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THE DEVELO?MEhT OF TRITIU14 TECNNOLW FOR THE UNITED STATES MGNETIC ll.l SION ENERGY I’ROCRM

. .
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Los Alamos, N14 87565

Mound Facilitya
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Tritiwa technology development for the DOE
fusion prog~am is taking place principally ●t

three laboratories, Hound Facility, Argonne

h’s:ional Laboratory ●nd the Los Almos Scienti-

fic Laboratory, This paper will review thr

major ●spects of each of the Lhree programs md
look #t ●specr.s of the tritiwn technology being

drvelopsd at other laboratories within the United

states. Facilities ●nd ●xperiments to b? dis-

cussed include the Tritium Effluent Control Ltb-
ora tory and the Tritium Storage ●nd Delivery

System for th~ Tokamak Fusion Test Retctor ●t

Mo~rid Facility; the Lithium Processing Test Loop

●nd ?h@ solid bre~der blanket studies at Argonne;

an+ the Tritium Syttems Test Assembly ●t Los
Almos.

Introduction

lritium technology development for the DOE
fusion program is taking plac~ principally ●t

three laboratories, )tound Facility, Argonne

Na:ional Laboratory, ●nd Los A.lames National

Scientific Laboratory. Thil ~aper will review

the major ●opecta of each Ur the three programs

●nd 100”K ●t ●specta of the triti!xn technolofi
being d~veloped ●t other Laboratories within the

l%ited States,

Current Activities .n ?ritium Technology——

M.wnd Facility (W2

ttound Faci~> has been actively involved in

tritium technology for over 20 years. Recently

Mound has focuoed most of itn tritium technology

development on tritium containment •~d environ-
mental control, The two components of Hound’s

trititm technology development vhich ●re cur-
rently most active ●nd moat relevafit to fusion

neerf~ ●re the Tritium Effluent Control Laho~n-
tory (TECL) ●nd the Tritium Stora~e and Delivery

Syrtum (TSDS) projact for the TFTR.

The TIXL was initiatnd in 197J for davelop

crent and demonstration of tritium containment.
The tOat of TSCL is to prevent ●ny tritium

releaoe to the rnvironmmnt ●nd to r*covnt for

rtuse ●ll tritim relea-~d within th~ l~boratory,

TY.CL consists of an integrated ●?t of containment

system ●nd detritistion ●xperime~ts. Tritium

containment is provided by gloveboxcs, ● glov*-

box ●tmosphere detritiation ●ytitem (CADS), ●

laboratory which can be icoleted from the

remainder of the building, ●nd an rmergrncy

containment system (ECS). ?!}e GADS iri a O.(I!I
msis helium purifier which continuously cleans

the glovehox ●tmosphere. The ECS is a 0.5 rn3/s
catalytic oxidation, water v4por mctsorption

#ystem for room sir detritiation. In ●dd~tion,

● 7,5 x 10-3 m3/s utility ●ir detritiation

system of thr oxidation-ah.snrpt ion typr ia ●veil-
able for cleaning passbox ●tmospheres and for
non-standaId ●pplications, 1

Four tents have been performed tcl measure
the efficiency of the CADS and ECS in {leaning

up ●ftsr a tritium releaae in a glovebox or ●

rooa. CLovebox cleanup was ● s predicted; h OW-

●ver, ECS tests ahowcd aubatantial tritium loss
through imperfect ●xhaust duct ceala, More tests
are planned to p?rmit study of surface absorption
and converairin to MT(). This was the first t?st
of such ● large ECS #yat-m within the Unicrd
States.

Tritiated water vapor collected by the ZCS

or by other, similar ●ystems can be detritiated
by the combined tl-ctrolysis catalytic ●x[hnnge

(CECE) pilotscale unit which ia part of TECL,
The CECE incorporate ● count.ercurrer,t flow of
vater ●nd hydrogen gaa in two 2,5-cm diam?ter,
?.~-m long columns packed with s hydrophobic,

precioum m?tal catslyst which was developed by
Atomic Energy of Canadat Limited, Bottom rcflux
im provided by c solid polymer electrolymi~ unit,
whereau top reflux ie provided by a catalytic

recombine. Tritioted vater containing 300
Ci/liter has bctn otripp~d to 10-3 Ci/Iiter
in the CECE at fetal rat~s of approxirmstely 4
ml/min of vater. Although tento of CF.C.E hove not

berm run long ~nough to ●ccumulate an equil:h-
rium concentration, val:eo in the ranae of 1-10
mCi/litrr a-e ●xpected. The goal of the CFCE
vork in to develop a full tcale detritiation
plant vhich vill b~ suitable for proceaning

tritisted acqueourn vatte from fusion or iianion
reactoro or from fual r.procenming plants,

