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ABSTRACT

Operating procedures are important for the safe and efficient
operation of the Tritium Systems Test Assemblv (7STA). TSTA has bheen
operating for four vears with tritfum in a sate and ctficfent manner.
The inventorv of tritium In the process foop is 100 prams and several
milestone runs fhave been completed. This paper describes the methods
used to operate TSTA.

INTRODUCTION

The Tritium Svstems Test Assembly (TSTA), located at the los
Alamos National Laboratary, is a prototvpe fusion reactor tritium fuel
reprocessing system. It was bullt for the demonstration of tritiwn han-
dling svstems necessary for tritium-burning fusfon reactors. The [acil:
itv lias been operating with tritium for approxlimately four vears. The
current inventory of tritium is approximatclvy one lwndred pgrams, with
DOE approval for a maxinum inventorv of two Lhundred prams. toordinatlon
of the varied operatlons and activities s twmportant to assure both
safety and effectiveness nf the operations and the personnel working in
the facility. In this paper we will describe how the TSTA lacility 1s
operated with respect to both personnel and operatling proccdures. The
Information presented will be of Interest for other 'ritlum tacllltles
currently under construc!ion for the fusfon cnergy programs,

TSTA ORGANIZATION

Flgure 1 shows the TSTA organization structure. TSTA was destpned
and bully as a Department of Fnerpy (DOE) propram. 1o 1987 THTA bhecame a
iointly funded eoffort vetween the Japan Atomle Euerpy Research Instfrute
(JAERD) and the DOE, Four JAERD personnel ave assipgned to TSTA tor a
one vear, then replaced by tour othevs. tiperatlion of TSTA vemalns 1he
respongibility of Loxs Alamos perzonnel,

The Steering committee ts composed of two US and two lapanese
personnel. They plan the major experimental  programs.  The  projoect
operatlonsy are direstlv manaped by the TiTA P'raject Matager and Depntw
Project danager, As the {lpure Indteaten, the TSTA personnel are pronped
Into neveral teams with responsibliltlen covering the ranpe ot sktlle
and actlvitlen weeded at the faclllty,



There are 26 TSIA personnel who are responsible for operation of
TSTA, 11 professional staff, four Facility operators, three mechanical
technicians, three electrical technicians, one Health Physics Technician
(HPT) ond four JAERI staff.

Actual dally operations are the responsibility of the Operatioral
Safety and Integration Team. The daily operations are coordinated by the
TSTA Faclility Operators.

TSTA EXPERIMENTS AND SYSTEMS

There are varied experiments ongoing at TSTA. The primary goal of
TSTA {s the operation of the TSTA tritium process flow lonop. This loop
ls used to simulate the fueling systems for a fuslon reactor. This sys-
tem {s described in detail in ref. 1. Current status of TSTA 1s pre-
sented I{n ref. 2 at this meeting. The primary components of the locop
are: transfer pumps for moving the DT gas through the svstem: a fuel
cleanup system for the removal of Impurities from the pas stream, a
crvogenic Iisotope separation svstem for the separation of hvdrogen
isotopes in to streams of Tz. Dy and DT: and o cryogenic “tacumm pumping
system for pumping s simulated torus.

The second type of experiments at TSTA are those involved with
smafil scale nonloop experiments. These experiments are necessary for de-
termining the design of cumpcnents and testing of new components for the
fuel processing .oop. Some of these experiments are: a rtritium pellet
injector ; a palladium diffuser for the separation of hvdrogen [sotopes
from fmpurfties; a ceramic electrolvysis cell for the electrolysis of
tritiuted water; a test of the t.itium compatibliity of a plezo electric
valve:; and wmeasurements o, catalvst converslon efficlency. Other ox-
periments at TSTA Involve testing of tritium contamlnation etfects. In
gencral, these cxperiments are done with persomnel from ather tuslion en-
ergyv proprams from the US and forefpn countrices.

The loop experiments are controlled by a mafin process computer
control and data acquilsition svstem (MRACY . Nonloop expoerlments are con-
trolled cocagly elther through mamal operations or a local computer.

There 1re safety svilems 1o support the experfments. These are: o
system to 1reat waste pases to remove trithum before the pases are
released to the enviroument: a system to recover aceldentally veleased
trithuan from the voom wdr; teitiom monitoring for voom alr and «tack
exhansts aud emerpency - d untnterrapt Iible power .

