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ABSTRACT

Operating procedures are important for the safe and efficlent
operation of the Tritium Systems Test Assemblv (7STA). TSTA has been
operating for four vears with tritfum in a sate and cfficlent manner.
The inventorv of tritium in the process loop is 100 grams 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, ls a prototvpe fusion reactor tritium fuel
reprocessing system. 1t was bullt for the demonstration of tritiuwan han-
dling svstems necessary for tritium-burning fusfon reactors. The facil-
itv has been operating with tritium for approximately four vears. The
current Inventory of tritium is approximatcly one hundred prams, with
DOE approval for a maxinum inventorv of two hundred prams. cCoordinat{on
af the varied operations and activitles s Important to assure both
safety and effectiveness nf the operations and the personnel working in
the ftacility. In this paper we will describe how the TSTA facillty Is
operated wlith respect to both personnel and operating procedures. The
{nformati{on presented will be of Interest tor other ‘rit{fum facilities
currently under constructlon for the tusifon energy programs.

TSTA ORGANIZATION

Flgure 1 shows the TSTA organization structure. TSTA was desipned
and bullt as a Department of Encrpgy (DOE) propram. In 1987 TSTA became a
infntly funded of tort votween the Japan Atomice Enervpy Research Inst{tute
(JAFRI) and the DOE, Four JAERI] persommel are assipned to TSTA for a
one vear, then replaced hy four othevs. oOperation of TSTA remains the
responsibility of Los Alamos perzonnel

The Steering committee Ia composed of two US and two Japanese
personnel. They plan the major experimental programs.  The  project
operations are directly managed by the TSTA Profect Manaper and Depute
Project danager, As the {lpure [ndicates, the TSTA personnel are prouped
Into several teams with responsiblilities coverfng the ranpe ot skills
and activities needed gt the facllity,



There are 26 TSTIA personnel who are responsible for operation of
TSTA, 11 professional staff, four Facillity operators, three mechanlical
technicians, three electrical technicians, one Health Phvsics Technician
(HPT) ond four JAERI staff.

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

TSTA EXPERIMENTS AND SYSTEMS

There are varied experiments ongoing at TSTA. The primary goal of
TSTA is the operation of the TSTA tritium process flow loop. This loop
1s used to simulate the fueling systems for a fuslon reactor. This sys-
tem is described in detail in ref. 1. Current status of TSTA s pre-
seated In 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 gas stream, a
crvogenic Isotope separation svstem for the separation of hvdrogen
isotopes in to streams of T2' D> and DT; and a cryogenic vacuum pumping
system for pumping a simulated torus.

The second type of experiments at TSTA are those involved with
small scale nonloop experiments. These experiments are necessary for de-
termining the design of coumpcnents and testing of new components for the
fuel processing .oop. Some of these experiments are: a triuvium pellet
injector ; a palladium diffuser for the separation of hvdrogen {sotopes
from Impurities; a cerawmic electrolvsis cell for the electrolvsis of
tritiaced wiater; a test of the t.itium compatibl.ity of a plezo electric
valve. and measurements o catalvst converslion efficiencv. Other ex-
periments at TSTA Involve testing of tritium contamination effects., In
general, these experiments are done with personnel from other fusfon en-
ergyv proprams from the US and foreipn countries.

The loop experiments are controlled hyv a main process computer
control and data acquisition svstem (MRAC) . Nonloop experiments are con-
trolled jocaily efther through manual operations or a local computer.

There are safety svstenms tn support the experiments. These are: a
s7stem to treat waste pases to remove tritium betore the pases are
released to the environment; a svetem to recover acclidentally released
trit{wn trom the room alr; tritium monitoring ftor room afr and «tack
exhausts and emerpency v d uninterrupt ihle power .

TSTA {3 a computer controlled svstem, Most  interactions and
control of the svstem are performed from the control yoom through the
Man Machine Inrertace (MM Four «system computer consoles are ased to
monftor any of the 200 svstem displave. I'n additlion, there e several
daplavs avallable to monitor historical data and carrent trends of any
of the %90 analopue paraireter: Salety systems sach oas the paseons waste
treatment system CINTY and tvitiam monttoring svstem are aatomat feally
contiaolled by MDAC ather wvstems ate controlled by {odieiduad commands



glven by Facility Operators from the MMI. Alarms are displaved at the
MMI for variables out of limit.