Part of the hydroarnn g~n~ratzd in the elec-
trolyzia unit crnn be withal-awn to be uoed ● a
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feed for the remaining TECL component, a cryo-

p,enic distillation system. This system includes
a single 0.6-cm diameter x 50-cm long packed

column, operating at ●pproximately 25 K. Bottom
and top c0ncentraciun9 of 2500 Ci/n3 and
]0-3 Ci/m3, respectively, were measured

during one run with this column, for an rnrich-
menr factor of 2.5 x ]06. Feed rateu of 100

u:nndard cubic centimeter per minute ● re poosi-
ble at this enrichment factor. This work is

s(]ppurted with computer simulation studies of
t!lr distillation proce~s. In addition, an

expprimrntal study of the r6te of hydrogen

i30top.- rquilibration (e.g. 2DT~ T2 + D~)

Jt cryogenic Temperatures ia being performed.

‘1’llis is of intere~t both in cryogenic

distillation ●nd in cryogenic fuPl pellet

production.

Thr Trit iurn Storage and Delivery System

(TSDS) has been d~9ign@d a:.d constructed fOr usc
in the Tokmnak Fusi,,n Trat I?enctor (lFTR) at

P:incrton Plasma Physicu Laborntoryr The TSDS

will rrceive, assay, e.torr, and drlivcr measurrd

qu~ntities of high purity tritium to fu?l the

TFTR. The TSDS cmsista nf a r~c~ivinF, m.lni-
folcl, ,ranim tritide atcrragc beds, transfer

p(mp~, ●nd metrrinR volumes, all contained in

tul] hta in less crvel glovebox~q. In addition, a

qundrupolr mafls ●nalyzer and pre83ur~-v0lumr-

trmpr:aturr mensuring rqui~ent p~rmit aanmy of
the tritium ● : reccivrd ● s well an confirmation

that th.. tririun d~livererf to thr rractor han

the rrquir-d Iurity, F.xtcnnivr development wan

done with the mass anal~r.~r to prrmit ;nalysis

of tl]e ~rquired ●ens.tivity and accuracy.

In operation, trltiura rrc-ived at TFTR in
introduced to thp TSDS throu:h tllP rrceiving

❑anifold; and nftcr bring ar+$ayrcl, in p,lmped

,wro a uranium brd whrre it is stored aa uranium
II i tide for future uac, During D-T operaticm of

lYTR , all appro>riatc tritiurn storage brd in

heatml to rain- th? int~rnal tri~ium prcanurc to
shout $ to 1 ●tmoopher,”. Each timr the reactor

i~ to be fueled (as oftrn an ●very 5 cinuten),

chr rrquirrd amou!lt of tritiurn in ~umppd intn ●

mrtrring vnlumm. Thr gas thrn psnses thrnup,h s

drlivrry mani iold to threo calibrated injec tinn

volmen near thr tolus. Finally, injcctlnn to

thr turhs in controlled by a cp?c ially dpmign?d

pie’o-rlrctric valvo ● t rach inj~cci(}n volum~.
Aftrr a burl,, thp fuel in not rrcyclrd, but in

rrcov?red by th~ TFTR vacuum #ynCem and atorcd

fur later reclamation.

The T!iDS in d?aign?d to arhicvr tlw hi~hent

pnnnihlr lrvrlo @f rrliobility, Iarrly, find

ttitium contail.m~nt, Th? two trarln Cer pumitm arr.

il)trrchan~rahlr, two-#tRHP, doubly crrntnin*d,

❑rral brl!owm p~mp$, cmP of vhictl in a aparr.

