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Th i ^ year we h;we begun a new program at 
Lawrence [.i veracre Laboratory <LLl] on s^ifueU from 
fus: n, ir. roJ'.^tc-'*a:.:r.iii with the University of 
«ash;r.g* j r ' an." £KK°'- '<'r;i-ear. In thin program, we 
are designing a fusion blanket, thai can provide th" 
heat Fine be e f i ' i c i 
t.hrei- therm chemic 

l / . i ier ani a .. • r. ;:;:>•-.•: 
n-i^ro."^)'.-'"^ m^vinj; t^c 
f,red a wide variety of 
diing tv? t r i t-i Lin. Iter 

ly interfaced Lo any one of 
cy-'.es that, have be«n demon-

•jtr'^j.fji in =t ^>,P'-'i-'. ""- pilot '•"ale. Two blanket 
type:; .';r>? bf:v. :;'.::.•-:; a lithium-s&Giurii pool 

•le- or il'jjninate-
For each we have consid-

urrent tec; , , nology in han-
, we show the pool boil**" 

with Ihe ^ulf'.r-iu'lirie theniocheaiical cy;le f i r s t 
developed and now being piloted by the General 
' • oni - C-mpany. TV' t.rit.uir {T3j will be generated 
ir. tii*- ; tthiurn-sodiun mixture where the concentra
tion :?_ -10 pprrL and I"PH constant by a scavenging 
system consisting runnly or permeators. fln intor-
irie-iiatr- sod:or loop carries the blanket heat tr the 
lhenioc.-.'aEi-r>! cycie, and the T2 in this loop la 
h^Id u ; pp* hy :i similar scavenging system. With 
th is design, we hav j maintained blanket inventory 
a'. 1 kg of trit ium, kept thermochernioal cycle loss-
c" to '. f",'d and envirorw.enUl losses to 10 Ci/d, 
nnri reid lota'. [,lur.t risk inventory at 7 kg tri t ium. 

The proluction of synthetic fuel3 will be of 
increasing mportamie in the coming decides, as 
pore acute r.h'irtsgPF of transportable fuels occur. 
*• ' ' v ;.i.n! , 'I'- I ,"..:,:i ijunnunity has focused TI 
;,-JWLT plants for e iee t r ic power production. In 
addiuon to future e lect r ica l power plants being 
fusion based, we need to develop and examine a va
riety of synthetic fuel production concepts for 
which a fusion energy source may b« used. The 
Tardea Mirror Keactar (TKFO is an emerging engi
neering design concept for fusion energy baaed on 
Lawrence Livermore Laboratory (LLL) tandem mirror 
physics now being developed. 

The coupling of a TtfH to one of three thenno^ 
chemical cycles is being studied under a new 
Department of Energy CDOE) contract at LLL- en t i 
tled, "Synfuels Frum Fusion." In this design 
study, we are taking unique advantage of the favor
able engineering features of the tandem configura-

rtark performed vnter *'ie auspisea of the U.S. 
Department of Energy by the Lawrence Livertdore 
Laboratory under contract number W-T^OS-Eng-^a. 

lion that is a simple, cy'-indric&l-solenoidal, 
energy-producing section between end c e l l s . The 
end cello provide the containment. The central-
cell solenoid contains -nodular blanket sections 
that produce both high-temperature process heat 
(950°C) and the required trit ium to run the DT re
actor. Material and engineering structural prob
lems are minimized by the geometry, steady s t a t e 
temperature, and magnetic f ie ld. 

Two tandem jiirror blanket concepts are being 
explored: a lithium-sodium l;q r.'!d-metal poo] 
boiler and a 1Jthiura-oxide-microsphere moving bed. 
Three thermochemical cycles are being examined to 
reveal their specific advantages or disadvantages 
in interfacing with the THR: the General Atomic* 
sulfur-iodine cycle; the WesLir.ghouse sulfur cycle; 
and the International Atoisic Energy Agency at 
Ispra, I ta ly , Mark 1 3- u 2 cycle. Here, we describe 
the approach for handling tritium in the fusion 
reactor in connection with the General Atomic 
sulfur iodine proct'33, 

