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CONTROLLING PARTICULATES, TEMPERATURE, AND TRITIUM
IN AN INERT GLOVEBOX FOR A WEAPONS PROGRAM

Abstruct: A glovebox is described in which soveral environmental
parameters are controlied and monitored. Included in these are
particulate, fritium, water vapor, oxygen and tomperature. The paper
details the design rationale and process and describey the glovebox,
presenily in use for neutron generator produciion.

INTRODUCTION

The production of neutren geaerators has been performed a1 & epartment of
Energy (DOE) contractor-operated facility, the Pincllas Plant, in Largo, Floridu sinco
the 1940°'s. Because of the new workd oeder wind twe redieed nundier of naclear
weapons DOE chose to close the Pinellas Plant and transfer their reduced-buikl
function to Sandia National L.aboratory (SNL.) in Albuquerque, and 1.0 Alainos
National Laboratory (LANL) iu Los Alamos, New Meleo. The transtor was
conducted under the DOE's non nucloar reconfiguration praject.

The building of neutron tubes and neutron generators vequires a target that is
reacted (loaded) with tritium o form a solid compound, erbium tritide. The target is
approximately one inch in diamoter and is composed of a 10 mil thick molybdenum
substrate under a 5000 A thick evaporated layer of metallic erbivm. The target is
placed into a loader in which temperatures and pressives are adjusted to cause tiw
reaction of the erbium with tritium gas, creating erbivin tritide.

The tritium reaction process to obtain a fimctional target was considerod to be the
most eritical and maost ditticult stop in the noutron generstor production busnwss.
Becanse ol clirvnic deadline requirciwonts, the Pinelias Plant did not aptimize the
chemical process and conscquent conditions tor target loading. ‘The DOL decided to
separato the target loading (unction trom the rest ot the noutroh geactator business
and {.ANL, to wotk with SNL. to produce working generators. [his project was a good
fit to cxisting expertise and facilities at LANI, and allowed SNL to coucentrate on
other oritical aspects of neutron generator construction.

The loader employved a the Pinollas Plant had a large capacity and was non
located within u glovebox. Although the process warked, the part reject ate and
waste product was significant due o dust contmminants aid excessive oxwdation. The



project transfer period gave LANIL, an apporwunity to improve the hardware and
safcty aspects of production. Tho primary decisions were that:
1) the loader would be downsized and more recent technology would be used, and
2) the loader would be located within a glovebox o contral the utmosphere,
reduce particulates, and isolate workers from direct tritinm oxposurv.

Although use of the specified tritium yas processing equipiment is oot new, the
circumstances and combination of lechnologies used for the noutron target loading
may be considorsd novel. For this paper discirsion will focus on:

1) improvements in loader hardware which leads to glovebox restraints

2) glovebox design accounting for purticelate control, moisture and oxygen

control, temperature control, and tritium conlrol and abatement.
A guiding principle behind the achievement of these functional goals was the
consideration of the work environment in order to make the process less burdensome.

PINELLAS PROCKSS AND DESIRED CHANGES DURING
RECONFIGURATION

The following sections describe the improvements made by LANL to the Finellas
operations of loading tritivm onto the tangets.

Increase the Containment Security of the Precess Equipment

The general approach at Pincllus to tritium handling was 10 use fume hoods or to
have a ventilating duct pear the loader to carry away tritivm released during load-
in/load-out aperations. These practices potentially expose the worker to trithun,
This approach is also not conslstent with current practices ut LANL, so the decision
to contain the loader and associated equipient in a monitored glovebox was integral
to the LANL dosign from lnceptlon. This was true, In spite of the fact that tritium
inventory could be maintained at less than {000 curies without hupacting production
ratos. Capping tritiuin inventory at 1000 curics allows (he process to bo conducted in
a radiologicul area, a much less rogulated work environmont thun a Category 1l
facility. ALARA principles drove the design ol the glovebox and operating
procedures such that reaching the best clean-up achievable was a prerequisite o
opening the laad chamber.

