. However, careful review of 
current research and technology suggests 
that air might be used. If care is taken 
to eliminate exposed, hot, precious metal 
(catalytic) surfaces, excess water vapor, 
and any buildup of T 2 , ther. the formation 
of HTO can be kept at manageable levels 
even in an air atmosphere. Estimates of 
the conversion rates have been made by 
fitting available data^ * ' to a rate 



equation. The results are as follows: 

where is time for conversion in hours, 
TJO) is the i n i t i a l T? concentration in 

3 ,.Ci/m , k is the rate constant, and HTO 
is the calculated concentration of HTO in 

the rate of formation ot H',"0 would always 
be less than i.c • 10"fc ..Ci'i»3/h (Table 1? 
Tne conversion rate does not get s i gn i f i ­
cant unt i l ".,{0) levels of 6b C i /n arG 
approached. In the incredible .iccident' 
case described above in whicn sucn levels 
would be attained. 11 Li'rr of HTO would 
he produced in the f i r s t hour, fron this 
analysis, we see that the i^iiortant r;oal 
i* to keep 1., at low concentrations. 
BL^i'.^J MDJIRKJ S i . l i iV N5. LINKAGE 
Reac tor_ Ha 11 Processino 

Now tnat i t hrss l-.een established that 
a t r i t i u i r level at ^0 ..Ci'n is a safe 
workinq environnent within the reactor 
h a l l , we can examine the constraints that 
this goal places i-f. the ether corponents 
in the nuclear island. Experience in our 
f a c i l i t y at the Lawrence livermore 
Laboratory and other t r i t i um research and 
development f a c i l i t i e s in the U.S. sug­

gests that wi t * a continuous a i r -
recirculat ion system or a once-through ai r 
exhaust system, the ambient room t r i t ium 
levels depend on the cleanliness of the 
worfcer, on the outgassing of t r i t ium fro' i 
leading equipment, and on de-adsorption 
from room and hood surfaces. The ambient 
level for a given room volume depends on 
the replacement rate of the a i r within 
this volume &nci on the t r i t i u r , outqassinc 
rate. The relationships * r e fundamental 
with the mass balance, as showr. in 
Table 2. 

These outgassing rates can be corrpa *-<?;: 
favorably with available estimates 'or 
t r i t ium leat&ge loss (including pen-.e-
•Uion) from a state-of-the-art energy 
recovery system (process piping. pumps. 
heat exchangers, turbines, etc.?. f or 
example, a cor-vcntional energy recovery 
system constructed of stainless steel etr 
a 470-Miiie} plant would release asout 
70 Ci/d of t r i t iu™ gas into the reactor 
h a l l . 1 7 ' ' Thus, typical for a 1-Gr>(£' 
reference reactor desirr , i'.r 'lows .* 
around 60 m ,'s 11 ^0.000 cfm' ire reouireti. 
This rate is typical of noderate si^e 
of f ice buildings with conventional off-
the-shelf air-condit ioninq hardware, for 

TABLE^l- Oxidation of T2 to HTO in Reactor Hall ( I n i t i a l Concentration 
= 40 .Xi/iT.3) (HTO Concentration in ;.Ci/m3) 

Time (h) Dry Air 

9.96 v 10" 7 

Humid Air 
SlKi 

Catalyzed14-' 

9.75 • 10" 5 

on Steel ib) 

1 

Dry Air 

9.96 v 10" 7 4.01 - 10" 6 

SlKi 

Catalyzed14-' 

9.75 • 10" 5 
a.c - 10" 3 

2.5 2.49 > 10" 6 1.00 . 10" 5 2.44 • 10"'' 1.58 • 10" 3 

50 4.98 • I0" 5 2.01 • II)'4 4.88 » 10" 3 3.1 > 10" 2 

2 000 1.99 ^ 10" 4 8.00 • 10" 3 1.92 - 10"' 5.0 
10 000 9.98 > 10" 3 4.00 . in" 2 0.96 25.0 

(a) With humid air. 
(b) Radiation field taken to be 40 000 R/hr. on steel catalyzed 

surfaces in humid air. 