OPERATIONS

The operations ongoing at TSTA fall into two distinct operating
modes, loop and nonloop operations. TSTA fprocess 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 currently are
operating with three eight hour shifts. The two shifts during the dav
are operating shifts, while the night shift is a holding shift. There {s
at least one Facility Operator as a member of each shift. The length of
the loop operations i{s usually one to two weeks. One of the llmitations
on the length is vhe small TSTA staff. The freaquency 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 mav decrease since
loop operations generally require participation of most of the TSTA
staff.

During loop runs, TSTA personnel are given variou-
responsibilities. A Test Directoyr for each shift '3 designated. The Test
Director is in charge of the operation of the experiments. He 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 responsibilities for *he local operations necessarv at the
various svstems such as gas analvsis and attaching and detaching tritium
containers. The loop operator and test director coordlinate all the
operations from the contrel room, Whenever necess.:.v, consulting
personnel are Included in the dlscussions. For offnermal oy emerpency
situations, TSTA persounel whom are considered experts are assipned to
each systom. These are the personnel who the Test Director copnsults
during an emerpencv. Short meetings or "Huddles" arve heid as needed to
discuss ohservations, decide appropriate acticns, ta kvep all TSTA per-
sonnel abreast of the current operations, and make changes In plins,
Shitt change meetings are held to intorm the oncoeming shift of the
status of the systoem.

Nonjoop operating perfods allow time tor malntenance and rvepalr
aperation of the nonloop expertments, tabvication of process systems,
and preparatlon of do-umentat fon. These t{mes tend alno *o bhe very ac
tlve times with many operations polny on simaltaneously, At t{mes, the
same TSTA svstems ore needed for the varfous experiments or operitions
To coordinate operatfons at  TSTA, one of the Facllity Operacors iy
appointed to the position of Duty operator . Thia position r1otates
turongh the four operators on a weekly basie

The aty Operator (s the contral person for the mondtoring cnd tha
coordinatfon of the dally operations In the tacility AlDL worl in the
factlity miast be explalned to the Ity Operator hy the persen vesponsd



ble for the work so that the Duty Operator can unders.and the Iimplica-
tions and interaction with other systems. The Duty Operator will halt
operations if there is insufficlent information to assess the possible
hazards or if he feels further analysis of Interactions 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 golng on at TSTA. A time perlod in the
meeting is devoted to safety concerns, both radiation and others. A
schedule for the next weeks operation is distributed to all personnel!l
TSTA. The schedule also lists any safety items that wcre raised at the
meeting.

A weekly report of TSTA operations is published. The report con-
tains the following information: summarv of the operations for the last
week: unusual occurrences; triclum inventory, including both location,
input, and output; inventory of tritivm in the waste treatment system;
tritium releases tc the environment through the sta-k: unusual
contamination levels In the facllity, solid waste genera~ed; and a
listing of all the "RED" alarms recorded by the TSTA computer (RED
alarms are those which require immediate action by the Duty Operatcr).

TRAINING

Training and certification are important parts of the TSTA pro-
gram. Training s required for both the TSTA Facility Operators and
other personnel who are involved In tritfum operations at TSTA Including
TSTA personnel and visiting staff.

Facility Operators are requlired to participate in a training pro-
pram that is part of the TSTA Quallity Assurance propgram. The propram
deals with the theory and operations of each of the TSTA svstems. Train-
Ing for each syster {s covered by a quallification card which has check
spaces for hoth theoretical knowledge and practtcal demonstration of op-
erations on the system. Both classroom lectures and on the Job training
are uged. The Ingtructfon 18 penerally plven hy TSTA personnel.
Operators are also sent to external training courses as appropriate,
After completion of the tralning for each svstem, the qualitication
card {8 s pgued  off. Perfodice  retraln®p and  recertiflcatton arve
required, This {8 particularly true an the areas of tritium snfety.