TSTA 1s o computer controlled sveiem, Most  tnteractlous  and
vonttrol of the svstem are pertormed from the coutrot yoom theongh the
Man Machine Interface tMMDY . Four <ystem computer contoles are vied 1o
wopdtor any of the 200 svstem displave. ta aotdltton, there are several
dligplavae avatlable to manltar lastorieal data and cnrrent trends of any
of the "0 analopie pavawotovsi  Satery systems sueh as the paienns waste
troatment svstem CIWYY and teittam wontotoring dvstom are antomat teally
vont el Ted by MDAC athier svstems ave contvol Lol by tndbetdual commaneds



given by Facility Operators from the MMI. Alarms are displayved at rthe
MMI for variables out of limit.

OPERATIONS

The operatiosns ongoing at TSTA fall into two distinct operating
modes, loop and nonloop operations. TSTA process flow loop operations,
generally involve approximately 100 grams of tritium circulating in the
loop. During loop operations at least two knowledgeable TSTA personnel
must be on site monitoring the process at all times. We currenrly are
operating with three eight hour shifts. The two shifts during the dav
are operating shifts, while the night shift i{s a holding shift. There is
at least one Facllity Operator as a member of cach shift. The length of
the loop operations {s usually one to two weeks. One of the limitations
on the length 1Is the small TSTA staff. The freauency of loop runs is
currently five to six per year. In the next several vears the length of
these runs will increase to a duiration of several months.

During loop operations, the small scale nonloop experimentsi are
also done. However, the activity of these experiments may decrease siuvce
loop operations pgenerally require participation of most of the TSTA
staff,

During loop runs, TSTA personnel are glven varfou-
responsibilities. A Test Directoyr for each shift ‘3 designated. The Test
Director is in charge of the operation of the experiments. lle or the al-
ternate must be onsite at all times. On each shift one of the Facility
Operators |s designated the Loop Operator The Loop Operator handles the
control of the loop operation from ths MMI. The various other TSTA per-
sonnel have responsiblilities for *the local operations necessarvy at the
various svstems such as gas anaivsls and attaching and detaching tritinm
contalners. The loop operator and test director coordlnate all the
operations trom the vcontrol room. Wienever necess.s.v, consulting
personnel are Included {n the discussions. For offnermal or omerpency
situations, TSTA personnel whom are consldered experts are asslpned to
each svstem. These are the personnel who the Test Direcror copsults
durtug, an cemerpency. Short meetlngs or "luddles" are heid as necded to
discis observatlons, deelde appropriate actlens, to keep all TSTA per-
sonnel abreast of the current operations, and wake changes In pleus,
Shiftt chanpe wmeetings are held to intorm the onceming shiltt of the
status of the system.

Nontoop operating perlods allow tlme for malutcnanes and vepalr,
operatlon of the nanloop experiwments, fabrileatlon af proeccss svstemy,
and preparat lon ot do-umentat lon. These 1tlines tend alue 'o bhe verv ace
tive timex with many operatlons polny on simulraneously, At thieen, the
same TSTA svstems cre needod for the varlous experiwments or operatlons
To coordinate operatlions: at TSTA, one of the Faclllty nperacors 1y
appolnted 1o the position of Dury operator . Thin porittion votaten
tarongh the tonr operators on a weekly hant:

The Dty nperator (s the contial pevion tor the mant ton Tng ol tha
vootdbca fon ot the dally operattons ftn the tactlley Al wordk o the
tactlilty must he explatned to the Ity dperator by the pernon vosponest



ble for the work so that the Duty Operator can unders.and the Implica-
tions and interaction with other systems. The Duty Operator will halt
operations if there is insufficient information to assess the possible
hazards or {f he feels further analysis of Iinteractions is necessary.
The Duty Operator is also responsible to periodically monitor the TSTA
safety system parameters such as operation of the TWT ard radiation
levels.

Schecduling meetings are held every Friday morning for all TSTA
personnel. The Duty Operator runs the meeting. Plans for the next week
are discussed. During this meeting, conflicts and interactions between
the various operations are noted. This meeting also keeps all personnel
TSTA informed about the what Is going on at TSTA. A time period in the
meeting (s devoted to safety concerns, both radiation and others. A
schedule for the next weeks operation 1is distributed to all personne!
TSTA. The schedule also lists any safetv items that wcre ralsed at the
meeting.