Thr thr~r, interchang~nhl? ~toraR? bc~n arr rach
doubIy con!ain?rf in stain;*nn nt?el, with m prO-

vicion for purRitlR th~ ●rcrrndary !~.lumm (J[ tri-
timn which prrmcat?a frrim the pj.[mary conrninmt .

Each b=d has ● rupture disc sealed cortneccion ro

●n evacuated “dump” tank. At any given time, on.,
ctorage bed is active; one is avai]ablc for
cleaning operatiorrb, and one ia a rnpare.

Complete instrumentation is provided for TSD5
to pemic accurate COIILrOl and to promote aat(.ry.

The tritium generators are provided with pressure
aenoora and redundant ?.h::mal control and over-
temperature protection,

Nornal operations of the TSDS arc performed

remotely through computer c~ntrol of pnemnatical-

ly operarcd volves. All process valves arc bcl-
10WS aealcd with polyirridr us~d in plncc of
❑real. These valves have been individually re-

machined to ●nsure reliabl? leak-free operation.

The TSDS will be tested with a load of 104

C~1rie9 Of tritimm to cn$urr rcliablr opera[i”n
of the entire ay~tem heforr delivrry :0

Princeton. A dummy mnnifold and injcrtion
chamber will simulate the mfinifold and [nrtl.s at

Princeton.

Argonne National l.ahorato~.!,)—.. - ._—_ —. _.—
Th* progrm nn fus~on reactor r~searcll at Lhc

Argonn~ Nnrional Laboratory incltldes a nllrnher of

appllcd rcs~arch topics covrring ● vnrictY Or in-
tcrrelatea ateaa of funion tritillm tccllnology.

The principal focus of this work is cm studirs of
fuel handling, brccrlcr blankrt processing and

tritium cnntninmrnt. These studies are both cx-
prrimrntal and nnnlyticnl in cllo:nctrr and have,

in rrcenl y~ar9, nprarhrndrd lcchl)llloRicAl nJ-
Vancea in a number of important fusian - aprcific

● reas which are de-cribed below.

)lodent ●dvances have been ❑mdr in rcccnt

years in th~ study of liquid lithium procensin~,

A 200-lit?r-capa:ity ayatem, tllp Litl)ium proccn-
ainR Test LOO14 (LPTIj), has been oprratcd for
over 9500 h. Cold trnppirrg, reartivr-m?tal Rct-
tcr trnpping, m\d n m~,th~~d banrd on moitrn- anlt

rntractioll havr brrll trntrdb URil\R tllc I.PTI,
and related faciliticu. The rnnge~ of tht, pro-
jcctetl low~r-limit imptlrity control lrvelr, for

thp ?l?m,~lltn H (D,T), O, N, and C, bnnrd on tho~o

teats, arc ohown in Fig. 1. Holten ~nlt rxtroc-

ticrn offcr~ thr b~nt potentinl for drvrloping n

rep,enrrablr procr~n capsblc of rrcv\cri,lg triti~lm

(from Ii-i reactur blnnkets) and controlling im
purit ien at thr 10 appm lev~l. Thr mnlt rntrnc-

tirrn m~thod alao app~nrn to br mpplicabl? to the
procmOaing 0[ liquid liit:iurn-lrnd nlloys.

In chc srra of instrum?ntntion And hnrdwnro
fnr Iiqi,id lithium myntrms, prrmrnt inn- nnd

rr~inrivity-typr m?trrs Ilitvr hrrn d[,v~lrrpe~l to a
point Wllrrr thry c.rn ho mr,lningfully rrnployrd fnr

❑onitor ill
!

Of hydlnr,rn5 ●nd hy’3r0Ren pl,.i~
nillogrn, r~,npertivrly. The principal dif[i-
cltltiel ill o~.rralillg l~r~.nrnt dny ntainlv,!fi arrrl.

crrnntructrd litl,illm ~y~trms have rreill!rd fy,~m

(1) critckin~ nf Bprc~.1~ compnl~e,lrn ron(ninillg

7



cold-worked material with high residual strett

(~-pump chtnnels and vtlwe beI:ows),L and (2)

❑ asn Crk. (sfer buildup4 16 invulving iron,

chromium, ●nd nickel. A method developed by

DeVan et al.,6 wherein aluminum is ●dded to
lithim so that it can react with and sLabilize

the surfaccc of ●tainlesc cteel cmponenca, hss
shown promise ● s ● moans of retarding mats trans-

fer and incergrannular po~tration in stainless
steel systems.