Increase (xygen and Hamidity Coatrol

The Pincllas expericnce pointed o tiwe desirability ot maintaining impuritics
(oxygen and maolstnrg) to an absolute niinimum as a way of improving product
quality. I he sigaificance of axygon and water i the systen is duo to the propensity
ol crbium to form an oxide film: this slows the tritiding process and necessitates
higher activation and loading temperatures. ‘The Pinellus process relied on getters to
purify process gas during loading. tt was folt that the impurities that drove the
process at 'inellas to use high temperatures and purifying gettors wero introduced
during load-in/load-out. ‘1herefore, it was detormined to control the atmosphere in
the vicinity of the loader in order to reduce axygon and water vapor contantination
of the interior of the loador during trangfer operations,

Introduce Particalate Cantrol System
At Pinellus it way discovered that a major cause of component (ailuie was

particulate contamination on the target surface. Particies of 3 micron size sl larpor
ou the surfiece were tound t canse n high volinge hroakdown of the compenent



Although clean rooms were used at the plant for various manufacturing processes, the
enviroament where target loading took place was not contralled for particnlates. At
Pinolias, the particulate control consisted of cleaning off the targets with blow-oft
guns prior to further processing. It was determined that (he design of the Los Alamoy
glovebox should incorporate a “clean™ work zone in wiiich targets could he losded
onto fixturing and then loaded into the vacuum system and vice verss, This zone was
defincd as a Class 10 (no more than 10 0.5 micron particles per cubic fool) for
airbormo particulates. The addition of this controlled environment inside the
glovebox would help increase the acceptance rate of processed components.

Chaage tke High Vacaum Pump to Reduce Tritium Waste

lon pumnps were used oxtensively on load chambers at Pinellas (o achieve oil-free
high vacuum prior to processing targets as a micans of impurity control. At the
conclusion of a tritium load the bulk of the unused tritlum was pumped back to the
uranium heds and this was followed by several purge/rough-pump cycles to clean up
the loader prior to unloading targets. Neveriheless, the tritium pumped by the high
vacuum pumps eventually led to pumnp inventories on the order of 2000 curics. This
retention necessitated special recovery procedures to be performed it the end of the
pump’s life. Based on the Pincllas experionce, a design goal of replacing the ion
pumps with a pump that did not hokd-up tritiun was adopted. A related goal was o
find a pump that was more compact and simpler (o operate than an ion pump.

IMPLEMENTATION AT LOS ALAMOS & FFFF.CT ON GI.OVEBOX DESIGN

The following scctions describe the rationale behiind the 1L ANL implementation of
a glovebox approach to arget loading.

Glovebox Coasiderations

‘The primary functions ol the glovebox were (o provide secondary contaiument
for the loader systemn and incorporato all the essential equipment aud systemn
necessary lor the processing ol targets. This would include equipment for the
handling, inspection, and cleaning ol targets, hardware tor operating the louder
systom, and cquipment neccssary for main@ining the desired environnwnt.

The glovebnx design had to lncorporate all the manual, sechanical, electrical. and
gas interisco components nccessary for ntorfucing with the toader system, the
support systems, facilitics, ad hwman operatars. 1t was also ossentiai that the
ghovehax provido thic foattiros needed for the rellable eporation ol the loader sysiem
and «fficient processing of targots.

Glovebox Atmosplicre Monltoriag aad Control

Whercas waste tritium from lond operations at Pineilas was stacked, the
philosophy at LANL was (0 contain any waste tritium within the glovebox untii the
level rose sufllciently to warrant u dry-pas purge. When purping the glovebax
reduce tritium concentration, fres tritium and tritisted wator vapor should be stripped
from the purge gas to microcurie levels betore exhausting the purge gux to the
atmosphere. Therefore, the design objective for the aew facility at Las Alanos was
to reduce lossos of witlum during production 10 an absalute winimum, contain the
tritivn within a giovebox and then, whien a glavebox purge was required, to reduce
wasle tritiwn releuses to tie aunosphore o negligible levols,



It was detormined that the atmosphere in the glovebox wouid be nitrogen and that
both the oxygen and moisture lovels should be maintainod under 100 ppm. Tritium
containment safety usually requires a negative pressure in the glovebox, but product
purity requirements suggested that the glovibox be muintained with a pusitive
pressure.  In selecting the operaiing pressure of the glovebox, these two conflicting
requirements wore considered. Because the glovebox had a very low loakage rate, it
was possiblo to operate at a nogative pressure withont compromising particulate
control. [t was also necessary to constantly monitor the oxygen and moisture levels
inside the glovebhox.