TABLE 2. KaKitruT. Tolerable Outclassing •, 
Within Reactor Hall to Maintain '-D ;Ci/m 

. Air n DM 
JS<3..-

Ml 

Volume 
Changes 
Per Hour 

I'M 

Outgasstng 
Tolerated 
ICf/d) 

0.36 

n DM 
JS<3..-

Ml 

Volume 
Changes 
Per Hour 

I'M 1.0 
5.88 lu 0OJ 0.05 18.0 

53.6 1 JO 000 0.5 ISO.O 
2352 •i 000 000 .'0.5 7200.0 

this flow a catalyt ic processor to onidijre 
and remove the t r i t ium wu ld cost about 3 
mi H i OR dollars for J complete process 
using about 5 :•• of precious -e la l 
catalyst. 

I t i!. clear that relat ive v :r icium 
leafcane .U-J p^r-i-j it io'i. :»icre w i l l be an 
optirurr t r ade r " between the s i zc o' the 
reactor-hail wute-nas hand'im; system 
and the Jenjc of trie t'*err,i! energy 
recovery sys'e-. Doubly or t r i p l y con­
tained process piping and heat exchangers 
represent one entree w i i l e thin steel at 
high tenpj?r.itijre represents the other. 
Multi layer composite tubing looks feasible 

(a) 

for low perr*ation ( i . e . , 1/2C} uses. ' ' 
Indicated in TaSle l is the a i r flow 

that would release 1.0 Ci 'd at -10 uC1/m 
(607 c fn) . This fact te l ls us that the 
operation of conventional 'air f lush" a i r 
locks through the reactor hall wall to the 
outside would result 1n releases of oore 
than 1 Ci/d. Purr-p-down locks could solve 
this problem. I f one expects to change 16 
blanket sections per year, this would 
represent a flow of only Z tn /h (1 cfm) 
i f the lock were the pu~,i-down variety and 
i f 100 personnel accesses were required 
per day. The result ing release would 
amount to 8 m /h (4 cfn) . 
Spi11 Accident 

The demands Imposed by nur "incredible 
accident" upon the reactor-hall and the 

.3 

waste-gas processing systens must now be 
discussed. Worker reentry tic* following 
cleanup of the accident trust be estimated 
as well. This problem is a difficult ore 
because the cleanup transient behavior u 
difficult to predict. The sudden increase 
in T,0 concentration will drive T 7 and HI 
into etany raterials and create adsorbed 
layers of T O on all exposed •.urface-* 
totaling around 5100 Ci. 

As a prjctic.il rule/'' in addition f 0 

the conventional dilution M^e, -ill ct..in,;cs 
of .11 r are required to re dun' the surface 
accumulations. This arounts to .in addi­
tion*] 3 days. There .ire procedures for 
surface tleanini; dê i'-jtiod to enhance 
tritiun Dutgassiiwj, such .ir. steam cleanin; 
a st^ooth, polnhej surface, e'tcctro-
cleaning, etc. 
Spill Cleanup 

•(egte;! in<i tne ids-.n'p". i gn-control led 
outga^sing problems discussed ibove, we 
can nake in es ate of the 

•flu i red to reduce :he 
: irocess'nt! 

tne 40-.Ci m operating level, usin-j the 
study at Hound Laboratory 'or the 
determination of the i J U l y t i c ai idit ior-
kinetic rate data, we developed t ^rot.ess 
system r.odel . 

The plug flow reactor desvjn cju-ation 
can IK! wri t ten as 

T , l ) 

wnere Vc is the catalyst volume and i ;i 
tne first-order kinetic r^te constant, 

k = :.:; • ic 5 cxp[-/ioo/RT], 

as determined at Hound. Although this 
plug flow approach is simplistic in that 
it neglects pore diffusion and dispersion 

http://prjctic.il
http://rot.es


e f f e c t s , low- temperature (300 K) ope ra t i on 

causes these e f f e c t s to be i n s i g n i f i c a n t . 