THE LTTiilJM-SODJUK CAULDflON JiUflh'KI i'rl'iJGH 

The original cauldron blfjnkei concept of 
Lee (J-3), linked to the p r ^ e n t TMS ^eojj^try, 
allows ur. to surround the pl^ma with a sealed '•"?'•>' 
se'i contairiing a binary nixljn.' cf tOi lithiuir anc 
rjQ1 s-idi'X. Thj:- ;;:rtple pool boiler i" shown in 
Figure ' . The plnsra.". or.ergy ,np.i*: heats ',;.<•• ;",ui>'. 
mixture and caune? t;'* liodiurf, f; preferential ly 
vaporize. The vapor p ressure :A' lithium and so
dium at l^O K are 0.0? and '•.'• r\'m, respectively 
{' i, a difference of Y~J t:r.f-»~. The "itniux is left 
behind in lh< 'i.^uid -stale to breed tritium, LjLh-
LWK aline OCJ'. ' r.r.i bt used because unrerisonabiy 
high vapor velocities would be necessary to carry 
the heat away. The sodium v^nor, transporting en
ergy as latent heat, condenses on heat exchange-
tubes that are out. ;.de of ihfc r:aftnt-:i.c field ?s>\\* 
and are therefore free from magneto hydr-odyna^ic 
effects. Energy is then transferred from the 
condensing-vapor heat exchaijger tu sotiium coolant. 
This i3 accomplished by heat transfer fluid in an 
intermediate loop that carries the heat outside the 
nuclear ir.lanc to the myriad process exchanger.'; 
within the thencochemical hydrogen-prediction cycle, 

In the cauldron, the lithium and sodium are 
completely miacible and a circulation pattern is 

Reference to a company or product naae does not 
imply approval or recommendation c f the product 
t>y the University of California or the U.S. 
Tepartment of Energy to tne exclusion of others 
that may be sui table . 



Figure 1 Ulhiuni jgdiuni cauldron pool boilfii deiign 

established by two effects: the exponential de
crease in energy deposition in the blanket as a 
function of radius, creating a temperature and den
sity gradient; and the density difference between 
liquid sodium and lithium. Additional means to 
drive the circulation are provided by sparging with 
helium gas. 

The structural container for this hot, 1200-K 
fluid caixture is ̂ ctui-ily held at a temperature of 
700 to 750 K so that a significant AT is introduced 
across the first wall. This ia accomplished by 
providing a compressively loaded membrane on the 
not 3ide, and heat exchanger tubes on the cool 
side. Sandwiched in between is a aetallic sponge 
with a low thermal conductivity value, perhaps 10$ 
that of cocraon metals. The thickness of this 
sponge is a design parameter and can be set some
what at our discretion, probably -~2 en. About a 
HOJ void fraction of interconnected pores is se
lected so that a contrcllatle mass flow rat* s( so-
clun can bt passed through this sponge in order to 
select the 500- to 550-aC AT we require. One of 

the favorable characteristics of this module is ita 
low operating pressure (•*•!.5 a tin] and consequent 
low stresses. These low stresses, coupled with the 
low structural temperature, makes safety and integ
rity of containment the real attraction of this 
design concept. 

The individual cauldron blanket modules are 
interspersed between successive adenoidal coils 
which are in turn spaced around four central meters 
at a distance determined by allowable ripple (5>) 
in the B field. There ic likely to be 6 modules 
for each 1-meter section, or approximately 150 mod
ules in all. The modules are isolated from the 
outside environment by: 

• A double wall structure, 
* A carbon reflector and shield, 
• An in ter ior envelope covering the reactor 

and held at approximately 10" 6 to 
10~5 Torr, and 

t A 1.0- or 1,5-01 s tee l - l 'ned , concrete con
tainment structure that is evacuated or eon-
tains an inert cover gas. 

TRITIUM LOSS LEVELS 

Tritium losses in the TMH were set belcw 
10 Ci/d to meet the goal of emissions to the envi
ronment, while s t i l l maintaining worker safety and 
cost effectiveness, A number of new methods have 
beer employed to achieve 3uch low levels in a near-
terrs machine. Figure 1 suncarizes our goals for 
the various trit ium leak source term3 and the asso
ciated processing loops. 