The -#e of solid lichi- cmupounds SS the

breeding material for O-T fusion reacrors ha-
come under increasingly greacar dcudy in the USA

in racenc yearm7. Thrae different ●pproaches

have been auggasted: (1) in-situ trititm

(2) ra=ovsl ●nd externalptoconming ofrecovery,
fuel-pin-type breeder msscnblies on & reriodic

basis (every six to twelve months), and (3)
continuou~ circulation 0! solid maceri,.1 into

snd ouc of the reaccor with critium processing

done ●eternally. There is ●violence to nu~geac
chat the in-iitu recovery of Cricium io feasi-
ble, but a carefully controlled brdeder material
teuprnrature distribution is requirer17 so that

(1) tritim dws not build up to ●xceosive levels
in lou-temp~ratura regions and (?) sintering does

noc occur in high-temperature resions.

IMPuRITY ELEMENT
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Stsmary of projectim,, of ●chi~vable

low~r-limit impurity control level- for
●?lcctad lithium prec~soin~ m~thodm,

Cuol-pin ●ppro-ch to trltium hreoding is
with tho problem of larga in-blanh~t

inventories (~ 50 km p~r fusion CU for

handling solid brerder blankets tl\rns out to br

intrsctible and if liqui: ❑rtals ● rc ●laminated

from consideration because of engineering or
safety consideration,, then the furl-pin and

circulating-oolid approaches ❑ay prove t= be thr

only remaining recournes for ●rlf-muhtaining D-T

fusion rsaccors.

In vork related co Lhe STARFIR.E Cooxner-

cial Fusion Resctur StudyB currencly ongoing

iv the USA
d

a top-do- selectivity ●nalysis has
been -de , to identify fhe mst trsctibl-

b,ee~erl coolant/sCructure (B/C/S) cvmbinat~on~
for D T fuoiar r~actors. Ln M typical analysis,

a breeder mttarial (e.g., liquid lithium, liquid

lead-lithi- alloy, solid Li7PiJ2, Li20 or

aoachar lirhiu-ccntsiliing c-smic) is matched
with various coolanta (e.g., writer, hrlium,
liquid m-cals, malten aalto) ● nd ~nmpatibility

● a8rs9menc4 ● re performed. The CriLeri8 10I

these sssestaencn are bre?ding capability, exO-

thermiciry of bre,~drr/coolant inrrtactiwr, op@ra-

ting tempera:u-e requirements, ●nd thrrmndynamic
efficiency of che nss@claLed powr r Cycle-.

Breeder/coolant combination that nurvive thr
scrutiny of thie firLt ● s9eamu>nt ● re then
msrchrd with Iikcly c;a6Bes of ~tructura]
materimIn (e.g., ●ustenitic-, nickel-, ferritir-,

●ud refractory-base slloys) ●nd ● mecond ● sne9s-
m=nt im ❑adt. Here che criteria ● rc basrd mainly
on Scfuctu:ol material rompatihility (will,
brerder ● nd coalanr) and temperature conrntrainr~.

In Sunmary of chin ●xerciLe It can be said thnt

no B/C/S combination from mmong the chrirc~
Iisred parrachetically above is deteloped to a
prll whrrr one could prrdict wi!h confldrncc

th#L bacis!a:tory performance i u the fusion

environment could be ●chieved. Liquid lithium/

refractory metal (Nb- or V-baoe ●lloiti) ●nd

ceramic breeder/wattr (pressurized or ~oiling)/

●umtenitic or /f*rrit.ic combination appenr to

be mmong th? lea~t >hjaccionabl~ choic*s from an
ensin~?ri.)g and compaLibiliCy point o! view.