A system was needed that could perform the following functions:
1) Maintain glovehox pressure,
2) Monitor atmosphere for tritium, oxygen, and moisture,
3) Maintain oxygen and moisture fovols below 100 ppm, and
4) Purge glovebox with nitrogen when necessary.

Particalule Control System

Two different approaches were examined for implementing a “clean™ Zone insidc
the glovebox. Ove approach was to purchase a HEPA filtered glovebox. This would
provide downward {aminar flow into a grated floor and recirculated with internal
blowers to roof mounted HEPA units vie ducting built into the glovebox. The
altomative approach was to install a 2°x2' horizontal flow [LPA lategrated Blower
Filter (IBF) unit inside the glovebox directly in front of the desired work zone.

The advantages of the filtered glovebox were that the cleanliness level of the
entire glovebox would be improved and the filters would not nse any floor space
within the glovebox. The dissdvantuges were the cost of the glovebox itself, ninor
incompatibrlities with the vacunm system the glovebox would be housing, the
extended delivery time, and th « cost of clean up in the event of severe tritiam
coutaniination inside the glovobox.

Becsuse componeals would only be handled in the designated zone within the
glovebox, It was determined that the independent horlzomal 1BF unit woukl be a
wiperior solution o the problem. Howover, testing wanld he necessary in arder to
design and incorparate a systemn that would provide the largest clean zone.

It was determined that it would be necessary to mowitor the work zonc for
alrbome particulates; it would be heneficlal to monitor other locations it the
glovebox as well. The ITEPA IBF unit would need (o he monitored for portonnance
with a volocity sensor in order to detect clogging. The sensors that would be utihized
to porform the monitoring functions would have to be compatible with the varlous
equipment located inskdo the glovebox, Sonsor size was a critical isuw slnce space
insido a glovebox iy limited.

A wicr-fricndly system was dosired that could continusously monitor ail scasors,
display real-timo data, and archive the nceessary data, Theso toatures would allow us
to e which processes and actions pertored in the glovebox vesult in increased
alrborne particulate activity that could possibly cause contamination problems. 1he
systom alna neoded 10 be expandabie for monltoring up to three gloveboxes.

Temperature Control Within the Glovebox

Containing the 1 osder campanents within a static prossure, hupurity and



particulate controiled, incrt atmosphere glovebox raised concoms about heat
generation within the box and it's effect on component reliahility and npon operating
personnel. It was recognized that the comfort of the operating personiael should be &
primary concern. Comfort during extended operatians while wearing smocks and
Pylox gloves with arms and hands working within glovebox gloves was important
because the amount of tritium absorbed through the skin is sirongly influenced by
perspiration.  Also, some of the oporations involved in target load-in/load-out are
tedious and require special care to prevent pariculate contamination of the targets.
Reducing both the time required for louding und the temiperature of the environment
was felt to offer a greater payback in the form of lowerod rejection rates than the
initial outlay. The goal of controlling temperature was integrated into the design of
the new Loader as a consequence of the dusign goal of glovebox containment.

Maintensnce and Accessibility

Containing the loader system inside a glovebox added 1 level of complexity to the
officient operation of the system from a production perspective. It was therefore
necessary to design features into the loader system and glovebox support svstoms that
would facilitate accessibility and esse of operation and maintcnance for systcm
operstors. Tt was also desirable to automate system features whore feasiblc so that
operators could activate equipment from outside the glovebox.

LOS ALAMOS GLOVEBOX SYSTEM DESIGN

The lollowing sections shaw how the particutar technology used in the target
louding operations was integrated into the design specifics of the glovebox layout.
The sections show how # better cavironment for loaded target production was
achieved at LANL.

Glovebox Sicing, Confliguration, and Features

One of the driving forces behind the size of tho glovebox was (o Keep it as
standard as possible in order to minhinize the price mud delivery time. AutoCAD was
used to spatisily relate the loader components and then to give a required envelope
surrounding tho parts so that glovebox procurement drawings conld be propared. it
was soon apparent that an extra wide standard glovebox would not quite work, mainly
I:swcause of a pneumatic actuator on tho Loader chamber valve.  Rather than adopt a
non-standard glovebox width to accommodate the valve, a window frame extender
was added to the window adjacent to the actuator. ‘This provided the towr extra
tnches needed without departing from a cross section which ix, itself, at the linit or
glove access to the entire box volume.