Tritium bred In the bUnket will permeate the 
condenser tubes in the lithium-sodium pool boiler 
or the lithium-oxide helium contactor, ana eventu
ally the sodium Loop feeding the numerous 
Incoloy-fiOQ process exchangers within the large 
theraochemical plant. We have set a limit of tn is 
tri t ium leakage into the thermochemical process at 
5 Ci/d. For 100,000 m3/h of hydrogen production, 
this would produce a maximum of ?. pCi/m3 of 
tritium (HT) in the hydrogen product, 20% of the 
IQ-uCi/m3 limit established ?s a breathable atmo
sphere for the occupational worker. By the time 
any of this hydrogen gets to the market place, i t 
would be diluted below the O.OU-uCi/m1 HT level set 
as a breathable atmosphere for the general public. 
For example, at a 10% level of hydrogen in natural 
gas supnlies, a O.OU-uCi/m3 tritium (HTO) level 
would be typical . Brockman's group ,u Julich (5) 
believe they can meet a C.01-uCi/m3 level for HTO 
in the hydrogen used for synthetic natural gas. I t 
appears uneconomical for us tc neet such low levels 
in our design. Consequently, we have act a product 
level of 5 Ci/d for each of our design concepts 
able to aeet this gqgl. Blanket module failure or 
sodium lcop failures must not raise the tritium 
leakage into the thermochemieal process to unac-
ceptably high levels, 

CONTROL OF TBITI'JM FRODUCED IN THE LITHIUM-SOD! 131 
POOL BOILER 

In this section we out Line several s trategies 
for handling tritium in the iifchiurn-sodiun boiler 
blanket, and i l l u s t r a t e the key resul t s . We exam
ine f i r s t two alloy candidates, titaniun-zirconium-
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Figure 2. Tritium source terms and processing loops, All flow rates in g/h. 

molybderum a l l o y (TZM) and Inco loy -800 , fo r the 
pool condensing-vapor neat exchanger. Then we look 
a t the f e a s i b i l i t y i f niobium penneators and 
precious-metal moving g e t t e r beds. 

F i r s t , ue need to e s t a b l i s h the r e l a t i o n s h i p 
between the concent ra t ion ( i . e . , i nven to ry ) i n the 
l i th ium-sod ium b o i l e r and the t r i t i u m p a r t i a l r - e s -
sure . There are no data that we know o f concerning 
hydrogen or i t s isotopes i n the l i th ium-sod ium b i 
nary system. Heumann and Salmon ( 6 ) , and Maroni 
and coworkers ( 7 ) , have measured p a r t i a l pressures 
o f t r i t i u m , deuter ium, and hydrogen over l i t h i u m 
from 700 to ]00n°C. T r i t i u m exh ib i t s a very d i f 
fe ren t p a r t i a l pressure p dependence on concentra
t i o n than do f-Uher deuterium or hydrogen, and 
there appear some doubts (7) as to whether Raou l t ' s 
lav (p a X) or S i e v e r t ' s law (p * X 2 ) app ly . Impu
r i t i e s i n the t r i t i u m measurements may have caused 
these resu l t s to be anomalous, and recent data 
analyses (3) i nd i ca te S i e v e r t ' s law i s p r e f e r r e d . 
Consequently, we have used S i e v e r t ' s law as repre
sent ing the base cas j s i t u a t i o n : 

p (a to ) = (X/K )* , 

where 

K q = 0.159 atm- at 950 C, and 

X ; the raoU f r a c t i o n of t r i t i u m . 

I f the l i th ium-sodium b o i l e r has a 1256-m3 v o l 
ume and contains 1 kg o f t r i t i u m , wt est imate the 
mole f r a c t i o n o f t r i t i u a (T) a t about 10 ppa, Th is 
w i l l d i f f e r s l i g h t l y depending on the r a t i o of 

l i t h i u m to sodium, but a mixture w i t h equal amounLs 
o f each was used throughout . For t h i s s i t u a t i o n , 
the p a r t i a l pressure o f T is ca l cu la ted as 
4 x 10~ 9 atm, assuming the pui " atomic species 
e x i s t s and neg lec t ing H10, CH3T, LiOT, MaOT. 
e t c . These Impur i t i es are expected to be minor 
c o n s t i t u e n t s , but should not be ignored complete ly , 

Ava i l ab le permeation data (8-13) fo r var ious 
Dietals and a l l o y s are displayed i n Figure 3. I : is 
obvious that fo r app l i ca t ions at about 950°C, 
a l l o y s law on the p l o t are an exce l len t choice 
owing to t h e i r low t r i t i u m permeation. 