Lo- Alamms Scientific Laborotor— ——
*USk~” Nationa*In January 1971 thr Los A amnt

Scientific Laboratory fLASLj underlook the de-

sign of ● nationnl Tritium Syst@mo Tesr Asstmbly
(TS7A10111 with the purpaoa of developing,

inter facin~, ● nd demonorrating ●l) the techno-

logies rala:ad Lo thr deut@ri,lm-tritium (DT) fu?l

cycic for funion roactorcm Th@ firtc machine re-

quiring Qxtenaive uae of these tkchnolo~iro will
be ●ither the Engine~rin# Test Facility (F.TY) or

the Inc~rnaCional T.)xamak R@actor (ItlTOR). Th ●

TSTA will br ope~tting at s full-scale t:icium-
procos~ing rlat,t in late J981, years bafor? aIIy

DT-burning pou~r rea:tor is oparation,?l. Datrn nn
●fficlmcy arid r:~iiability of prtrceanan and
componchts will thus bc ●vailau)e to fuoion
●n8in*ern in time for drslgn of ETT, INXIR, and

more ●dva,~crd rcactcrrs.

TSTA Jhjccciv@s ● re Lalancnd brtwe@ll

davclopins technically tofisibla proceaaaa and



6ecuring pubiic ●cceptance of the necessary

technology. The purely technical objectives

include development and continuous demonstration
of all aspeccs of a closed loop DT fuel cycle,

FiE. 2, from plasma chamber ●vacuation through
fllr.1 p,~rificacion and irsotopic ●nrichment to

plasma fuel injection. The equally impor:ant

environmental and public aafecy obj~ccives a:e
Ihr development and long-term demonstration of

cnvi ronmen:al and personnel protective sys:ems

with no 6ignificanC releases or persoxnel

exposures, and tcinimized off-site radioactive

wasci~ handling. At TSTA, these objectives will

he meL with a DT inventory of 150-200 g, pro-

cessed.continuously at

This procenaing rate

requirements for ~F or

———

[
.[
R’

the rate of 1.5-2 kg/day.

●aualo or ●xceeds the

liTOR .

*

,, .,”,.. . ,.

~d, ,, ..,,,. ,.

,, :.!”
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Fig. 2. The TSTA Process loop shoving su5s::ste Q

intcrartirmrn.

D?sign wrk i~ complete, ❑~jor ccma~ca~nts

have been purchased, ●nd installation is pro:e~d -

in~ o!) schedule for tl~~ frsllowinu major ●nv:ron -
mental ●nd DT-procesninp systems: an ●mergency

tritium clemnup ●ymcem capable of confining any
❑ajor rmlease of tricitm within th< TSTA b:ild-

inR; 9 continuously operating triliun Wsoc.s.

creatm~nt mystrm that removen rcnidual Cri:ium

from sI1 proccos wa9te ntrenm~; n plamma-:taab~r

rvncuativ:l nystem based on ● cnmpound con?enaa-
tion/9orption cryopump; a fuel cleanup Cystrm

that uses a combination of c.ltalytic reaccorn,
hot •~tal getterm, and rryoRenic mOrption/

frrrrrout to reducr nonhydrosen impurity l?~rels
b? LoW 1 ppm; ● hydr~Rrn isor~pic ~epa:a:inll
oyntcn has~J cm cryoge,lic distillation; n n~abcr
of tranafrr pump ●ontmhlieo for @a[e, cm:ari-

nant-frr~ trall~frr of DT ●bout the proce~~ loop;

a comp,.lter-bnn-d mnnter dala aCqUi9it102 and

C<llll 101 oyntrm, whirl) monitoro and contrnla all

ISTA ptocrnn?m,

Pr~liminary rnp?rimental wrk and clmputer

mimulation~ Wprp InntiLuted to ●id in ❑~chanical
and conceptual d@miRn bvrk fol TSTA, with the

following favorakle results to date: a ccmnpound
cryopump is capable of simultaneously exhau~t~ng

helium And DT from a plasma chamber; the helium
ash c~n be separated from reusable DT fuel in

the compound cryopump during cryopaticl regenera-
tion; the design of cryogenic discillacion
columns can be optimized for any d?sired total

flow, number and purity of product stream~, etc.,

●nd otill provide great operational flexibility

and control stability; data on cryo~enic sorption
of hydrocarbons and NH3 havt been collected,

●nabling us to design a fuel cleanup system of
●dequate performance using a combination of
“{ncwn technologies; new tritium-compatible
mechanical vacuum and transfer pumps, useful in

several aubatmospheric regimes, have been
developed by cooperative efforts between the

TSTA project and induetry.