Tho length of the Loador was found to be longer thau two standurd soctions but
three soctions were too fong for the designated location in the tritinm facitity. lon
fect way sclected ay the compromise length und did not grestly at¥ect fabeication cost.
Anothor doviation feom a standard glovebox was the addition of & full-length six wch
coiling “tophat” oxtension. This was nccossituted by the need to focate the HIEPA
filtor returm duct as well ay to lind a location (0 routo cables and gas piping. Although
it wasn't considercd standard, the ceiting cxtension had been previously incorporated
into gloveboxes provided by the manufacturer, and drawings were readily available.

A “working” sido was dosignated ta the glovehax, wiere it was dutennined that the
almost all processing would tako place. This included tinstanng tarpets wand out



of the glovebax, inspection of targets, loading of targets onto fixturing, transfcrring
targets in and out of loader system, and taking gas samples. The glovebox design was
coafigured to include features that would bo driven by this working side.

Three windows were designed into the roof of the glovebox directly over the
working side. Fluorescent light fixturos were placed over these windows to provide
the necessary lighting in the glovehox. The roof also incorporated 22 penetrations
with external K flanges to sorve as gas and electrical interfaces between the
glovebox, loader system, and support systems. These penctrations were located
towards the “non-working™ side of the glovcbox in order to keep any gas and
electrical lincs clear of the working arca. Two electrical socket feedthroughs werc
also placed in the rof to provide power to equipment inside the glovebox.

Both a 15" and a 6™ pass-thru wore placed at the end of the glovebox closcst to
the warking eres o facilitate the casy transfer of components and tools from outside
the glovehox into the work area and vice versa. A window with two gloveports was
placed at the opposite end of the glovebox. Also located at the far end away from
the work arca were 12 penctrations containing hermetically-sealed clectrical cable
feedthroughs. These provide the electrical interface between the loader systom and
support systems inside the glovebox and their control systems located on the owtsido.

The (eatures of the glovebox inclnded 1/4-20 x 3/4™ threadod studs on a unifonnly
apaced grid (hat were welded 1o five of the six internal surfaces of the glovebox.
‘Iese provided the means for the mounting and fastening of various equipment
within the glovebax. Racks for cables and gas lines were mounted in the extended
rool section of the glovebox und located on the non-working side of the glovebox.
Penetrations were mnade in the glovebux fluur in the necessary locations with flanges
to provide the interfuces for the losdor system and shipping conttinens (sce Section
on Glovebox System Design).

Gloveport placement was standard on most of the Lexan windows except fur the
window adjucent to the work uren. Some windows incorporsted four ports to aid in
malutenance accessibitity. Tu the window adjecent to the wark area, an extended six
tont window without gloveports was ordered. The ports for this window were located
only after the Loader hiad beon installed and trial operations performed to find the
optimnm hand posidons. 15 wit Hypalon gloves were nsed to comblne both doxterlty
and tritlum safety. The gloves were ordered specially cleaned from the mannfictucer
(0 rentove surface particulates and prevent contumination within the glovelox,
Ambidextrous gloves were nused at all non-production specific glovepvts.

In order tu minhnize the it exprmnre to opemtony when resmsving
components from the glovebox, an exhaust hood was connected to the 15 pass-thea,
This hood incorporates a door/window with a glovepart for accessing the pass-thru
and a 6" diamoter exhaust port in its roof. Finally, the material solected fur the
glovebax was ataluless steel, Althongh vot optbnam Tir tritivin retention, staintess is
caslor ta clcan and inaintain than alminum.

‘Leanster of the Leader syatam into the glovehox consisted ol tiwe loflowing, The
Lacder and it's support cquipment were assombled awd operatod dn a portable clean
room, using deuterium in pince af tritium, prior to boing installed in the glovebox.