Lithium-Sodium Vaoor-Space Processing System : Wi_th._g 
TZM or Incoloy-8Q0 Condenser 

Here we o u t l i n e the l i th ium-sodiu ic vapor-space 
processing system, and then the main heat t r ans fe r 
loop and i t s t r i t i u m scavenging system (Figure t ) . 
F i r s t we c a l c u l a t e the l i th ium-sod ium vapor perae-
a tor area based on saa l l -d iameter niobium tub£3 
i .U-nn th i ck w i th 2-attn iow- f lcw he l iua sweep gas 
(.owing on the s h e l l side a t 10C0°C. The tubes are 
h o t t e r than the l i th ium-sodium vapor in order to 
keep the permeator sur face c lean . This permeator 
can be placed ex te rna l to '. 3 blanket w i t h the 
l i th ium-sodium vapor-3pace gases c i r c u l a t i n g 
through the tube3. I f we assume 9J o f the deute
r ium and t r i t i u m react ( the upper U n i t ) , about 
16 g/h o f t r i t i u c w i l l have to be recovered. 
With a permeation c o e f f i c i e n t of 
200 co (STP) # cn /h ' cm 2 »a tm l ' ' : ( 8 ) , a permeator 
area o f 733 m2 i s requ i red , assuming there i s no 

3 
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degradation of surface ac t iv i ty from dir t and 
Imparities. 

With a part ial pressure of 1 x 10" 9 atm, the 
tritium (T 2) in the lithium-sodiun boiler will 
permeate through the 6000 m* of TZH 1-can-thick con
denser walls at 600 Ci/h, assuming that the ga3 
apecles i s ei ther DT or HT, and not T 2 . This 
permeation of tritium into the sodium loop will 
continue to ra ise the sodium-loop trit ium concen
tration to a level that would adversely affect the 
thermochemical process. We believe that control
ling the trit ium loss to 5 Ci/d i s mandatory. If 
we limit the permeation loss through the fiOOO-m* 
Incoloy-800 process exchanger to 5 Ci/d, the 
sodium-loop T2 par t ia l pressure must be held to 
2 x 1 0 ' 1 2 atm. This problem i s made much easier 
by a chromium-oxide layer which i s expected to form 
on the thenrochemical process side as the resul t f 
oxidizing conditions in the stream. For th is s i tu
ation, a penceation coefficient of 3.5 x 10" 3 i s 
expected (13). The detai ls of these results are 
discussed in Reference 1-4-

We can maintain the par t ia l pressure in the 
sodium loop at 2 x 10"" atm by means of a sodium 
loop perneator with an area of 120 m2. The addi
tional perneator would also be a niobium tube ex
changer with hot helium sweep gas on the shell 

s ide , and sodiun on the tube s ide. Again, the tube 
would be kept at 1000PC, which is hotter than the 
sodium, in order to keep the surface clean. The 
hot helium would be scavenged of i t s low-level t r i 
tium by a conventional cata lyt ic oxidation and mole 
sieve-adsorption process t rain (15-19). 

The concentration of T 2 in the sodium loop cor
responding to a par t ia l pressure of 2 x 10" 1 2 atm 
can be estimated from sodium-hydride data (20), 
assuming Sievert 'a law, at 2.6 ppb. These data and 
our methods of extrapolation are only approximate, 
but at least an estimate is helpful. 

Incoloy-800 alloy for the in-blanket condenser 
i s a viable a l ternate to TZH, as shown in Figure 5. 
This material permeates 3-5 times faster than TZH. 
Thus, the transport of tritium from the lithium-
sodium boiler into the sodium loop will increase to 
2090 Ci/h. If we s t i l l r e s t r i c t process 103363 to 
5 Ci/d1 then we calculate from permeation rates 
that the sodium ioop penneator area must be in
creased to 730 ID1. No other units in the process 
t r a in need to be al tered. We believe th is larger 
permeator is s t i l l feasible. 

Lithium-'odium Vapor-Space Processing System With a 
Moving Getter Bed 

This process is similar to the one above, ex
cept that the lithium-sodium boiler permeator i s 
replaced by a getter bed (Figure 5), Here the 
getter bed must handle 16 g/h of tri t ium. From a 
mass balance computation, i t appears feasible if 
the bed is continuously moved through -i regenerator 
process c i rcui t at a rate of about 38 kg/d for bed 
loadings of l j by weight, or 330 kg/d for Q.lJ. 
For a bed residence time of 10 h, th i s would amount 
to an inventory or only 160 g of t r i t ium. With 
beds of 1-cni coated part:'cles in lengths of several 
meters and diareet?rs atwut a third of a meter, the 
pressure drops wcu'd be very small. 