Lawrence Livermore National Laboratory (LLNL)

There are several areas of tritiua techno-
logy of interest tu the fusion ●nergy ccnmnunity
being pursu~d at the Lawrence Livermore Labora-
tory. Cne area of concern i6 the recovery of

tritium following an ●nvironmental or atmo-
spheric release of tritiuml In current de8igns
of system~ fo,: recovery of such rrleased tritium
the ❑ethod of recovery is catnlytic cxiclntiol
with ●cmnspheric oxygen forminR tri[iated water
which is then collectrd. She:woadl~ hrs n]ca-
su red room temperature kinetic data on tritium/

air oxidation with three common c3ta!yst/sub-
Ctrate form,llationm. Thene were plntinum/
●lumin~ palladium/kaolin, and p911adiun/rool:te.

F.a:h of the dispersed-metal catalyst is ●xtrrmely
effectiv? in promoring tritium oxidation in com-

pa: ison with self-catalyzed atmospheric convrr-

Bion; ●quivalent first-order rate conntnnts ● re

higher by roughly nine orders of magni~ude,
Electron-icroprobz scans reveal that the dia-

peroed mctnl is deposited near the outer surface
of the catalyst, with metal concentration de-

crea~ing ●xponentially from the pellet sur!act.
Thr platinum-lrased catalyst in ❑ orr ●ffectiv~

than tll? palladilrm catalyst on a surface-area

basin by about ● f~ctor of tl)rec,

Ftil!er13, ● t al ● t LLNL are vorkinp, on the
development of an organic g?tter which will oper-

● cc in the pr~n~nco of ●ir ●nd m.inimire the fur-
macion of the mnrc hazardc.us t.itintrd waccr.
Thr compound of interest, l,h-diph~nylhutadiyllc,

is ● hydrocarbon, C6H5-C : c-c : C-C611>.
Herr th? T2 ●ddb 10 thr acct!~l?n~ (cripl~)
bond of th- g?Lt?r in th~ prelcntr of a metal

catalyst, Thr nerrsnary catalynt will, how?vrr,
Brimul ate thf T? + 0? <eact ion, ncI ncrmr
critiatrd water will he fnrm~d. Early rrnultfi
indicat? that tll~ne p,~tters wilI indred rrmovr

tritium from nir, QlthrIuRh with the format inn of
somo water, Tl,r organic tripl- bond apl.-ara 10
b? a v?ry good candidata for thim typ~ Rrtt@r,
Hiilat stales that th? bent ●olucion w(,uld be to
br{n~ th~ m?t~llic catalyst ●nd tll~ tr~pl~b~n~
?onct+rr in a minRl*, fairly ~implc molrculr,



for instance (PhC3CPh)2Pt where Ph is ● phenyl

group. TO date very little work has been done

on methods of disposing of or storing the-e
tritiated organic getters. This work will be

done once an optimum getter =at@ri*l is chosen

●nd the Cettering process thoroughly understood.

The Rotating Target Neutron Source (RTNS-ll)

●t LLNL14 ie ●n ●ccelerator-based neutron

●ource ueed for etudying radiation damage to
materials. Here ●nergetic deuterons bombard ●

eolid metal tritide target, producing fusion

neutrons (over 1013 lH4eV neutrons per

second). Deuteriwo continually displaces tri-

tium from the target ●t rates which go ● s high
● m oevdn euriem per hour. The anticipated

addition of ● ●econd ●ccelerator mad increasing

the neutron yield of the present ●ccelerator
could incrense tritium output to twenty to

thirty curies per hour. This tritium is

reltastd into the accelerator VJCUUn system.

Since it is not ●cceptable to release this
tritium to the environment, a tritim scrubbing
system Va 9 devisedls to clean the vacuum
system exhaust before it is vwted to the

atmosphere. Thir system con~iet$ of ● catalytic
recombine where trltiated water is formed ●nd

molecular sieve drying towers for collection of
the water thus formed, When these molecular

sieve driers become saturated they are replaced

●nd the saturated beds ● re buried. The driers

contain ●pproximately eeven pounds of molecular

s i ●ve which is loaded to 14-15% of the dry

weight. At current operating levels, w~ter loads
of about 0.25 pounds per week ● :e collecttd.