1o facilitate the transfor without compicte disassembly. the Loader was desipned in
two units: load chamber, pumps, piping and instnunontation were mounted on o palict
and the vaives and uranium beds were instalicd on a vertical pancl. Assombly in the
clean rooin was spatlally idewtical 10 that du the glovobox. Whon the truster wus



effected, rollors were added 10 the pallct and the assembly was rolled into the
glovebox from the apen ead. Tho cnd used for the transfer had the flanges rolled
outward to provide a maximum, smoath, opening and most feedthroughs were focated
in the ceiling to keep the floor as smooth as possible.

Glovebox Atmosphere Monitoring and Coutrol

As previously stated, contrul of oxygen and water vapor was identified as one of
the key factors in producing a high quality product. A commercially available Dri-
‘Train system (mfg. by Vacuum Atinospheres Inc.) offered cuntrol of these iwo
contaminants to ppb levels. ‘These units also incorporate a glovebox pressure control
unit as well as oxygen and moisture sensors needed [or moniloring the glovehox,

An additional system was needed that could monitor the glovebox tritium level
and purge the glovebox with nitrogen when needed.  This ked to the design of the Gas
Purge and Monitoring System (GPMS). The system circulates glovebox gas through a
sensing foop and back to the glovebox using & motal bellows pump. The sensing loop
Incorporates an fon Chamber for tritium detection, an oxygen sensor, and a moisture
sensor.

A purge loop was desigied into the GPMS that can purge the glovebox with
nitrogen and also provide an exhaust path to the fucility EMuent Treatment System.
A purge cau be initiated cither manually or astomastically through the use of a
Programinable .ogic Cuntraller, The systoin also incorporates a glovebox pressure
controfler fur when the Dri-Train is not being functioned.

Particulate Comtrol System

‘T'esting for the clean 7one was performed using an (BE unit inside a glovebox in
the following configurations:

1) Stand alone unit (no recirculation)
2) Ducting assisted recirculation
3) Ducting with additional blower assisted recirculation.

‘The targest clean zonc was obtained using ducting assisted recirculation. This
approach resulted in a design utilizing the (31 nait alang with 4 9 @, long 6™ diamcter
recirculation dact mmtiug the kengih of the glovebon.  1he sehicinatic of thiv salutian
in Figure 1 shows tue extent of the Class 10 zone.

FIQUARE 1
WORKING SIDE VIEW OF NTTL GI OVEBOX
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This duct mounts in the overhead tophat section of the glovebox so that it does
not interfere with gloves and equipmont and doos nrt block any glovebox windows. A
flexible duct connects the main duct to an adaptcr mounted on the rear of the (81
unit. The adapter incorporates a pre-filtor that is casily accessible for replacing. ‘The
IBF unit is mountod on a rolling sholf that, along with the flex duct, allows for
mobility of the unit inside the glovebox.

For the monitoring systcm, it was decided to use three particle sensors Inside the
glovebox--oae in front of the work zonv, one dowustream of the load chamter, and
one behind the IBF unit near the glovebox pass-thrus. The sensors chosen were Met
One Model R4700 Remote Airborne Particle Sensors. The choice of the sensor is
sensitive to moisture content becuase some particulate monitoring devices cannot
operate in dry environments. The R47€0's compact size (3.7" x 2.4” x 1.5™), two
size channels (0.5 and 5.0 micron), and low cost made the sensor an excellent choice
for vur glovebox. The velocity sensor chosen was a Sicrra Instrumoents Series 600
Accu-Flo that mounts from the glovebox ceiling at the face of the HEPA filter. The
layout of the sensors within the glovebox can be seen in Figure 2.

The monitoring system chosen was a Lighthouse Associates “Lighthouse
Monitoring, System” (LMS). This is a completoly automated system that works with
sensors from all major vendors. 1l utilizes an Engineering Control Station (ECS)
which is a finely tuned microcomputer that runs LMS software in Windows to
perform various configurations. These include displaying a glovebox map with sensor
locations and real-\ime conditions as well as displaying data charts, grophs, and tables
with real-time and historical data.

FIGURE 2
YOP VIEW OF NTTL GLOVEBOX
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The system utilizos a System lutertace it (S1U) which controls the data
collection {uterfaco (0 the sonsors,  1he S1U is focated in tho glovebox so only one
KS:232 cable s needed to run ontside the glovebox through an cloctrical (eedthrough
to the HCS. ‘The system's modular architceture makes it cusily expandabic for
additional gloveboxes and clean rooms.