Although we have only experimental data on the 
performance of a yttrium getter bed with lithium at 
tritium ppm levels and 20C°C (2 i ) , we believe we 
uould process the inert-ga.1) vapor-npaep at 950°C. 
Clearly, we need core experimental work. Singleton 
et a l . , (22) showed that good purification factors 
( i . e . , in le t /out le t concentration rat ios) of 10 to 
20 were achievable with cerium in the trit ium con
centration range of 0.1 ppb to 100 ppb in argon. 
Because we are seeking levels of 10 ppra tritium in 
the lithium-sodium melt, t.jese lithium-yttrium and 
helium-cerium performance tests are very encourag
ing. I t appears that with adequate vessels {with 
tritium permeation lower than 316-stainless s teel) 
the getter bed can be operated in excess of 600°C 
with no decline in performance (22). 

Because yttrium-lithium-tritium getter systems 
can only reach about 1 ppm at 200°C, and we need 
levels of 2 to , ppb in the 3odium lcop, the 
yttrium getter approach does not appear workable. 

Lithium-Sodium Vapcr-Space Processing System With 
Tritium-Removal Heat Pipes 

This process is also s in i ia r to tr.03e above, 
except that the lithiuc-sodiun boiler permeator i s 
replaced by trl t iuc-concentrating heat pipes 
(Figure 7) . The principle is discussed in Refer
ences 23 and 21, and involves a conventional heat 
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Figure 4. Lithium-sodium vapor-space processing system with a TZM condenser. 
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Figure 5. Lithium-sodium vapor space processing system with an Incoloy-BOO in-blanket condenser. 
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Figure 6. Lithium-sodium vapor-space processing system with a moving getter bed. 
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Figure 7. Lithium-sodium vapor-space processing system with tritium-removal heat pipes. 



pip*? that is gas-buf fered where the ins ide sweep 
• icK^n of l i q u i d - m e t a l vapor pumps the gas and con
centrates i t s t one end. I f the gas conta ins t r i 
t ium, t h i s design al lows Tj concent ra t ion at 
p a r t i a l pressures or approximately 1 atm i n one end 
where permeation through a small window i n t o the 
t r i t i u m p u r i f i c a t i o n process can proceed r a p i d l y 

I n the o r i g i n a l concept, the heat pipe con
ta ined l i t h i u m , wlii^h under a neutron in f luence 
would breed t r i t i u m (?*0. I n t h i s case, however, 
we .ire breeding t r i t i u m i n the Lithi.um-sod'um 
b o i l e r , and would u t i l i z e t h i s heat -p ipe concept 
r;irar.ly as a k e a t - d r i ve.ii concentrator using sodium. 
We f i r s t examined the f e a s i b i l i t y of rep lac ing the 
condenser t : > s wi'.h heat pipes o f Inco loy-800. 
The permeab i l i t y -jf " i i i s a l l o y in a :ube area o f 
Onoo mJ i s . ar p rev ious ly i nd i ca ted , 2090 C i / h . 
The l i thium-sGdium h c i l e r T ; inventory i s l kg at 
;•. p - r t i a l pves.*='jr" r.'. u x IT1* ntrn. 

The c^i- l^nser <•:]•] would permeate t r i t i u m at t h ^ 
recurred r i t e to Vv ' .r i tLum p u r i f i c a t i o n system 
' hro-jgh a ,'-;jn-i 11 ni r ' l . ium window .it th ° tube 's end. 
This in f .o: , r : t l f ? Ii^-Tuse the T ; in the ho.it pipe 
w i ' i l l incr1"-!::'1 to : p a r t i a l pressure of about 
i ' . O - 3 ,uir.. 

Our tori ir.n refj i j; r ^ a heat t rans fe r or perinea-
l , ion area of 1 i00 nf i t the »-aporator end of the 
! u V pipe, a; d id I n-- condenser ,;h'-wn i n Figure 5. 
Th:.-, - i^s i r i . " f r ^ s ' -.' -idvantage ' ' "oncerl r a t i n g 
•inri - - p a n t i ' i f ' h " ' • '..urn. Conj '- j .*-nt l y , i t ap-
|.'--arr- ;,ha*. ' . : i : - " : . - ; ' i r -ccncentra ' . ing heat pipe 
•w.'.*. be »*'el • ei;*. I ' x the blanket design where 
••, ' . • , j - \>-'-<'::\7J ' ; ; i L̂e undertaken i r the J j t h i u a -
,"/d;j-n poo l . and r«n>-'V?d by the heat pipe to a sep-