Most of this i* D2C with only ●bout 1% bein

tritium. Schumacher reports ● 105-10 !

tritium concentration reduction factor through

the ocrubber eystem with most of the -ocaping
triti~ beinR in the gaseous form. small

scrubber eysteme euch ● e this one in plecc at
RTNS-I! mey find ●xtensive u-e in the fueion

program.

Sou?rs16 at LLNL ii emasuring ●nd :or-

telating eryogeoic data c>n D2, T2 ●nd

mixturrn of theee components. Since solid

de~tc:ium-trititm (tPT) may br used •~ ● future

fucion fuel ttw meao,lrem?nt of physical ●nd

chemicsl prope:’tiac Of cryugenic D-T in the

solid, liquid ●nd gae phasts WL~l be an ●id to

tho d~sign ●ngin~er end the P1*SVAS physicist

considering the usa of cryogenic D T.

Some of the propertira they ● re meaouring

include tha D-T reection rate, the: i@ the rate
D~ + T2 reect to form th~ three component

mixturo D2-DT-T2. At rGom temperscure, this

reaction ttkes p18:e with ● txponnn:ial I/e-time

on the ord*r of ten- of m),llttaa. At 20 K the

l/.-thoss ● re on the order- of tens of hours.
Ot}er propcrtiws bein~ zeaoursd by Souera include

tho.mal conductivity of the rnolid mixtures ●nd

t!r~ electrical conductivity of both liquid end

poocws epecieo in the 20-26 K ‘temperature

range. Souers has cunpiied ● very important

report17 in vhich he has ccrrel~ted the m*~-

surtd physical ●nd chemical properties of the

hydrogen~ below 30 K. This compilation will
benefit fusion engineers who do not have ● strong
background in cryogtnic materials ● s well ● s

thoee specialists vho vill be concerned with the
detaile of the low temperature deuterium-tritium

mixturee.

Oak Ridge National Laboratory (ORNL)

Bell,
—-.

● t ●liu et ORhl have measured the

tritium permeability of structural msterials and

ourfhce ●ff<cte on permeation rates. Tritium

management in ●ny system will ●lways include

containment euch that tritium release rates vill

bc lese than ●stablished limits ●nd thst will be

● e lov ● s practical. The ●bility of hydrogen to

permette most materials make complete contain-

ment of tritium in extremely difficult task.
However, tritium release rates from ● given

systcm can be minimized by two .imsry efforts.

Firot ie the xelection of s comp.+tibl- contain-
ment material which frequently will al~o be thr

structural mt:erial, ‘This ●ffort would include
films and barri .rn that would be compatible with

the structural material. Seccnd ●nd sometimes

more important, thz water ial shoula have surface
chemistry in the oartictiLa/ system that continu-

ously impedes tri..,~m permeation. Bell has shown
that by exposi!,~ th~ ●u$tenitic lncoloy f100 ●nd
the ferritic SS 4UL to steam oxida:ion ● t 0.94

atm and 930 K Lhr permeabilitiea of thtse
materials can be reduced by several orders of

magnitude over the per-mc~oility of the clean

metal, Figure 3. These studies demonstrctc that
in sjtu turface oxidation of construction ●lIoy~
rr.n produce oxide barriers that reduce tritlum

pemeation by significant factore. ttowever, ●ll
●uch resulte have limitations vhen applied by

extrapolation to operating syctemm vith high

tempersturee ●nd corrosive conditions. Th~re-

fore, B@ll emphsaizesla, one must consider

cuTrent conclusions of permeation barrier
●ffects only ● s indication of effects und~r
●ctual operating conditions.

Conclusions.—- —

The work diocussed ●bove shovn the br~adth
of the tritium technology development, in the

Unic@d States. This paper cannot begin to cover
●ll of the msny research and development proxrams

in th- field. What us hope to chow is that th?re
ie ● large, serious effort underway to devFlcJp

thie technology in ● timely manner. With th*
current ongt,ins programs the t~itium cechnologv

should not be ● obstacle to the desiKn snd

construction of th~ Engineering Test ~scility

(ETF). These continuing programs will develop,
in a tim~ly faohion, the dat~ boae and ●xp~ri-.

● nca nec?osary to proceed from con~:eptual dac{gn

to engineering deign and construction of CTF.
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