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TI{E TRIT1[JM SYSTE.MS TEST ASSEMBLY: OVERVIEW AND RECIi14T RIX(J1.’I’S

John R. Bartlit and James L. Anderson

Los Alamos National Laboratory, Mail Stop C348, Los Alamos, New Mexico, 87545, USA

Ishe fusion technology development program for tritium in the U. S. is centered around the

Tritium Systems Test Assembly (TSTA) at Los Alamos National Laboratory. The TSTA is

a full-scale system of reactor exhaust gas reprocessing for an lTER-sized machine, That is,

TSrA has the capacity to process tritium in a closed loop mode at the rate of I kg per duy,

requiring a tritium inventory of about 100 g. The TSTA program also interacts wi[h u]]

other tritium-related fusion technology programs in the U. S. and all major progmms

abroad. This reprt summarizes the current status, results and interactions of the TSTA.

Special emphasis is given to operations in !Wty/Ju~!e using large compound cryopumps that

completed the fuel loop integration of all TSTA :,ubsystems for the first time.

1. INIRODUCTION”

objectives of [his project are to develop m-iddemonstrate the fuel cycle for prwxssing the

rcuc[or cxhuust gas (unburned deuteril., m and tritium plus impurities), and the ncccssary person-

nel und mvironmcntai protection systems, for the next germriilion of fusion devices.

RcliI[ccl tisks include rww componen[ development and testing, operu[ions under emergency

:Ind off-nonmd conditions, gathering of long-term rclitibility data, and operator tmining. ‘1’(~

cxmlplctc this mission, Iwo ma;or [ypes of activities arc under way at the ~~cilily. The first is the

Iwri(xiic (q-wration d [he intcgrutcd fuel reprocessing loon with a gradually incrcusing hxcl (d”

systcm i~]tcgra[ion and tri[ium inventory. “k second m~jor activity is the tritium testing of IWW

CtllllP)ncnts in cxperimcn[s in scpara[e glovcboxcs. The Iuttcr arc o![cn d(mc ill ctdl:lb(wu[ itm

will) w(wkcrs from other [). S. fusi(m progrtims and progr;lms tibn)tid.



the addition of 20 g of trilium to the flow loop, mising the in-process invcn[ory to 50 g;

Ihe verification of improved flow control meusures added to the loop;

[he production and analysis of tritium gas of 99.93% purity in the cryogenic distillti[ion

columns of the isotope separation system (1SS); and

the training and use of personnel in different operating assignments to broaden staff

experience and versatility.

2.1 December 1986

The September run was followed by a similar five-day, round-the-clock opemlion in

Dccernber 1986. Goals and accomplishments of this run were the following:

- further development and improvement of flow control in the loop;

elimination of unwanted interactions between the isotope separdticm system and cfllucn \

gas detri[ia[ion system;

measurement of long time constants (several hours) for the isotope separation system to

reach steady state after control changes are made; and

changing from our previous two 12-hour shifts to three 8-hour shif[s, with the night shift

being a two-man shift making minimal process changes.

2.3 June/July 1987

l-he next m~jor operalion of the inmgrtitcd prowss loop ocuurmd in J urw 1987, ‘Ilc go~ls

o!” this run were the following:

(o incrctisc the in-process inventory 01 tritium to 100 g;

[o dcmonstriite the successful rcmovtil of helium-3 from tntium dccuy by tw:)

tl:cl]ni(~ucs--gcttcring out the lri[ium on uruniurn bccis before dumping Ihc hcliu]n, ml

stripping out Ihc tritium in the distill u[ion columns before dumping t!w lwlium:

to provide trairling for pcrwmncl including two rww opcm[ors;

to produce and uiltilyze high purity lritium (>99,9%) in the ISS; iIml

to vcrif-y long-tcrrn, continuous uddi[ion of impuri[ics (uhwt 1% N2 wld (). l% Cl Id) imd

[heir wmcsslul rem(wiil by the cold (77 K) molccu]ur sieve adwwpti(m l-ds in [hc !“(wI

Clc;lllllp syslcrrl.

‘l”hCinvcnl(~ry W:IS r;lisml [() 90 g :Illd illl ~(!ill!i L!X(’Cpt tllC lilSt lW() WCI”C w-llicvwi hcl”(wc

(qwr:l[i(m~ wtm c.{mcludc.(iprcm:lf urc.1y by a broken \lliif[(M1IIICc~mlmm-ciii] cry(~~cllic

l’cl”l’igCl”illor uwd 10 pr[widc c-txdillg I(}Ihc cry(~gc-nicdi%lilliltitm u(~lullllls. Al] ol’[kl’ly htlul(hwll

ull(lcr <~1’1”Ii(mlull c(mditi(m%, wilhtml d(ws 10 pcrs~mllcl tw rclc:lscs to IIw cnvir(jl~tlwlll, w;l~

wllirvcd Iolh)wing Ilk’ unrxpcctcd Iililurc ill (}1’1”[lit shelf tul’hmdo~y uIlrcl;Ilc(t 10 lriliulll

hillltllill~:,



impurities were ~ddcd to the fuel stream continuously for 53 hours and rcrnovcu by the

llW to below the lir,~it of detection of Raman spectroscopy (low ppm levels). ‘Ile impurities,

tiddcd were a mixture of N2/CI+d in 9/1 m[io and comprising 1% of the L T fuel strei~itl flow

The effectiveness of impurity removal was further confirmed by the lack of tiny plugging in the

cryogenic still Ik,it[continuously processed [he outlet flow from ~he FCU. (M-1ine regeneritiorr

and processing of the captured impurities was not a pafi of the July round-the-clock operation.

