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FIVE YEARS OF TRITIUM HANDLING EXPERIENCE AT THE TRITIUM
SYSTEMS TEST ASSEMBLY*®

Richard V. Carlson
Irittum Svstems Tlest Assembly
l.os Alamos National Laboratory
l.os Alamos. New Mexico

ABSTRACT
the Frinnam Systems Test Assembiy 1 TSTA) ar Los Alamos Navonat Lal oratory s a facihiey de-
iened o develop and demonstrate. m Full scale. technologes necessary tor <ate and etficient
Speration of tnoum svstems required for wkamak Fusion reactors. FSTA currentdy consists at
wvstems For evacuanng reactor exhaust gas with compound crvopumps; for removing impurnes
Yo plasma exhaust gas and recovering the chemicallv-combined titium:  For separanng the
rantopes of hvdragen: Far transfer puinping, tor storage of hvdrogen isotopes: Far vas analvsis,
me Por oassuring satety by the necessary control, momtoning, and tntium remosal from etfluent

FSTA e has ceveral smatb scale experiments o devetop and test new equipment amd
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soals involve both a weil designed and constructed svstem and an etfective operating plan. Co-
ardination of the varied operations and activities is important to assure both safetv and ettec-
nveness of ~he operations and the personnel working tn the tacilitv. TSTA svstems are designed
for comput2r control and monitoring.

ISTA has been operating with tnntium for approximately five vears. The current mventory ol
tnuium 1s approxunately one hundred grams. with DOE uapproval tor a maximum iaventory ot
two hundred grams. Total stack releases to the environment are less than 75 Cunies during -
num operanions and toial personnel exposures 10 tntium ol are tess than 0.3 rem Both
these are well below the <ell’ imposed project goals. which, m turn. are much below any DO
I PA legal requirements.

TSTA ORGANIZATION
Liture t shows the FSTA personnel argamizatton structure. I'STA was desiened and Fuilt as a
Department ub Energy (DOE) program. In 1987 TSTA became a jontdy Funded effurt between
the Japan Atomie bEnergy Research tosutute tJAERIE and the DOEF. Duning the tive-vear int
program, 'our JAERI personnel are assigned to TSTA tor one vear penods of stav Operanon ol
IST A remains the responsibihity ot | os Alimos personnel Phe Steering Committee s composet
£ tan S and two Japanese persannel Phe Steerime Comnnttee provides vener:tl pravreammatic
it Fudeet curdance v the project Fhe proect operanons sire dhirecthy manaeed Py e FST A
et ALinager and Deputy Project Manaeer  As the tignre andicates, the ISTA personnel ne
aonped g severalb wenms with rerpansibihines covering the manee ot skatls and activines needed

1t he tachity

Fhere are 24 ESTA persennet responsible Tor the acovines it EST AL 1O protessional sttt thee
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I'he process svsieris were assembled I'rom commercially available components. Piping s cither
Japper or stainless steel. I“lastomers. plastics, hquid metais and organic or halogenated tubricants
are not allowed n the process svstem. Fhe onlv exception to the no-arganic rule s that polv-
amde stem tps are used in the TSTA valves. T'wo stage metal betfows pumps are used to move
DT eas through the processes. Components rt the svstem are easilv removed since thev are an-
~talled using zero-clearance wasket titnings. Althoueh o tvprcal PSTA svstem conenns hundreds
«£ fitnngs. leak integruy s comparable to that ot an all wetded svstem: vet serviceabihiey s ex-
Jeltent because famled components cin be casilyv replaced. Achive process components ire con-
tratled with t!e TSTA computer.

Fhe I'STA process svstem contains approximatety 1000 1in of tubing, 2000 welds or brases. 2000
finngs, 200 bellows sealed valves, 100 transducers, and 10 pumps. o date we have had ane
Ynlure o g weld poane 20 finnes which leaked and were repaired by tighteming ar wasket re-
ohicement. cne metal bellows pamp talare natter 4000 hours operanng timet, two bellows seal
vahves which feaked through the seat. vone Petlows senl vahve which leaked through the hody,
1d ten pressure transducer tnlures due o tmoum meompatnbiby

Satery sastemis provide podectnm bor vperatme personnel, oftsie peraannel, and the vnviran
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tem and other svstems which are atfected bv small changes ot voltage. The EGS will
automaticallv supply tacility power if commercial power tails. ' the EGS Fails to start.
the U'PS can provide battery supplied power for at least 30 minutes. to satelv shut the
TSTA systems down.