.Vcord : T , tu c v 'calculat ions in back d i f f u s i o n 
I ' . iow. ',he h'-al pip*- --an operate wi th a larpe par-
* . a l pressor*; J i f f r - r o n o between the ends ( i . e . , 
! .«>v '• / . T ? 3i ,- .-,! the evaporat ion end, to 
at'.'ij1". :; x i o " 3 a u •••. the condenser end) because 
'J.;- ::,!-.y d r i v i n g I r>rce fo r back d i f f u s i o n of t r i -
t.un. is a^a.nst ',•/• r.udium vapcr v e l o c i t y . 

n< car ^ ' t i r ra ' .e the; extent of t h i s back d i f r u -
:--r. !y •j-t- iT.inirif;. the b inary d i f f u s i o n ( c o e r f i -

• . '*nl of t r i t i u m ;n sodium vapor! . C r i t i c a l prop-
""*„.•• .- f^ir sodium vapor are as f ^ i i ows (?!>): 

T e n p T a U r * 7,. = ?BC'J Y. 
P r o c u r e F . • SIC ai.m 
Volume Vp = JC*0 cc/Rmole 
Density p „ = Ĵ• 1533 P / CC 
n ^ . ' e s s i b i l i t y : z „ = 0.327 

Vi'e f - . t imate t.oe binary d i f f u s i o n c o e f f i c i e n t at 
1200 K to be 2.23 om 2 /s . as discussed ir. Reference 

I f we use 100,000 heat pipes about 2-n long and 
£ cm in diameter, t h sodiua vapor Dux w i l l be 
about '• f ;m /cn 2 ' 3 ( or a l i n e a r v e l o c i t y o f 116 ci/s 
w ! t . i i n thn tube. We found that w i t h the condenser 
end conta in ing 2 * i 0 " ? atE o f T j , the hack 
d i f f u s i o n o f the T 2 i s exac t ly matched by the 
I j j l k flew of the sodium vapor in the opposi te £:-
r e c t i on to obta in ar. acceptable ra te o l 10 g /h or 
t r i M u m . We can const ruct windows at the tube ends 
w i th a t o t a l area o f 30 n i determined from permea
t i on c a l c u l a t i o n s . These window? would be a 
. - m - t h i c k disk of niobium, 7 err in j iarooter, 

f i t t e d to the end of the tube. This permeation 
window design would conta in the T 2 a t the con
denser end a t a p a r t i a l pressure o f 1 x 10" 3 a t n , 
s a f e l y below the 2 x 10" atn at which hack d i f 
fus ion bcg l rs to be a problem. 

REMOVAL OF HELIUM-** 

The removal o f hel ium- 1 ! is c r i t i c a l to the op
e ra t i on of the b lanket . The hel ium- 1 ! i s generated 
a t a r a t e equal to that of the t r i t i u m , and the 
hel ium- 1 ! w i l l not permeate through metal permea-
t o r s . We f i n d that hel-um-1 w i l l permeate through 
fused s i l i c a a t about 10 times the rate o f t r i t i u m 
i n niobium, w i th a helium- 1* p a r t i a l pressure o f 
0.ti5 a"-m i n the blanket (27-29) . 

As a r e s u l t , hsliuffl- ' l could be removta by a 
1100-m2 hot f u s e d - s i l i c a window, Les.i than 
0 .1 C i /h of t r i t i u m woul<i pass through the window 
along w i th the 16 g/h of h»l ium-4. The near ly pure 
hel ium- 1 ! could then be fed to a standard c a t a l y t i c 
ox i ' - - t i on /mo lecu la r s i e v - a ; l s o r p t i o n u n i : to r e 
cover any res idua l t r i t i u m for the fuel p u r i f i c a 
t i o n process. Thy* h e l i u r M would ther. bf cleaned 
to t r i t i u m leve ls of about 0.11 that of the incom
ing stream, or less than 0.1 C i / d . We be l ieve a t 
t h i s p o i n t , the he l i un - 1 ; CO>JM be r.afcly s t i c k e d , 
adding less than 0*1 CiAl i o the est imated t r i t i u m 
loss of 10 C i / d . 

