Ly Db et 48 250 £ 05 L i b

3
i
3
i
i

:
i
|
d
1
{
H
H
!
j
!

;
|

PREPRINT UCRL- 76707

—— E————v N

Lawrence Livérmore Laboratory

A SECONDARY CONTAINMENT SYSTEM FOR A HIGH TRITIUM RESEARCH CRYOSTAT

R. T. Tsugawa, D. Fearon, P. C. Souers, R. &. Hickman, and P. F. Roberts

September 10, 1975

This paper was prepared for submittal to the Proceedings of the International
Conference on Radiation Effects and Tritfum Technology for Fusion Reactors,
Gatlionburg, Tennessee, Cctober 1-3, 1975

T

This is a preprint of a paper internded for publication :n 3 journal or proce2mgs. SInCe CNENGas Muy b Made
before publication, this preprint is made available with the uncerstanaing :hat it will not be Citea or reproduced
without the permission af the aulhor.

Oty B RTTET: ST




was prepured a1 as acount of work
T L e
the Lwmard Surey Ror the Lased Suie knep
Aavsnrk #nd Drmiopestm ASSunninton. mi e of
har rmphryers. BN ASy of i  crwtracon.

-]- pesy it gigoeaberiid
1 v perevieh umed rghts

NT _SYSTEM FOR
RCH_CRYOSTAT

\ SECONDARY CONTAL:
HIGH TRITIVH Ki

R, T. Tsugawa, D, Fcaron, P, €. Souers.
R. G. Hickman, and P. E. Roberts™

Lawrence Livermore Laboratory, University of California
Livermore, California 494550

ABSTRACT

A 4.2- ro 300-K liguid hellum crvostar !~ been co -tructed
tar crvogenic samples of D=T containing up to 4 - 1014 ais/s
(10,000 Ci) of tritium radicactivity. The rryostat is enclosed
in a secondary box, which acts as the ultimate container in
case of a tritium release. Drv argon is flushed through the
box, and the box atmosphere is monitored for tritium, oxveen,
and water vapor. A rupture disk and abort tank prorect the box
atmosphere in case the sample cell breaks. I{ tritium breaks
into the hox, a powdered uranium getter trap reduces the 4 ~
1014 dis/s (10,000 Ci) to 4 v 109 dis/s (0.1 Ci) in 24 h. &
backup palladium-zeolite getter svstem poes into operation if
an overabundance of oxvgen contaminates the uraniusm getter.

INTRODUCTTON

There is considerable interest in controlled vdroven fusion by
lasers, cvlectron beams, or magnetic confinenment. The usion Tuel funitio-
' at the lowest temperature is the three—component heavy hydrogen mixture,
Dq—DT-T). commonly referred to as D=T. Becausc D-T can be used in liquid

\
or solid form, the physical properties at cryvogenic terperatures become

of extreme interesc.

T

“This work was performed under the auspices of the U.S. Energy Rescarch
& Development Administration.




[n companion articles we veported on the phase diagram and other
phvsical properties expected lor D~T.l’2 To measure some of these
properties, we constructed a liquid helium research cryostat designed
to hold up to 4 x 1014 dis/s (10,000 Ci) tritium, which is equivalent
to only 7.5 % 10_fJ m3 of liquid D=T, Most of our design and construction
effort went into the tritium concainment svstem. This system is built in
accordance with modern "zero release" standards, which have been adopted
for protection of personnel and the eavironment. The method used (s
secondary containment, in which the entire experimental apparatus is
housed in 4 wastivht box, Altheough chances of & rupture {n the crooesta
are slight, any leaked tritium is again contained by the box.

THE D~T CRYOSTAT SYSTEM

The cryostat system is composed of the crvostat itsclt, iiquid tieliun
transfer lines, D-T gas pressure bottles and input lines, a rupture
disk and abort tank, a quadrupoale nass apectrometer, a helium leak
detector, and rtwo pumps.

The crvostat is a commercial, Tiquid heifium unit (Nir Prndnrl»ﬁl
1

ot

modified for tritium use by replacing all c¢lastomer O-rings by met:

(eritium radiation degrades elastomers). It is g smali unit (1.5

4.2 K, 8 W at 20 K), requiring no liguid nitrogen and containing onlv

. -6 3 .. . . . ; Lo

2 x 10 7 m~ liquid helium at anv time. This liquid can evaporate into

a large exhaust veolume that passes out af the box. Therefore, no helium

enters the box atmosphere; the entirc path of the helium is gastighc.

6

—~ -8
The cryostat is insulated by a 1.3 » 20 Pa (10 = Torr) vacuum, provided

by a 0.175 m3/s oil diffusion pump (with mechanical roughing pump).
During assembly, leaks may be monitored by a helium leak detector
1

_ 12
(Varian), sensitive to 1.3 x 1C 0 Pa (10 °~ Torr) air, on the vacuum

line.