Other TSTA experimental systems
Seven of the TSTA gloveboxes are used tor small scale nonloop experiments. T'hese ¢xperiments

are used l'or determining the design of components, testing of new components tor the fuel
processing loop. and to Jdetermine tritium contamnation etfects. Some ot these experiments are:
1 tricum pellet injector: a palladium diffuser tor the separatton ot hvdrogen i1sotopes from -
puritees; a ceramic electrolysis cell for the decomposttion of tritiated water; a test of the trigium
compatibility of a piezo eiectric gas injection valve; and measurements ot catalvst conversion
efTiciency. In general. these experiments are done with personnel from other tuston cnergy pro-
erams trom the US and foreigr countries.

OPERATIONS
One unigue aspect ot aperations at I'STA as that the design personnel tor the FSTA svsiems are
alkio part ot the operating personnel. This has allowed For the refatively smooth tranpsition thom
Jesign o operanons. I'STA has been operated ntially as a research Facility \s the svstem
vetter Jdelned. operanons are proceeding taward praduction mades. Fhe operatems ongoiminge a1t
ISEA tatt mro two thsenet operating modes, loop and nontbop operations

I nnp Operafiong
ISTA process flow hap operations generally invahve approxamately 100 grams ot minoam circu

fting an the lnop Dunog loap operattons at least two kpowledgeabb FSTA persimpet muer be
an ate manonng the process at all ttmes We currentdy are aperanng with three cight-how
mitts Phe two shiatts slmme the day and eveming are operanng shatis, while the mivht shii't - g
ohte sttt Phere o ar beast une Facdny Operator as 2 member oF each shd't Dhe tength ot
the Laop operations s uailhy e to awe weeks, One ot the hmitations on the teaveh s the simall
ISEN ot Plans are toadd three mare Facihiey Jiperators o the TSTA stalb o tne spring
1989 Lhe treguency of bap rans s currenthy tive to sie per vear o the next several sears the
wanettn U these tnns watbancrease te g dacstnon ot ceveral moanths
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tield as needed to discuss observations. decide appropriate acnions. to keep all TSTA personnel
abreast of the curren? operations, and make changes in plans. Shitt change meenings are held to
inform the oncomng shit't ot the status of the svsiem.

Nonlgop operations

Nonloop operattng perniods allow time tor upgrades. maintenance and repair. operation ot the
nnnloop experiments. fabnication of process svstems. training and preparatton ot documentanon.
These times tend also 1o ite very 1ctive times with manv operations going on sinultaneoustyv, At
times. the same TSTA svstems are needed tor the various experiments or operations. T'o coord:-
nate operanons at 7STA. cne of the Facthity Operators 15 appointed to the position f Duny
Uperator. This position rotates through the tour operators on a weeklyv basis.

The Duty Operator is the central person tor the momitoring and the coordinaton o the daihy
operattons in the racilitv. Al work in the racility must be explained to the Dutv Operator by
1he person responsible for the work so that the Dutv Operator can understand the imphcations
and interactions with other svstems. The Duty Operator wilt halt vperations 1t there 15 insutfi-
Jient information to assess the possibte hazards or it he feels further analvsis of inteiactions s
nece sary The Duty Operator s also responsible to periodicatiy montor the TSTA sutety svstem
sarameters, such as aperatien at the F'WT and svstem radiation levels,

Schedubing mieettnes are hebt every Foday mormine car atl T1STA persounel Phe Duty Uperatg
runs the meenneg. Plans tor the next week are discussed, Dunne thns meeune, conthers and m-
tracthions between the various operanons are resohved. This meenng also heeps atl personne! m
Cuamed about the what s gomng an at TSTA. A time perad in the meeting 15 deveted o <oren
concerns. both raduation and others. A schedule tor the next swecks operation s distributed th atl
nersonnel TSTA Phe scheduole also hists anv satery items that werre psed at the mectme

A\ weekhy repert of TSTA aperations 1oanternathy pubhshed  Fhe ceport conthins the Collow e
mmternnbion summary ol dhe eperanons tar the tast week, unusuitl decurrences: ioum myen-
tory, mcluding lecanon, mpuat, and output; inventory of trioum o an e wWaste reatment sasem,
"t reteases o1 the environment through the stach, anususth conminaten tevebs i the tacil
v ond waste venerated, and a hisone ot atb the "RT D atnms reconded B the ESEA Compote
KIS alarms are thase sanch regune ammmeditte acton by the Pty oiperata

