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AN UPDATE ON THE

TRITIUM SYSTEMS TEST ASSEMBLY (TSTA)

J. L, Anderson and D. 0, Coffin
Los Alamos Scilentif{c Laboratory

Summar mcdules, and the cryogenic Isotope Separation

=~ Syatem (ISS). We have contracted for the out-

In January 1977 the Los Alamos Scientific gide fabrication of a DT Fuel Clean-Up { 'CU)
Laboratory started designing the Tritium Systems package. ta be _inatalled in 1981. We are oW
Test Assembly (TSTA) to support the national assembling on site the _plasmn c'hnmber evacuatlon
fusion energy program, We have now designed all (VAC) and DT gas Tranafer Pumping (TPU) modules
the necessary systems and are proceeding with and the computer-based Master Dntn‘Acquislt;on
the fabrication and installation of equipment at and Control (MDAC) syatem. We obtained several
the TSTA facility. TSTA will be capable of key companent s early in the program and conducred
processing fusion-reactor quantities of DT gas expornmel\ts‘t[\at onnbl.rd us to complete design
by early 1982, Units which we have already on some critical pacing systemsa. Ameng these
built and installed include the building utili- important findiogs are: (1) that all plasma
ties and ventilation, the Emergency Tritium exhaust gases can be simultancously evacyated
Cleanup (ETC) and Tritium Waste Treatment (TWT) with a compound-design cryopump; (2) that helium

TRITIIM WASTE
ISOTOPE SEPARATION TREATMENT EMERGENCY TRITIUM
SYSTEM CLEAN)P

FUEL CLEANUP

CO/NTRUL ROOM

EXPERIMENTAL
CONTAMINATION
STUDIES

GAS ANALYSIS

VACUUM TANX

Fig, 1. Plhivaseal lavont of the Tt tam Svatems Toest Anaembly,



Yash" can be separated from reusable DT fuel
during cryopump regeneration; (3) that a mult.-
column cryogenic distillation system can I
integrated and stably controlled; (&) that
cryogenic adsorption provides adequate final-
stage removal of condensable impurities; and (5)
that oil-free, tritium-compatible vacuum and
transfer pumps, which operate uver the entire
subatmospheric pressure regime required for TSTA
processes, can be fabricated using state-of-the-
art technology.

TSTA Overview

TSTA comprises four categories of systems:
(1) the main DT process flow loop; (2) environ-
mental and safety systems; (3) general support
systems: and (4) the physical plant. These have
been fully described elsewhere,!”2 so the pre-
sent discussion is limited to current status of

systems completed or under active development.
The general layout of systens within the Los
Alamos TSTA facility is shown in Fig. 1, and

Fig. 2 is a photograph of the refurbished

building.

Environmental Systems

Because no objectives of TSTA are more impor-
tant than those relating to operational and envi-
rormental safety, we plan that all enviroumental
systems will be installed, teated, and proven
functional before tritium is intvoduced into the
main flow loop. ¥unding was phased to install
these systems and their support faci.'ties first,
and work on the major environmental .vstems is
now 2ssentially complete.

Ventilation (VEN)

T The 2-zowe ventilation system has been in-
stalled, checked out and put into operation. The
Jrd stage of ventilation will be provided by a
nitrogen-utmosphere glove-box system, which will

major DT-gas

be modular and will enclose all

Fig. 3. TSTA Ewergency Tritium Gleanup (ETC),

processing systems. Fig, 2 shows the stack and
external ventilation ductwork inatalled.

Emergency Tritium Cleanup (KTC)
 The ETC at TSTA, which is desigaed to con-
tain and recover easeantially all t-itium fol~

iowing any accidental releasge, ncorporates
several new com:,cpr:n.3 This system has been
installed in the TSTA building aud has bheen

connected to the ventilation system, An avtist's
concept is shown in Fig. 3. Because of the im-
wense procesaing capacity of ETC, it occupies a
significant fraction of the available apace at
TSTA and accounts for a major portion of TSTA
expendi tures.