A p a r t i a l condense*" -s required *-o remove va
por ized l . t h i u i r or sodiun or ether impur i t i es '-hat 
couid condense on the fu.'sec'-Ml ica su r fac - {*>r the 
niobium surface as w e l l ) . [iy ccniiensing out any 
i m p u r i t i e s , and keeping t-he.w.1 s i l i c a tubh^ ho t te r 
than the gas processed t^ i v n i d s i c n i f i c a n t impu
r i t y adsorp t ion , a long , h ' - . ^ - r i f f i c iency l i f e is 
ensured. Th is proposed ter'nriique would have to be 
t e s t e d , however, s ince eve:. r-ah)\ amounts of non-
condtnbed l i t h i u m ^r sarium would 1 in:!" the l i f e 
t ime o f the f used -s i l i c n pornfr'stor. I t would be 
advantageous to expand tl:e f ;n : - t i on of t h i s p a r t i a l 
condenser w i t h a prpces" inr 1-Tjp capable <;f remov
ing nore conp'ex impur i t i es through the USM of spe
c i a l ge t t e r s or chenicai .^"-iv-'iiser:-. 

Another major source of t r i t i u m leakage is the 
t r i t i u m neut ra l -bnan i r j e c ' o r , uUsre SS-k^V t r : -
tons implant t r i ' . i u n ir, th . ' • ' ! s t r o d e tub ing •sur
f ace . Onci.' ;n the Lub-f mf'.•"•.'., u f oa!c~". i t * that 
the t r i ' . i u i : w i l l d i f f u s e , ;.".',iiu--?:np a f l ^ . . of t r i 
t ium i n t o the e lect rode h " l i un -coo lan t f lew at 
about 70,560 C i / d . A !0J ' " r a " t n n of the coolant 
f low i s then pro'i(S?3fr«'J to rerove 99J c f the : . r i -
t ium. The r e s u l t i n g res idua l t r i ' . i um > a k s i n t o 
thp "neat exchanrTers cr steam generators v. about 
3 C i / d , wtiere i t f -vcntual lv pas.-e.s in to the coo l i ng 
water and theri r." t h ' j or.vl"c:ir:r-r.:. 4 The ieutnr ium 
i n j e c t o r uses .ieut<riu::i w ; t h a nasiiruir. 11 V i t i u n 
impur i ty > v e l , and i t ^re'-.i os i 0.3 C:/d leak to 
t h t proces.;. 

A s i m i l a r t r i t i . m Loss occurs i n the T h T s d i 
rec t conver ter , where u^-k^V t r i t o n s produce a leak 
of 8000 Ci /d i n to the he l i .m f l ow. Again, a }9,9? 
processor is used, hand l i s t SJ c f the f low ;o r e 
duce the t r i t i u m 1 >ss to ie?s than 3 Ci- 'd. 

A l l r( the remaining miscellaneous leaks fror. 
the nuc'-rar i3lar,d equipTe^: and p ip ing or c , c t ing 
a r - assumed to leak in 'r- **<* ppar»tnr h a i l at a max
imum ra te o f 130 r t / d . The reactor h a l l atmosphere 
is processed and kept at lew humidi ty to mainta in 
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tritium gas levels or below iio pCi/m3, and HTQ lev-
i s belo* 10 ijCi/tr.3, As a result of this reactor 
hall processing design, routine as well as credible 
accidental losses of less than 1 Ci/d through the 
reactor hall are expected. 

The tritiuci loss to the thercochemtcal process 
and thu3 to the environment is designed to be 
around 12 Ci/d. with 5 Ci/d dissipated from the 
blanket, 3 Ci/d fron injectors, 3 Ci/d from the 
direct converter, and less than 1 Ci/d from the 
reactor ha l l . This level i s consistent with other 
studies (15-18, 30-'i0) and Nuclear Regulatory Com
mission (MfiC) regulations (ill, U2] for a l l nuclear 
fuel cycle operations, but is about the level sug
gested by the NRC "As Low As Reasonably Achievable" 
(ALARA) co3t-benef;t analysis (19, 4l-M) with an 
expenditure cutoff of $66,000. Using the ALARA 
cr i ter ion, we found that no further reductions in 
emissions could be accomplished by an expenditure 
of $56,000 for additional oxidizer-molecular sieves. 