I mergency abnormal nperations
\n P meregency Plan has been prepared bar oresponse o emereencys nnd abtnome anbienr

which coabd resubt in mmrey to persanreet sa mmtum aeleases tooom the tacthits Phe dbocument
ontams g Jhiscasaon ot hzands md aespanses o those hazands vnnuttts . v ehinnedt
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loth ctassroom lectures and on the job training are used. The instruction 1s generallv given by
TSTA personnel. Operators are also sent (0 external (raining courses as appropriate. Atfter com-
pletion of the training tor each svstem. the qualitication card is signed of. Periodic retraining
and recerutication are required. This is particularly true in the areas of' tritium sufety.

All external personnel are required to be tamiliar with the TSTA Emergency Plan. rules gov-
croang working with tritium, and rules tor TSTA operations. In addition. dJocumentanon dealing
with the explicit work in which thev will be involved must be read and understood. Visitors in-
volved 1n hands-on trinum experiments. are assigned to one ot the TSTA personne! (generaliv 2
Facihity Operator) to work with them in ail operations involved with tritium. T'hev are given 2
1wur of TSTA, emergency procedures are explained and the evacuanon alarms are sounded. Cer-
nficanon is doecumented on a visitor indoctrination form which the visitor and a TSTA siat?
must sign. Restrictions on their work are documented on this rorm.

I'he new DOE order specitving performance based training tor personnel who work at nuclear
tacihitzes will be released this spring. The impact on TSTA s currently being evaluated. tmple-
mentaung this order will require substantiai time f;om TSTA protessional siaff i develop 2
tramming program which can be accredited bv DOE.

QUALITY ASSURANCE PROGRAM
ISTA aperates ander a Quahity Assurance oA L program based on ASNT ASME NOA -2 "Quahn
\ssurance requirements tor Nuclear Facihues™ tret 51 This program as an atewrat part of the
fathy nperanions of the tacihity. One QA Specialist from a separate 1.ANL vroup o a4siened full
une to the TSTA prowcet. The QA program details the documentanion requirements tor the pro-
weet. procurement and recening procedures. traiming program, taiture reporting. and calibranon
procedares. Documentanon used in the operanon ot TSTA s discussed in the next sechon,

\n amportint element of the QA pragram s the review process. AL documentaticn. operating
pracedures, test plans, avstem design and savstem desien changes. and purchiase reguests must be
ipproned Byoa review Faard Tins s accomphished by arrculaung the item 1o a review board
sapvnnne o knowledeearte TSTA persannel who gre pot atirectv aesponsible tor the denn.
IST v mnagement amt the Daadiy Assurance speciabist. The resview §aird comprises apprapri
e peapbr alepending s the cubect under teview When ppoopritte. external people dare o
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DOCUMENTATION AND PROCEDURES

Each of the svstems of TSTA is described in a series of documents dealing with the design and
nperaton of the svstem. This includes a Svstem Design Description 1SDD! for each svstem. The
topics covered in the SDD are: svstem tunction: system design and contigurauon: design con-
<iderations; performance characteristics: components parts and materials: instrumentation and
control: intertaces to other svstems: operating limits: railure modes and effects analvsis: operat-
ing modes: maintenance procedures; and emergency procedures. The SDD s the primary reter-
ence tor details ot the system.

All experiments conducted at TSTA tincluding both loop and the small-scale nonloop expen-
ments) must have a QA approved Test Plan. The Test Plan must aadress the tollowing areas:
purpose of the cxperiment: contiguration of the apparatus, intertaces to all attected svsiems:
TSTA svstems required tfor the experitment: personnel who will be involved in the experiment;
<chedule; possible hazards that mav exist and response to these hazards. outline of the ex-
periments planned: and data requirements. The Test Plan s the working document tor the
cxperiments. The plan 1s approved with 2 ITSTA design review board. This allows thr incorpo-
ranon ol other 1deas into the plan.

I'ur one-time operatons. a Special Work Permit tor Radiaton Work s used. T'his s a2 Los
\ilamos Natwonal Laboratory teerm which briethy describes the operation. radianon levels an-
olhved. protective requirements such as cltothing. gloves and montanine. Fhe rorm v approved
v the I'STA Health Phvsics Technmician. the Operations Supervisor and the FSTA Duty Opera-
uir and must be posted at the <ite ot the work. The permu s vahd tor a hmied time.