Tritium Waste Treatment {TWT)

This aystem, which collects and detritiates
all gascous TSTA waste atreams before they reach
the exhaust stack, is based on a design which has
been  aucceasfutly operated at LASL for five
yeavn The TSTA-TWT is  now  inatalled and
needs only be interfaced to the TSTA Man’ ov Data
Acquinition and Gontrol (MDAC) ayatem for teat-
ing, Fig, & in an isometric of the major compo-
nenta of IWT,

Main I'rocesn Synt oms

Plasma Chamber FEvacuation (VAC)
Al major components of this nystem have bheen
purchnned,  The  fivat crvopump  with
independently  temperature controlled
tov BT ana helium  (Fig., %) was

fepatate,
ctyopanela
draigned,
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Fig. 6. TSTA plasma chamber vacuum system (VAC).
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Fig. 4. TSTA Tritium Waste Treatment (TWT),

assembled, and tested at LASL.? Two additional
¢ryopimps, b~ using alternative sorbents for
pumping the helium part of the gaa load, have
been delivered to LASL, and all 3 pumps are being
tested to evaluate their suitability for TSTA,
the Engineering Test Facility (ETF) and maguetic
fusion vacuum systems in general. The simulated
torus, cryopanel regeneration system, and other
components of VAC are being installed (Fig., #).

SIEVE

Fig, 9.

TSTA Prototype compound cryopump.

A 4-column, cryogeric isotopic distillation
system.8-9 designed to provide product streams
of pure deuterium and tritium, refueling-grade
DT, and environmental-quality HD waste, has
been built €or TSTA by Arthur D. Litcle, Inc.
This system, complote with cryogenic refrigera-
tion and microprocessor control, was delivered
to LASL and installed at TSTA during the summer
of 1980, Preliminary runs have been made with
nydrogen and deuterium to verify the validity of
the design and stahility of the control system.
Fig. 7 1is an accurate conceptual representation
of this system,

Fuel Cleanun *(FCU)

We have run experiments that estublisn that
adsorption at liquid-nitrogen temperature reduces
condensable impurities to less than . ppm. We
subsequentiy designed an FCU package that com-
bines alternately used catalytic-reactor and

~>
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Fip. 7. TSTA Isotope Separation System (188),
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Fig. 8, TSTA Fuel Clean-Up Module (Schematic).

hot-uranium front ends with a cryogenic-adsorber

aecond stagell, All sections of FCU provide
for regeneration and recovery of hydrogen iso-
topes back into the mainstream flow. Fig. 8 is
a simplified schematic of FCU, which is being

fabricated for TSTA by Grumman Aerospace Corp.,
and will be delivered and installed in 1981.

Transfer Pumping (TPU)

Throughout the main fuel-processing loop,
many tritium~gas transfer pumps are required to
generate flows and nressures for chemical pro-
cessing., Pressures range from high vacuum to 2

atm abs. This requirement for tritium-compati-
ble transfer pumpsil=12 hay Leen previcusly
addressed, ana we have been able to purchase and
modify various commercial pumps to meet our re-
qQuirementa at TSTA. Modifications were required
to eliminate tritium-incompatible materiala or
improve leak integrity, and every recognized re-
qQuirement tor pumpsa has now been met. The LASL.-
moditied commercial pumps include an all-metal
reciprocating-bellows pump, A canned-motor,
Ferrofluid-aealed Roots blower, and a bellows-
apaled, spiral-cavity, high-vacuum blower.

Master Data and Control System (MDAC)
An importfant objective of TSTA is to demon-

strate integrated control of many intervelated
systemn it comprises, Units reouiring reliable
real -time  conurol inclade the  DT-proceaning

environmental and
come oun-line auto-
comprehensive com-

the ouly practic-

modules as well
safety systems,
matically when
puter-based

as the many
which must
needed. A

control system is

able way to accomplish this task, A Data Gen-
eral Eclipse minicomputer system has been pur-
chased and installed in the TSTA control room
(Fig. 9). The hardwired control lines have been

installed and FORTRAN software is being written
for some operational TSTA systems.

TSTA control room,

Fig., 9.



Conclusicn

Many technical problems addressed early by
the TSTA staff have now been resolved. Fabri-
cation and installation of the major environ-
mental gsystems are essentlially complete, and
assembly of the main process loop 8ystems 1is
proceelding on schedule., Withia two years TSTA
will start generating operational data that
should be valuable to design teams of the
Engineering Test Facility (ETF).
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