CONCLUSIONS 

Ideally, the T 3 will be generated within the 
lithium-sodium mixture and the concentration will 
be allowed Lo increase to a 1-kg inventory or 
-10 ppm on a molar basis or about 1000 Ci/m 3. The 
T2 par t i? l prfiasura will be maintained at a con
stant 1 x 10" atm by a scavenging system contin
ually removing trit ium from the vapor space above 
the lithiUEi-sodium pool. For a tritium breeding 
ra t io in s l ight excess of unity, this scavenging 
system must handle tritium at a rate of ~15 g/h or 
150,000 Ci/h for a 2500-MWt reactor. The key to 
the scavenging system i3 the use of a Q.H-um nio
bium tubu]-r-arrjy permeator at a high temperature 
(1000°C). The surface area requirements were foi nd 
to be 750 m2. The inter iors of these tubes are 
swept with !0D0DC helium in order to keep tha tubes 
hot, clean, and low jn tr i t ium. The tritium will 
be processed by conventional ox'-datiun/adsorption 
processes. This techniqie maintains the tr . t ium 
inventory in the blanket at -1 kg. Helium-^, the 
other byproduct of the neutron-lithium reaction, i s 
removed from the blanket vapor space by a i'used-
s; l iea tube peraeator of MO00 a 2 . A vapor con
denser would protect the s i l i ca tube froc liquld-
flietal condensation. 

Tritium losses fron the blanket through the 
heat exchangers into the thernochemical cycle must 
be controlled within acceptable limits (2 uCi/n* or 
5 Ci/d). In one of our conceptual designs, heat i s 
extracted from th is lithium-sodium pool boiler by 
sodium vapor condensation o:i Incoloy-800 tubes 
within the vapor dome of the blanket. Tr i t iua will 
leak out Df the blanket via this path into the 
liquid-3odiua coolant flowing in these condenser 
tubes. The permeation rate was found to be 
2000 Ci/h. Such a large permeation leakage can be 
controlled by ins ta l l ing another niobium tube per
meator on the liquid-sodium flow side with a tube 
area of 730 o 2 . Tritium would thus be removed at 
2000 Ci/h. The part ial pressure of tri t ium in the 
sodium loop will increase until the aaount of t r i 
tium removed by the sodium-loop permeator, and the 
tritium leaked by permeation out of the Incoloy-800 
process heat exchanger, exactly match the permea
tion Into the acdium loop via the in-blanket con
denser tubes. He find that when we do th i s t r i a l 

and error calculation, the T 2 pa r t i a l pressure in 
the sodium levels at about 2 x 1 0 " l l attr.. We 
assume there ia an oxide barrier in the Incoloy-800 
process exchangers, such as sulfur trioxide decom
position. Actual high-temperature gas-cooled reac
tor experience at Peach Bottoa ha3 shown that 
Incoloy-800 offers excellent tritium retention 
properties by the formation of a protective oxide 
barrier with a permeation reduction factor of 200. 
With tl.a oxide barr ier , the trit ium loss to the 
thermochemical process would be around 5 Ci/d, 
which meets our environmental goals. Further re
ductions of tritium losses were possible. However, 
they were not cost-effective according to the NRC 
cri ter ion !ALARA) of $1000/can-reE or $20/Ci/y re
leased. 

We have explored several accident nodes. The 
sodium loop between the fusion blanket and the pro
cess functioned effectively as an isolat ion loop. 
A ]% leakage of tritium at a breeding rate of 
16 g/h would add only a 1600 Ci/h load to the so
dium loop permeator, and increase trit ium loss to 
the thermochemical process by only 28 Ci/d. This 
1J leakage appears to meet the present day NRC c r i 
te r ia Tor fission plants. Likewise, gross failure 
of the in-blanket condenser would merely dump the 
Lithium-sodium blanket material from one racdule 
( i . e . , 1/150 of blanket inventory) into the sodium 
coolant loop. This would nU r^suU in explosive 
accidents, and add only 20 Ci/d to the tritium 
loss . All lithium-sodium vessels were surrounded 
with graphite spheres, and the sodium piping was 
contained within inerted pipeways that were s t ee l -
lined to prevent sodium concrete reactions. 

The remaining tritium losses were calculated 
for permeation and leakage from other process com
ponent designs and found to be small ( i . e . , 3 Ci/d 
from the direct converter, 3 Ci/d from neutral-beam 
injectors, e t c . ) . Tritium inventory within onsite, 
remote storage tanks was 16 kg. For the cryopumps, 
inventory was estimated to be k kg. Cryogenic dis
t i l l a t i on columns held 1.*J kg. The remaining cryo-
panela, molecular sieve beds, e tc . , contained a 
total or 0.5 kg. The in-prucess tritium inventory 
at risk therefore (not including storage Unks sep
arated from the reactor), is expecf.ed to h<- about 
7 h5-
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