Another important TSTA document 1s “Working with I'mmtium.™ This document gives the rules to
tollow when wnrhking on mnum svstems. The topics discussed are: trmining requirements; radia-
tion badges and urinatvsis program, air lock procedures: TSTA "two man rule®; rules tor wark 1n
cliveboxes; use af the portable venulanon duct: replacement of a glovebox glove: handhng tn-
vum contanunated equipment; waste disposal; and protective clothing.

n additinin o the iternad approsal Par ISTA QA documents, some nperating procedures must
Yo approved Byothe Maternals Saience cmd PFechnology Divisian Orfice and the 1 aborators
Pleatth Sateny and Tavirsoment Divisoon, Standard Operating Procedures 1SOP<) For the ESTA
wstems and procedures myvolune aadooon, hagutd hvdroeen and hazandous waste e appravest
o this manner.

ALARA
Operanons at i STA are coatucted withim the VEAR A o As Faw Ay Reasmab v Achrevabden
ohidhwophy towsnd hizands For persanpel and the envaonment Personnmet vadetnm exposaces e
vept ot nnmmm by Bath o the desien of ESTA and the vperating methods Foralb personnel 1
hiation expusare From the tive vears of totmm operations at FSTA operatons are bess than 0
et mem P yposures e sletermmed wath Baweekby mome anabveas HEoevpesanes e hehes
dn neanl, proect nanagement ineers weth the adiv e bualb o determone che cavnes ek wdentts

wavs 1ooredyes the eyposime

Ieatnme swipes U sarbaces o oot areas ot the tachity e Grken toveek 1t e HEE N,

anth venbmees tor caapeabtbe contamuanon e ke than 00O dpan o e Hore o beootesiatoeas
ser opnnnter Godelmes it Fos Abmas e chan neas odebmest By B ANE o e dess than
nn Lpme B0 Qs evperinental areits Feoween FO0D g BEO0D [ bt e H Lt

el e hwher than YOO b 100 cme rhe e el ne anl the el e Febow



1000 dpm/ 100 cm”. A report of the levels is distributed biweekly. The TSTA Duty Operator
also takes swipes on a weekly basis. These are taken 1n varied locations in both the tritium and
nontrttium areas ot TSTA such as on tools. door knobs desks, etc. Records ot these swipes are
hept in a TSTA notebook.

TSTA goals for trittum emissions to the environment are less than 200 Curies per vear. Total
tritium reteases trom TSTA during almost five vears of tritium operations have been approxi-
mateiy 75 Curies. Month!v releases during 1987 averaged |.5 Curies. When releasus greater than
this occur. the cause i1s investigated. Figure 3 shows the monthlv TSTA stack releases since 1985.
A 1other element of the AJLAKA program at TSTA is management ol radioactirve waste. TSTA
process svstems have been designed to minimize the amount of radioactive waste generated in
the processes. New processes are being developed which will reduce the sohd waste turther.
Table I gives an account of the tritiated waste generated at TSTA trom ;985 to 1988. Low level
waste is typtcally room trash. Medium level waste is hardware (pumps. piping. transducers| re-
moved from the TSTA svstems and high ievel is HTO adsorbed on molecular sieve from the
TWT. in 1987 approximatelv 20.000 Curies ot tritium was inadvertently evacuated to the TWT
rhrough 1 +alve which was incorrectly indicating closed. No tritium was released to the envi-
ronment trom this svstem tailure.

I'vr preplanned maintenance on contaminated svstems. care 1s taken to reduce rersonnel expo-
ures. Supphed air 1s available tor emergency use. lFor some vperations selt contained breathing
apparatus are used. When nonsecondarily-contained lines are opened. a portable venuiation duct
15 placed near the hie. I trace trinum 1 released. the contamination will be swept o the TSTA
stack. The TSTA FHPT is always present when contaminated or possibly contaminated lines are
opened. At nmes when releases 1o the room are possible, access to the tritium area; is restricted.