A weekly report of TSTA operations is published. The report con-
tains the following information: summary of the operations for the last
week: unusual occurrences; tritium inventory, including both location,
input, and output; inventory of tritiim in the waste treatment system;
tritium releases tc the environment through the sta-k: wunusual
contamination levels 1In the facility, solid waste generaed; and a
listing of all the "RED" alarms recorded by the TSTA computer (RED
alarms are those which require Immediate action by the Duty Operator).

TRAINING

Training and certification are Important parts of the TSTA pro-
gram. Tralning {s required for both the TSTA Facllity Operators and
other personnel who are involved in tritlium operatfons at TSTA Including
TSTA personnel and visiting staff.

Facillity Operators are requlred to particlipate fu a trainfug pro-
pram that 1s part of the TSTA Quallty Assurance program. The propram
deals with the theory and operations of each of the TSTA svstems. Traln:
ing for each syster Is covered by a qualificatlion card which has check
spaces for hoth theoretical knowledge and practical demonstration of op-
cratlons on the system, Both classroom lectures and on the job tralning,
are nged. The Instructlion 18 penerally plven by TSTA personnel.
Operators are also sent to external tralnulng courses as appropriate,
Attor completlon of the tralnlng for cach svstem, the qualltiecatton
card 18 s pued ot f. Perlodlie  retralntrp and recertifleatfon are
requlred, This 1e partienlavly trne on the areas of tritlium sntety.

Visltor tralnlng and Indoctrinatlion are aluo lmportant. All exter-
nal personnel avo requlred to be tamiilar with the TSTA Ewerpeney Plan,
tuley povernlng working, with tritlium, and rulen lTor TSTA aporatlans, In
acdltion, documentat lan deallng, wlith the expliclt werk In whielh they
will bhe Involved mmust bhe read and undersitoad  Vialtors fuvolved tn handy
ou trltlum experliments,  are auslpned 1o ope of  the TSTA persouncd
tpenerally a Faelllty Operator) to work with them In all operatfons Ia-
volved withe trltlun, They are plven a tour of TS9TA, cmerpency procedurey



are explained and the evacuation alarms are sounded. Certification is
documented on a visitor indoctrination form which the visitor and a TSTA
sraff must sign. Restrictions on their work are documented on this form,

QULALITY ASSURANCE PROGRAM

TSTA operates Jinder a Quality Assurance (QA) program based on
ASNI/ASME NNQA-2 "Quality Assurance requirements for Nuclear Facilities".
This program is an integral part of the daily operations of the facil-
ity. One QA Specialist from a separate LANL group is assigned full time
to the TSTA project. The QA program detalls the documentation require-
ments for the project, procurement and receiving procedures. training
prcgram. failure reporting, and calibration procedures (ref 3).
Documentation used in the operation of TSTA Is discussed in the next
section.

An Important element of the QA program is the review process. All
documentation, operating procedures, test plans, system design and
system design changes, and purchase requests must be approved hv a re-
vie~w board. This 1is accomplished by circulating the item to a review
board consisting of knowledgeable TSTA personnel who are not directly
responsible for the item, TSTA management and the Quality Assurance
specialist. The review board comprises different appropriate people
depending on the subject under review. When applicable, external people
are included in the review process. Comments are made in writing. It is
the responsibility of the initiator of the item to as3ure that the con-
cerns are vesolved. After resolution of the comments, the Iltem 1is
approved aud placed {n the TSTA QA system. The review board procc:s is
of gre«t Dbenefit to the TSTA program since it requires prer review,
Information exchange and communications among TSTA persounel are
increased through the use of thils process.