Visitor tralning and Indoctrination are also fmportant. All exter-
nal personnel arce required to he tamiliar with the TSTA Emerpency Plan,
tuley poverning working with tritium, and rales for TSTA opoarations, In
ncdition, documentation dealfnp, with the expllelt werk in which they
will be fnvolved must be read and understood  Visitors [avolved [n hands
on tritfum experiments, arve ausfpned to one of  the TSTA personnel
(penerally a Facflity Operator) to work with them fn all operations {n-
volved with trfitiham. They are plven a tour of TSTA, emerpency proceduresy



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 under a Quality Assurance (QA) program based on
ASNI/ASME NQA-2 "Quality Assurance requirements for Nuclear Facilities".
This program is an integral part of the daily operations of the faclil-
ity. One QA Specialist from a separate LANL group 1ls assigned full time
to the TSTA project. The QA program details the documentation requlire-
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
svstem design changes, and purchase requests must be approved hv a re-
view board. This is 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 Inclucded in the review process. Comments are made in writing. It is
the responsibility of the initiator of the item to asiure that the con-
cerns are vesolved. After resolution of the comments, the i{tem is
approved and placed in the TSTA QA system. The review board procc s s
of grect benefit to the TSTA program since it requires prer review,
Information exchange and communications among TSTA personnel are
Increased through the use of this process.

DOCUMENTATION AND PROCEDURES

Documentation {s an fmportant part of the TSTA operatfons. FKach of
the systems of TSTA (i described In a series of documents dealing with
the design and operation of tha system. This {ncludes a System Design
Dascriprion (SDD) for cach system. The toplcs covered In the SDD are:
system function, svstem design and configuration; design cunslderations;
performance characteristics; componeats parts and materialsy; Instrumen-
tatli=n and control; Interteres to other systems; operating llmits;
fallure modes and eftects analvels; operating modes; malntenance proce-
dures; and emergency procedures. The SOD is the primary reference ftor
detalls of the system,

All experiments conducted at TSTA (ineluding both loop and the
cael b -seale nonloop experiment <) st have a QA approved Test Plan. The
Tes: Plan must address the foilowing areas: purpose of the exporiment;
conf lpwrrat! n of the apparatus, Iinterfaces to all affected svstems; TSTA
svstems required for the experiment: personnel who will bhe v volved In
the experimevt; sdchedule; possible hazards that may exlihst and response
to  theye  hazaods;  outline  of  the  sxperfments  plan;  anld data
requirement s, The Test Plan {y the working document for the experimentu,



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 important TSTA document is Working with Tritium. This doc-
ument gives the rules to follow when working on tritium systems. The
topics discussed are: training requirements; radiation badges and uri-
nalysis 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 Materlals Sclenre and
Technology Division Ofiice and the Laboratory Health Safety and
Environment Division. Standard Operating Procedures (SOPs) involving
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 Achievable) philosophy toward radlation. 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 biweekly urine analysis. If exposures are
higher than normal, project management weats with the Individual to
determine the causes and {dentify ways to reduce the exposure.

Routine swipes of surfaces [a tritium areas of the facility are
raken biweekly by the HPT. Normal readings for swipeable contaminatlion
are luss than 1500 dpm/100 cm® (dpm, disintegrations per minute).
Gujdelines at Los Alamos are, clean areas are less than 1000 dBm/IOO
em“, experimental areas between 1000 and 10,000 dgm/100 em”, [f
contamination levels are higher than 1500 dpm/100 em®, the area Is
cleaned up until the level Is bhelow 1500 dpm/100 cm” . A report ot the
lavels Is dlstributed biwaekly, The TSTA Duty Operator also takes swipes
on a4 weokly basis. These are taken In varfed locatlons In bach the
tritium and nontritium ~srcas of TSTA such as on tools, door knobhs,
desks, ote. Records of these swipes are kept In a TSTA notebook.

TSTA poals for tvitium emissions to the environment are less than
200 turfes per vear. Total tritiam releases from TSTA durfng the lour
vears of tritium operations have been approximately W Curfes. Monthly
roloases during 1987 averaged 1.5 curles, When releases preater than
this occur, the caude Is Investigated,



For preplanned maintenance on contaminated systems, care 1s taken
to reduce personnel exposures. Supplied air is available for emergency
use. For some operations self contained breathing apparatus are used.
“Jhen nonsecondarily-contained lines are opened a portable ventilation
duct is placed near the line. If tritium is 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 is
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
efficlent operations can be performed. Many of the procedures discussed
in this paper can be of use to other tritium facilities.
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