*Reference to a company or product name does not imply approval or
recommendation o the product by the University of California or the
U.S. Energy Research & Development Administration to the exclusioa of
others that may be suitable.
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The 2 - IU_ﬁ N} liquid helium reservoir is inside a vcold black,
wrapped with heater wire to vield continuous temperatures from 4.2 o
300 K. The sample cell is attached to the cold block by a C-shaped
copper conncctor. Varnish (General Electric 7031) is used for good
thermal contact, A germanium temperature sensor, calibrated with liquid
helium and the vapor pressure of Dv,l {s plued to the sample cell.

A stainless steel tube (3,18-mm o.d., 2.67-mn i.d.) runs the lenxth of
the cryostat to the sample cell and is pinned to the c¢old blook to reduce
rthermal loss.  This tube carries the D=-T gas from an input proessure
bottle and also removes the D=T to a4 small uranium gerter tro, outside
the containment box. The D-T vapor mav be analvzed by a quadrupole mass
spectrometer (Uthe Technelogy International), sensitive to 1.3 - lﬂ-ll Pa
(IO_lA Torr} ¥,. The cryostat his been tested by tbe successiul freezing
of Dz.

The sample cell can contain up to 3 - 10_6 m3 liquid or solid =T,
This amount, combined with that in the lines and press-re bottle, totals
IS ]0M dis/s (10,000 €i). Also, the thermal capacity of the cryostat
is small to aveid large amounts of crycgenic liquid that might wvaperize.
Nevertheless, the poassibility of 2 sudden breakage of even this smali
sample cell pust be recognized. This is especially critical in optiral

experiments with glass sample tubes and viewports.

11 the sample ceil breaks, the tritium is contained in the crvostat
vacuum jacker, because the vacuum pump to this space is closced of1 before
foading the D-T. However, the pressure buildup in the vacuum spiace of
the cryostat vould reach 1 MPa (150 psid.  To prevenr the blewins outl

of optical windows or gaskets (and the tritium entering the box), a

P

prolective disk ruptures at 3.5 > 107 Pa (3 psi) over atmospheric
. .3
pressure, and the gas passes into a 0,04-n" abort tank. Hence, the

scecondary tritium containment system is net required in this case.
THE TRITIUM CONTAINMENT SYSTEM

The main component of the tritium containment svstem (shown
schematically in Fig, 1) is the argon flush box, inside of which are

the crvostat and the tritium recovery cquipment. A dryv argon atmosphere
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is maintained in the box o aveid conversion of tritium to the more
dangerous tritiated water and to avoeid contamination of the tritium
recoverv system. A large assortment of monitors and contrel valves
are interfaced with the box. The completed containment system, including

the enclosed crvostat, is shown in Fig., 2.

The box (Vacuum Atmosphere) is made of aluminum with Pyrex windows
3 -
o The

tightened into rubber gaskets and has an internal volume of 2
cryastat s attached by O=rins seials to the box renf.  There are 10

ports for rubber ploves Lleng the sides, and air and water vapor slowly
permeite througzh these ploves while in use.  To purge these contaminants,
a steady flow of dry argen (15,0, 0,, and N,, less than | ppr) is passed

througih the box at a 1.5 ¥ 107* nd/nin rate. The argon passes through

a one-way check valve and exhausts iuto the building smokestack
a rubber glove is punctured, all opcerations must cease until the glove

is replaced and the atmosphere reestablished. (It requires one weck of
arpgon purge at a high flow rate to achieve the equilibrium low-
contaminant atmosphere.) When not in use, the glove ports are covered
with aluminum plates seated against flat rubber gaskets. The space
between the plates and the rubber gloves is pumped to 1.3 Pa (1C|-2 Torr)
with the sucond 0.25—m3/s mechanical pump. Articles may be brought into
the box through an air lock cannected to this mechanical pump. Dryv argen

is admitred to bring the air lock to atmospheric pressure.

The box argon atmosphere is controlled to 101 < 0.3 kPa (1 atm ¢ 0.37)
by a phatohelic rubber diaphragm switch (Dwyer Instruments), which
eclectrically opens the mechanical pump valve if the box pressure is too
high or opens the argon inlet valve it it is too low. As a backup
svstem, in the event of photohelic vontrol failure, the box is connected
to the outside world via an oil bubbler. If the box pressure is tco
high, the excess gas will be forced out through the oil and into the
stack. 1f the box pressure is too low, stack air will be sucked into
the box, destroying the integritv of the atmosphere but saving the box

from implosion.
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shown schepaticatly io Sestoadvin o design Lo date .

A metal hellows pamp o capacity cir alates the box

atmospirere through the getter. The i~ basicallv twe

concentric cvlinders.  The inner viinder holds travs of "activated”
uranium, activated by reacting uraniue chips to hvdride and then thermallv
decemposing the compound,  Thoe result is o vraniom powder of micrometer

size and larpe surtface area.  The uranium powder is prevented from
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spilling out by =g stainless steel Trits through whic b the box atmospiner.
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is passed.  The outer can nerves to farther cnclose the
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that is retained on the zeolite ia g sorm not casilv recoverable.
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