TSTA SAFETY REVIEWS AND ANALYSIS

An unporiant goal ot the TSTA project 1s the demonstration that the tritium svstems lor a fu-
slon reactor can be operated sately with low personnel radiation cxposures at.d no signiticant
stfect on the environment. Satetv 1s 2 prime concern 1n all aspects of TSTA operation. Durine
1he design phase of TSTAL o [Tailure Modes and Frfects Analhvsis tEMEA ) was done Tor each
vatem. Both o Pretnmimary Satfery Analvas Report tPSAR T and a Saterv anahvsis Report 1SAR )
aere compieted tret 4 Phese reports include a desctiption ot the wvstems. the operations and
icontent analbvas. Fhe SAR requires updanng as the PSTA mades of operation gimd ssstems are
onthicanthy changed

Independent review ot the ISTA Gesien and aperatons 1 aequired By Fos Alnnos Nanonal
aboratory and DOT  Pable HE beas the external TSTA reviews Preparanon D these apprisals
as tiken a consuderable cmcont of tme Nrom o the TSTA st The bechmical Satery Appranal
FS AL required approvimuages two nun-ssears of preparittnen

CONCLUSTONS
Stte and etfeent cperation ot s tronum Grethiey sones o with proper soastem desaen o amd proeceerk
v eoant operitiing methvaeb et pavcedy ses bhe IST A has demonspeated sate amd ethcent op

apatnms wath tritimm cover gt Yive vy ot trnum handhnge
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TAELE 1

ISTA LOOP OPERATION EXPERIMENTS

Date Length Process
tLiavs| Svstems used {(remarks)
June, 1984 4 ISS/TPU/UTB
July, 1984 5 ISS/TPU/UTB
Januray, 1986 5 ISS/FCU/UTB
Januray, 1986 5 ISS/TPU/FCU/UTB
September, 1986 5 ISS/TPU/FCU/UTB
December, 1986 5 ISS/TPU/FCU/UTB
June, 1987 5 ISS/TPU/UTB (refrigeraior fatlurel
July, 1987 5 ISS/TPU/UTB
Qctober, 1987 6 18S/57°U/UTB
Decembes. 1987 6 ISS/TPU “1ITB
Februarv. 1988 ! ISS/TPU /17 ' IMS/UTB (crvogenic ISS plug)
[February, 1988 | ISS/TPU/FCU . !iS, UTB (crvogenic 18S plugs
I‘ebruary, 1988 3 ISS/TPU/FCU/IMs. U'TB
April, 1988 5 ISS/TPU/UTB
May, 1988 7 ISS/TPUFCU/IMS/VAC. IR
Juiv, 1988 4 ISS/TPU/FCU/IMS,/;UTB

ISS/TPU/NBI/IMS/UTB (cryogenic ISS plug)
ISS/TPU/NBI/IMS/UTB

November, 1988
Januarv, 1989

~1

TABLE

TRITIATED WASTE GENERATED AT TSTA

volume tn') tritium (Curies)

Your

Low level  Medium level High level®
1985 T 0.2 0.0 0/0
1986 0.2 0201 0.6,/1300
1987 4.0.8 0.2 1.0 2.0, 26000
1688 8.6.0.1 0,513 1.3.8000

. .- 3
I.ow level 20 mCE ome

Medium level 20 Cim”t oand 100 Ciom®

thigh level 100 Ciom!



I'ABLE (il

REVIEWS OF TSTA

Review Date (‘omments

Design review panel 1979-1983 Annual meenngs to

10 technwcal experisi cvaluate TSTA techmicat design
DOE Preoperational 1984 TSTA svstem evaluation

luspection

acility operations
NPOEram review

I uel Cleanup
preoperationat
mspection

HSE DRIV apprawsat

crvopump svstem
nreoperational
nspection

DOLE T AANO Pre ISA

ISTA mspectinn
DOY AL Lechmeal

satety Appraeal

NMST DUV appraasal

HISE DIV appinsal

June 1986

1986

IF'eb. 1983

Mav 1983

Tune 1988

by 1988

Dec 1988

Mar, 198

bv DOE. AL belore tritium
introduction into the svsiem

DOE,OFE review at all
Facility operatuons
inctuding satety

DOLL AL evaluanon ot the tuel
cleanup svstem beture tritnmm
introduction

Annual facility »valuation
of TSTA bv LANIL Tlealth, hatery,
and Environment Div.

DOL. AL evalunnion of the vacuum
system betore tritnom
introduction

DO andepth apprarad ot a8
Iy pesple exahtme IST N Fon
P weeks

Annual Maena Scener amld
technotouy Py eaom appracal ot
FSTA

Anoual basthity esstbaatnm
ot PSTA By B AND Hleatth, Sabery
and T nvnoament iy