L 1 i ; : i inot ing i . ( ) r e s u l t s in 

I , ( ) M - o*p (-HI 
' "5 — 

t: w\n 
, j . i..., (., f)j 

In f i g . 1 «fr sho*. node! r e s u l t s i l l u s ­

t r a t i n g the r e a i t c r h a l l t r i t i u m con ten t 

is, a f u n c t i o n of t i n e f o r systems w i t h 

v a r i o u s c a t a l y s t volumes. Because o f 

cMiense, c a t a l y s t beds l a r g e r than 10 m 

are not p r a c t i c a l ; thus safe r e e n t r y t imes 

(JO MPC w i t h l i c jh t s u i t s ) cou ld range f rom 

around J days to 1 month f o r reasonable 

bed d e s i g n s . Costs ( p l a n t p lus c a t a l y s t ) 

•for such (i r e c i r c u l a t o r y system are shown 

i n TabSe 3. 

Thus, the system presented i s n e a r l y 

o p t i m a l l y c o n f i g u r e d f o r bo th ih<? r o u t i n e 

leakage task and the i n c r e d i b l e f a i l u r e . 

Now we have to ensure t ha t our b lanke t 

conta inment scheme can keep i n t e r n a l 

emiss ions below IttO C i / d . 

BLANKET DESIGN WITH PERMEATION BARRIERS 

The problems o f t r i t i u m conta inment i n 

a s o l i d b l anke t c o n f i g u r a t i o n w i l l be ex ­

amined. This c o n f i g u r a t i o n has a po tass ium-

vapor -coo led n iob ium f i r s t w a l l and a 

b l anke t s t r u c t u r e c o n t a i n i n g l i t h i u m 

FIGURE 1 . T r i t i u m Reduct ion a f t e r the 
I n c r e d i b l e . . .c ident (Q = 58.8 m 3 / s 

(100 000 c f m ) ; T 2 0 = 65 C i / m 3 ; v 
= 350 000 m3; Temp. ^ 300 K ) ; Vc 
- c a t a l y s t volume 

TABLE 3 . Approximate Costs f o r 
R e c i r c u l a t i n g Systems as a 
Func t ion o f C a t a l y s t Volume, 
Vc.U) 

Vc Approx. Re> i r c u l a t i n g 
(m 3 ) System Cost ( m i n i o n s o f d o l l a r s ) 

2 1.3 

4 2.4 

6 3.6 

5 4 .8 

(a) Basis: Honeycomb catalyst at 
S60 000/m3, \QI cf recirculating 
systems cost. 

beryl late (Li-Be.O*) packaged and canned 
in TZH as a heat exchanger shell. 



A d e t a i l e d rev iew and a n a l y s i s o f Brook-
H 2 1 

haven Na t i ona l Labora to ry * ' r e s u l t s sug­

gests t h a t the b e r y l l i u m m e t a l - l i t n i u m 

b e r y l l a t e { L i , B e ^ ^ ^ m i x t u r e ^ the 

l ead ing contender owing t o i t s h igh m e l t ­

ing p o i n t (1150°C) , low t r i t i u m s o l u b i l i t y , 

sus ta ined b reed ing r a t i o (BR - 1 . 2 } , low 

r e s i d u a l r a d i o a c t i v i t y , tow r e a c t i v i t y 

w i t h a i r o r o t h e r common chemicals ( i . e . , 

b e r y l l i u m ) and r e s i s t a n c e to s i n t e r i n g 

prob lems. L iAlQ would q u a l i f y , were i t 

not f o r i t s s t r o n g r e a c t i v i t y w i t h 
(13^ 

b e r y l l i u m or BeO. ' 