2.4 February/March l!~88

On-line regenertition and decomposition of the cap[urcd impurities wtis first done in operu

[ions of February/Murch 1988.

‘l-hc run was no[tible, nor only for the high dcgrcc of evcntutil SUCCCSS,but for IWOabmlivc

~[~rts, dur; ng the weeks of February 7 and 21, that were ended by plugging lines wi[h con-

dcrlsuble impurities. ‘Ile problem impuri[ics were not impurities inhmtmnally udded to the

system, but were impuri~ies that had leaked in or formed in the system from previous operations.

Nitrogtm iin,j w~[cr appcured to Ix the main consti[utmts.

The problems we,w finally solved by removing uII gas frcm the piping, hcu[ing all com-

p(mcrrts, purging with helium, and twucuating over several dtiys, before rcchurging Ilw gLISto IIW

syslcm. Ai[ht~i]gh tlm problems were unfortunate and caused iidckd work, (!w dcmonstrtiti(m of

IIWtibility to rccovcr proved the wisdom of (he origimtl design philosophy of TSTA, which W:IS

(N1Cof vcrsu[ility i~~piping iind pumping c’:ipubilitics.
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‘l’he prirlcipai results wem the following:

a)

b)

c)

d)

c)

Pumping speeds for the two pumps for pumping D-T tit the Tonrs were similar despite

large differences between the pumps in the areas of the cryopurnping surf~ces (see

l:igure 2).

The BNL pumping speeds (in loop oper-tion) were in the range of 2- 10% of the full

plusrna exhaust gas flow rate for an ITER-size reactor. If three w~ins (pumping,

regenerating, and recoding trains) of the VAC system are needed, 30-150 pumps will be

needed.

Impurity effects on the pumping speed for D-T (und D2) were investigated with I% N..
und 1-2570 I{e. Little effect was seen.

The effectiveness of separating I Ie/DT on both panels of the 13NL pump was measured:

DT gas regenemted from the condensing chevron showed no I{e contamination; I{e gus

reger)erawd from the cha.rcoul punel showed an acceptable level of DT conttimimuion

( IO-25% DT).

A h&mtc Carlo simulation code to evtiluate the BNL pump performtmce was developed.

l)ctailed analysis o!”these test results are ongoing.
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3. PERFORMANCE TESTS AND MAINTENANCE OF I’lIE ISOTOPE”SEPARA-
TION SYSTEM
Isotope separation at TSTA is done by means of an interlined, four-column c~ogenic

dlrdillatim system. Individual columns of the four-column isotope separation system were

operated in five-day, round-the-clock runs in October and December of 1987 and April of 1988.

The purpose of these tests was to measure fundamental design parameters, such as liquid holdup

in columns and the hsight equivalent to a theoretical plate (WITP).2

Repairs were made on instrumentation external to the columns, but inside the vacuum

jacket. This was done successfully by lowering the vacuum jticket. Tntium contamination inside

the jacket wiIs negligible.

4. TRITIUM TESTS OF NEW COMPONENTS
Five new components of potential benefit ‘mthe fusion program have been evaluated for

performance and tritium compatibility in individual testing. The first four components, and

organizations with whom TSTA collaborated on each, were:

a) a commercial zirconium-iron getter material for detritiation of inert glovebox atmos-

pheres (Ontario Hydro Rc search Division);

b) ;~piezoelect-ric valve for fuel gas injection at the Toktimuk Fusion Test Reactor (T lTR)

at Princeton;

c) a ceramic electrolysis cell for recovering D-T in the reprocessing of plasma exhaust gas

(J;tparr Atomic Energy Research Institute); and

d) a pidladium-alloy membrurre diffuser for purification of plasma exh~ust giu+es (JAERI).

All four proved to be attractive and tritium-comptitible components for [heir intended USCS.

Ikt:lilcd results are ~vailable in the li!crirture.~)4’5

The fifth component tested has been more recent and only preliminiq results are avuiltiblc.

This is a tri[ium-proof-of-principle pellet injcclion designed and built by O~k Ridge Nti[ional

1.ub(mtory. over 8(.)tri(ium pellets have been produced to date and accclcrtitcd with hydrogen

propcll~n[ [o speeds up to 1.4 kilometers ~r second. Work is continuing.



conttiminat~on effects and residual contamination of reincite maintenance tools (welders

and cutters) after use in the torus. Both studies are incomplete at this writing.