DOCUMENTATION AND PRCCEDURES

Documentation {s an Important part of the TSTA operatlons. Kach of
the syvstems of TSTA is described In a serles of documents deallng with
the deslgn and operation of the system. This Includes a System Design
Daseriprion (SDD) for each system., The toples covered In the SDD are:
system functlon, svstem deslgn and contiguration; deslgn cunslderations;
performance chavacteristics; componeuats parts and materials; Instrimen-
tatl~n and control: lutertfepces to other systems; operating limits;
fallure modes and eftects analvels: operating modes; malutenance proce-
dures; and emerpeney procedures. The SOD 1s the primarcv reterence tor
detalla of the systenm,

All experiments vonducted at TSTA (Ineluding bothh loop and the
cael L -geale nonloop experiment <) must have o DA approved Tost Plan. The
Tes: PMan must address the toilowlpg arcas: purpose ot the oxperlment;
cont lguratl n of the apparatus, Intertaces to all attoeted svetems; TSTA
svstems requlred for the experlment: persouncl who will be v rolved 1
the expertwept: sctedule: possible hazarvds that wmay exlxt and vespouse
1o these  haza.dyg out 13 an ot thae nxpoerliments  plan; amed  ddata
roqulrepent s, The Test Plan o the worklng document tar the expertment:,



The plan is approved with a TSTA design review board. This allows for
incorporation of other ideas into the plan.

For one-time operations, a Special Work Permit for Radiation Work
is used. This is a Los Alamos form which briefly describes the opera-
tion, radiation levels involved, protective requirements such as cloth-
ing, gloves and monitoring. The form {s approved hy the TSTA Health
Physics Technician, the Operations Supervisor and the TSTA Duty Operator
and must be posted at the site of the work. The permit is for a limited
time,

Another ‘mportant TSTA document is Working with Tritium. This doc-
ument gives the rules to follow when working on tritium systems. The
toplcs discussed are: training requirements; radiation badges and uri-
nalysls program; air lock procedures; TSTA “two man rule"; rules for
worik in gloveboxes; use of the portable ventilation duct; replacement of
a glovebox glove:; handling tritium contaminated equipment; waste
disposal; and protective clothing.

In addition to the internal approval for TSTA QA documents, the
same operating procedures must be approved by the Materials Scienre and
Technology Division Ofiice and the Laboratory Health Safety and
Environment Division. Standard Operating Procedures (SOPs) 1involving
radia ion, liquid hydrogen and hazardous waste are approved in this
manner. The Working with Tritium document requires external approval.

ALARA

Operations at TSTA are conducted within the ALARA (As Low AS Reca-
sonably Achlevable) philosophy toward radiation. Persornel exposures are
kept to a minimum. Total personnel exposure from the four years of
tritium operations from TSTA operations are less than 200 person mrem.
Exposures are determined with b{weekly urine analysis. If exposures are
higher than normal, project management weats witli the i{ndividual to
determine Lhe causes and ldentify ways ro reduce the exposure.

Routine swipes of surfaces Ila tritium areas of the facllity are
raken Dbiweekly by the HPT. Normal readings for swipeable contamination
are lcss than 1500 dpm/100 em® (dpm, diIsintegrations per minute).
Gu&dellnes at l.os Alamos are, clean areas are less than 1000 dBm/IDO
¢m“, experimental areas between 1000 and 10,000 Jdgm/100 em” . (f
contamination levels are higher than 1500 dpm/100 cm®™, the area ls
cleaned up until the level is below 1500 dpm/100 em’ . A report ol the
levels 1s distributed blwaekly., The TSTA Duty Operator :also takes swlpes
on a wecekly basls. These are taken In varied locatlons In bohi the
tritium and nentritfum ~arsas of TSTA such as on tools, door knoby,
dasks, ote. Records al these swipes are kept Ina TSTA notebook.

TSTA poals for telthum emlsslons to (he environment are less than
200 vurles per vear. Total tritium releases teom TSTA duving e tonr
vears of tritmam operatlions have been approxtmately 3 turles. Monthily
teloases duvlng 1987 averaged 1.5 tarles, When releades preatey than
thin acenr, the cause i Investlipgatod,



For preplanned maintenance on contaminated systems, care is taken
to reduce personnel exposures. Suppllied air is available for emergency
use. For some operations self contained breathing apparatus are used.
“hen nonsecondarily-contained lines are opened a porctable ventilation
duct is placed near the line. If tritium 1is r»leased the contamination
will be swept to the TSTA stack. Tha TSTA HPT is always present when
contaminated or possibly contaminated lines are opened. At times when
releases to the room are possible, access to the tritium areas lis
restricted.

CONCLUSIONS

Safe and efficient operation of an tritium facility starts with
proper system design and proceeds by good operating methods and
procedures. The operations at TSTA are an example of how safe and
efficlient operations can be performed. Many of the procedures discussed
in this paper can be of use to other tritium facilities.
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