The phenomenology o f t r i t i u m p r o d u c t i o n 

w i t h i n the Be-Li^Se-jO., p a r t i c l e mix can be 

v i s u a l i z e d as f o l l o w s . Neutron m u l t i p l i c a ­

t i o n i n the Be (and the r e s u l t i n g bombard­

ment) r e s u l t s i n a t r ansmu ta t i on o f 

l i t h i u m atoms w i t h i n the c r y s t a l l i n e 

s t r u c t u r e to H o r T , which d i f f u s e s 

through g r a i n bounda r i es , d i s l o c a t i o n s * 

p o r e s , e t c . , to the s u r f a c e . Somewhere i n 

t h i s p r o c e s s , the ox ide (T ,0 ) i s fo rmed, 

and t h i s T-0 r e a c t i o n product i s chem­

i c a l l y bound (complexed) on these i n t e r n a l 

and e x t e r n a l s u r f a c e s . Chemical r e d u c t i o n 

o f t h i s T 2 0 - L i „ B e 2 0 3 sur face complex on 

the su r round ing Be can o c c u r , thus 

r e l e a s i n g T ? gas i n t o the f l o w i n g he l ium 

gaseous t r i t i u m scavenging s t ream. 

The data are a v a i l a b l e f o r 650°C and 

can be e x t r a p o l a t e d t o our o p e r a t i n g con­

d i t i o n o f 950°C. These r e s u l t s i n d i c a t e 

t h a t f o r holdup t imes around 5 m i n , 993 

o f the b l a n k e t - c o n t a i n e d t r i t i u m can be 

removed to ach ieve i n v e n t o r i e s o f 

12 500 Ci o r 1.2 g . 

MOLYBDENUM ALLOY (TZM) BLANKET 

CONTAINMENT 

Our b l a n k e t concept f o r the Be-Li-Be^O., 

canned w i t h the molybdenum a l l o y i s shown 

i n F i g . 2 . Our f i r s t task here i s t o e s t i ­

mate the permeat ion o f t r i t i u m 10 the 

potass ium-vapor coo lan t stream so t h a t we 

Tou t He-flow 
-2 kg/s 

* I * *lU * « P V | 
K vapor » K vapor | \ ' . , 
900 UC 900°C — ^ ~ 6 * L r 

k - 30 cm diam 

J 
Ho. L i , . 

jBCi/m 3 

0.002 Torr 

L i 2 B e , 0 3 • Be 

H B flow passagai 0.7 mm \jb. 
25 holes/cm 2 AP = 3 psi 

FIGURE 2. B lanket Module Design With 
Potassium-Vapor Cool ing and I n t e g r a l 
Secondary T r i t i u n Containment 



can size the wall thicknesses properly and 
obtain pressure drop estimates for the 
helium scavenging flow. 
Heljum Scavenging System 

A helium scavenging flow rate of 2 kg/s 
is selected. Such a rate w i l l provide 
good scavenging characterist ics, low pres­
sure drop through the blanket, and small 
piping costs. The porous Be-LipBe-O, bed 
shown in H g . 2 must be designed to pro­
vide a low pressure drop for the hel*um 
scavenging stream so as to avoid stressing 
the TZM internal structures. A pressure 
drop around ?] kPa (3 psi) is desired. I f 
a small fraction (1 ) of the blanket area 
can be u t i l i zed for flow passages through 
the Be-LUBeJ^ bed, the flow passage 

diameter and number density can be com-
2 

puted. A 1 . area would be about 2.5 m 
2 ( 7 0 f t ) producing linear velocity of 

7.6 m/s (25 f t / s ) . The diameter required 
to meet the pressure drop c r i te r ia w-";l 
therefore be 0.7 rare. Thus, there wouid be 
about 25 holes/cm . The flow w i l l be 
laminar at a Reynolds number of 5. 