6. JAPAN AT(lMIC ENERGY RESEARCH INSTITUTE JOINS TSTA
In June 1987, an international collaborative agreement was signed by the Japan Atomic

Energy Research Institute (JAERI) and the U. S. Department of Energy. This agreement, Annex

IV t~ the U. S./Japan Agreement on Fusion Energy, calls for the joint funding and joint operation

of TSTA by DOE and JAER1 for the next five years (till 1992), thereby doubling the size of the

progmm. Under the agreement, JAERI will attach a four-pemon staff to TSTA during the

five-year life of the collaboration. The JAERI staff amived at TSTA in mid June, 1987, in time

to participate in the integrated loop operations of June/July.

7. FUTURE PLANS
7.1 JAERI-Designed Fuel Cleanup System

As part of the broad collaboration of TSTA with JAER1, a JAERI-designed Fuel Cleanup

System will be fabricated in Japan and installed in the TSTA integrated f~el reprocessing loop.

The design will be based on palladium diffuser technology for producing a stream of hydrogen

isotopes free of impurities. The new equipment is scheduled for installation in 1989.

7.2 Breeding Blanket Intefidce

Since the inception of TSTA in 1976, long term plans have included the eventual addition of

ii breeding blanket intetidce at the fdcility. In i 987, the initial steps to define and develop this

process interfiice were taken in co]]abordtion with blanket design expem at Argonne National

1.tibor’’lorymb

‘l-he work includes examining severid leading blanket concepts (liquid lithium, solid lithium

cxidcs, and aqueous lithium salt) to define the composition and flowrate of the tritium-bcm-ing

product stream from the tritium recovery process in the blanket. In a fusion power reactor, this

fluid product s[rcam, after appropriate initial processing, will join the plasma exhaust stream to

muke up [he full reactor fueling streum.

‘l-hc long term go~l is to insmll the appropriate initiul processing technology at TSTA and to

dcmomt.mte breeding blanket produc[ processing in conjunction with plusmii exhitus[ gus

processing. ‘1’hcdefinition of s[rcum compositions, 1lowra[es, and promising tcchrmlogics is

proceeding now, ‘1’lwwhedule hr proce~s in:;tiillittion at TSTA is unctrtiiin, though tit lciIs[

scvcr~l yctirs uway, iind may depend on dmwlopmcnts with the Intcrna[i(mill Thcrm(muulcm-

Ilxpcrimcnltil I{cuckw (l’l”Ill<).



multi-faceted, including integrated fuel reprocessing loop operations, new component testing,

contamination experiments, and personnel training. The program is characterized by increas-

ingly closer ties among elements within the U. S. and with programs abraad.

ACKNOWLEDGMENTS
The list of contributors to this work is too large and wide-ranging to include here. Or-

ganizational involvements have been indicated in the text. Thanks to all

REFERENCES
1.

2.

3. .

4.

5.

6.

R. S. Willms, “Recent Operating Results at the Tritium Systems Test Assembly Using

Molecular Sieve at 77 K for Purifying a Fusion Fuel Process Stream,” International Sym-

posium on Fusion Nuclear Technology, Tokyo, Japan (April 10-15, 1988).

T. Yamanishi, R. H. Sher&n, et al., “Single Column and Two-Column Cascade H-D-T

Distillation Experiments at TSTA,” Third Topical Meeting, Tritium Technology in Fission,

Fusion and Isotopic Applications, Toronto, Canada (May 1-6, 1988). To be published in

Fusion Technology.

N. Kherani, W. Shmayda, and R. A. Jalbe~ “l”ritium Removal from Inert Gases Using Zr,

Fe,” Proc. 12th Symposium on Fusion Engineering, Monterey, CA, (October 12-16, 1987).

D. O. Coffin, S. P. Cole, and R. C. Wilhelm, “A Tritium-Compatible Piezoelectric Valve for

the Tokamak Fusion Test Reactor,” 3rd Topical Meeting, Tritium Technology in Fission,

Fusion, and Isotopic Applications, Toronto, Canada (May 1-6, 1988). To be published in

Fusion Technology.

R. V. Carlson, K. E. Binning, S. Konishi, H. Yoshida, and Y. Naruse, “Results of Tritium

Experiments on Ceramic Electrolysis Cells and Palladium Diffusers for Application to a

Fusion Reactor Fuel Cletinup System,” Proc, 12th Symposium on Fusion Engineering,

Monterey, CA (October 12-16, 1987).

1]. K. Sm. P. Finn, R. Clcmmer, J. L. Anderson, J. R. 13artlit, Y. Naruse, and 11. Yoshida,

“The Role of a 131anke[Tritium System 01, ihe J:usion I:~el Cycle,” Intemationul Sym-

posium on Fusion Nucll”w Technology, Tokyo, Jupan, (April IO-15, 1988),