I t should also be mentioned here that 
the total pressure of the helium scavenging 
stream is maintained around 1 atm. The 
potassium-vapor coolant stream total 
pressure w i l l be aruund 3 atm. The purpose 
of this difference is to ensure tht.t any 
fa i lu re or breeching cf the TZM blanket 
container w i l l result in a guaranteed flow 
ct potassium ;'-:tj the helium scavenging 
stream. This is expected to prevent 
massive t r i t i um leaks into the potassium 
via mechanical fractures or pores. 

fit th is helium scavenging flow rate of 
2 kg/s, the t r i t ium production within the 
blanket of 3.6 * I d 3 g/s w i l l result in a 
concentration of 1.8 * 10" atm or 5 Ci/m 
in the helium flow This concentration 
would constitute the driving force out of 

the blanket across the TZM tubes into the 
potassium-vapor coolant flow or any other 
sink. However, a scavenging agent such as 
l i th ium vapor can be added to the helium 
flow to complex t h - t r i t i um into l i th ium 
and L i -T , which w i l l not permeate the TZM 
barr ier . 

Data on the equil ibrium d is t r ibut ion 
of gas-phase constituents as a function 
of temperature in the Li-D systems are 
a v a i l a b l e . ' 1 3 ' At 950°C, about 480 mol of 
D\ are complexed with l i th ium for any 
single mole of D, freely available m the 
gas phase for permeation. The l i thium 
vapor acts as a scavenging agent to reduce 
the effect ive D, concentration by a factor 
of 480. I t i s assumed that the Li-T e ; 'S-
teni w i l l behave ident ica l ly . 

I t is obvious that this l i thium vapor 
getter concept becomes feasible only at 
high temperature where the equilibrium is 
favorably shifted toward the complex above 
S00°C. There is one constraint, however. 
The amount of lithium-phase vipor cannot 
exceed i t s vapor pressure; otherwise a 
i iquid phase w i l l condense out. In Oijr 
design, a concentration of 1.0 Torr (O.l t ) 
was used, which is safely below i ts 4-Torr 

(14) 
vapor pressure.* ' 
Permeation 

Available permeation data for 
molybden-jm indicate that i f the 1ZM sol id 
suspension system w i l l behave as pure 
molybdenum and i f the l i th ium scavenging 
agent performs i t s task in the helium 
scavenging f low, the 2-mm TZM tuiies with 
an aggregated area* ' of about 2 * 10 

2 
cm (about 50% of the heat transfer area) 
w i l l permeate t r i t i um at 3600 Ci/d to the 
potassium-vapor coolant. 

I f 5% of th is T.oss by further leakage 
appeared in the reactor-hall atmosphere, 
the room processor could handle th is load, 



since i t s maximum rating would >>e 180 Ci/d 
at 58.8 m / s . However, most of th is loss 
is expected to appear in the potassium-
vapor coolant loop with a flow around 
2000 kg/s, ' resulting in a t r i t ium 
concentration of around 34 i.Ci/m . This 
level of contamination is 17 times MPC for 
a controlled access area, assuming that 
i t was a l l converted to T,0 by the time 
i t came in contact with oper^iing per­
sonnel. A t r i t ium leak from this l ine and 
a ten-fold d i lu t ion (authorized 25-rem 
dose) allow the unprotected emergency 
rescue worker about 1-min to accomplish 
his task, 

There are other sources of t r i t i um, 
however. T r i t iun is produced at low levels 
with the beryl 1iun in portions of the 
blanket that would not require a tUhium 
breeding material or an associated helium 
scavenging flow (added molybdenum is 
degrading to the neutronics). For this 
reactor concept, this t r i t i um production 
would amount to 31 100 Ci /d . This would 
be intolerable i f i t were to ta l l y released 
to the potassium-vapor flow. Thus, these 
purely energy-producing blanket sections 
can be contained also with TZM tubes as 
before, but for the same oermeation leak­
age at 3600 Ci /d , the wall thicknesses 
could be reduced by 100 or so. 

Trit ium woulii also enter the potassium-
\ ^r stream through the f i r s t wall 
(n!t^ium-U zirconium) through energetic 
par t ic le implantation deep into the 
niobium wal l . Altnuugh the peak t r i t t ym 
concentration level w i l l occur only a few 
micrometres ' into the niobium surface 
from the plasma, the di f fusion coeff icient 
is so very large that one must assume 
that the wall acts as a source of t r i t i um 
at a depth of 1.5 mm and in porportion to 
the relat ive distances (1.5 um/2 mm) could 

leak into the potassium-vapor stream. 
This leakage is expected to be 96.8 C i /d , 
contributing 0.7 uCi/m to the concentra­
t ion . These problems can be handled 
through the addition of a lithium-vapor 
scavenging agent to the potassium vapor. 
As before, l i thium w i l l complex the 
t r i t ium containment through LIT and Li ?T 
and reduce the gaseous T9 level some 4H0 
times to 0.7 :Xi/m . 

Blanket Tritium Processing 
A moving bed qe t te r - ^J of zirconium 

pellets can be used to remove t r i t i um 
selectively from the L i l and Li_T in the 
blanket helium scavenging flow and fror. a 
s l ip stream taken off the i^ain -oolant 
potassium flow. Such getter systems* 
typicaUy have capacities of 60 cm' T 
per qran- of getter at standard temperature 
and pressure. Thus, t h s moving q e t f r bed 
would remove at B0" per pass (loading at 
3.8wppm), the t r i t i u u that would leak 
into the helium scaverging flow. The 
getter material would move at 55 kg/min, 
tying up 1900 g of t r i t ium as inventor* 
in the 7K-m beCi. In ra i l road-car- lot 
quant i t ies, zirconium (with up to 10'~ 
hafnium as impurity) as getter would cost 
6,5 mi l l ion dol lars. 

To handle the potassium-vapor flow, 
the moving getter bed concept can he 
u t i l i zed by processing a s l ip stream of 
34 î Ci/m of T- through the moving getter 
bed. This small unit would only have to 
process 7 g of getter per minute. 

The 7.3-Ci/d leakage of t r i t ium from 
the potassium coolant loop (with 34 pCi/m 
t r i t ium} into the reactor hall can be 
estimated assuming 100 m of 2.5-mm-wall 
stainless steel pipe of 15-cm i . d . Most 
of this low-level leakage can be purged 
by a i r ducting arranged along the pipeway 



channels with the f l o * into the reactor 
hall processor. 

The leakage of t r i t i um from the potas­
sium through the steam boi ler heat ex­
changer into the steam would be an es t i ­
mated 0.7 Ci/d fur a Haynes-25* boiler at 

•Reference to a company or product name 
does not imply approval or reconsuendetion 
of the product by the University of 
California or tnf1 ').i. Energy Research & 
Development Administration to trie ex­
clusion of others that may be suitable, 

7 2 600"C with an area of 5 * 10 cm and with 
3.8-mm-th1ck stainless steel «J?11S. A 
stainless steal boi ler with a th in tung­
sten clad coating of 100 urn w i l l reduce 
this leakage to 0.03 Ci/d. 

A summary of these various process-
stream t r i t i um concentrations and their 
associated leakages is given in Fig. 3. 
C iea r l j , where accidental exposure to 
workers from process piping fa i lu re is 
possible, concentrations near MPC are 
desirable. The t r i i u m leakage to the 

Carth's atmosphere 
0.03 Ci/d 

Leaks 
S6Ci/d 4 

Triton implantation 

Hydrosphere 

FIGURE 3. Control of Tritium Losses 



envi ronment i s below out goal o f 1 C i / d . 

This ranges f rom below 0.03 C i / d f rom the 

r e a c t o r h a l l under acc iden t c o n d i t i o n s to 

0.7 C i / d i f a l l the leakage f rom the 

b o i l e r appeared i n the steam c y c l e and 

escaped. 
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