Oil-frec Pumps With no Tritium Ilold-up

fon pumps were usod tor final pump-out of the load chambers at Pinelias because
of the desire to control contaminants with an oil-free system. Since the Pinellas
plant went into production, other pump types have heen doveloped. notably
magnctic-hearing turbomolecular pumps that ave completely dry and simple 10
opcrato. The turbomolecular pump salisfied the desired glovehox design panunciers
hecause it was sinall, lightweight, easy to operate, clean, and does not hold-up tritium.

Glovebox Temperature Control

As stated previotsly, a high temperature glovebox may cause greater skin
absorption of tritium duc to perspiration on hands and armas and increases the
likelihood of operator error. A measured and cstimated heat load within the glovebax
was first obtained in onder to size the cooling needed. The glovebox, with major heat
producing components operating, was allowed to equilibrute for several days. At the
end of the period, the average box atmosphere temperature was mensured to be 90°F.
With the temperature difference between the box atmosphere and the room known,
the total heat load within the glovebox was calculated to bo 625 watts. Next, the
manulacturer’s rating or the actual current draw of the component was used to
estimate the heat generation of the major components. This total was 475 warty; the
difference between the measured and calculated hent load was 150 watts and this
amount was attributed to all other sources within the box. The goal for removail from
the box to achicve room temperature (70°F) became 625 watrs.

Scveral steps were taken to achieve this 625 watt reduction. First, a voughing
pump generating 275 watts was removed from the glovebox; this was possiblc because
only trace amounts of tritium were pumped. Second, a turbomolecular pump that
generated 75 watts was water-cooled directly thus climinating that heat Ld. Finally.
two fan-forced tube fin heat exchangers manutactured by Thermatron Engincering,
In¢. wero installed in the glovebox. liach heat cxchanger measures about 6"x 67a3"
and, whea supplicd with cool:d water at 40°F, is capable of 300 watts ot couling. ‘The
heat exchangers are located “o not interfere with the particle free zone. One heat
exchanger ix pasitioned to ¢l the 111PA filter roturn gas as it enters the return duct:
the second is positioned bet veen the vaive bulkhead and the glovebox end opposite
the specimen handling zone. The second heat exchanger pulls warm nitrogen from
the ceiling of the glovehox and directs the cooled gas downward. The net resnlt of
the above changes was a cooling surplus of 325 watts which was sufficient to bring the
glosebox down about 10°F helow room temperature. Chilled water for the heat
exchangen s from a remotely located 2.4 kW chitler. Coaled water is braught 10 o
distribution panel ncar the glovebox where it is apportioned {0 the ieat exchangers,
turbopump und dry-train.  Figure 3 shows the tay out of this ptan.
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indial Heot Load = 625 W

-275 W for removal of rough pump

T3 W for direct cooling of Rubopurmnp (TP)

-500 W removed by heat exchangers (HE) Coolant
=125 W caoling to reduce tomp 10 F betow room temp 40 ¢

Maintenance and Accessibility

Several items in the locder glovebox were assuined to require periodic attention
and woro located for casy inspection and replacement. Over 20 mectal scaied
pneumatic bellows valves are used to support the loader process. ‘These valves alt
utilizc solenoid valvos and arc actuated from a control pancl located outside the
glovchox. This holps minimize “hands in the box™ time for operators. Most of
these valves and sll solenoid vatves are placed on a vertical panol paeallel w the end
closurc opposite the specimen handling zone. The end closure is a window and is
fitted with gloves which are within casy reach of all valves,

The loader chumber is ulso ensily sccessed by gloves and feutures a two balt chain
clamp fur easy opening and closing of the eight inch Mange. The chsin clamp is
supported by a special fixture that careles the clamp weight and ceuters the clap
monnd the Manpe. When the clamp is clear of the Mange, the chiamber is opened by
towering the flange that supports the target fisture and hester: This lowcering wwd
raising of the kweler lower flange is cllectad by & screw juch extorund (o the glovehos,



1
3
g

—Ce
/’ U=

——

nIral Ze>
Vi t'.l Pole

FIG.RZ 4
MAINTENANCE AND ATCESSIEILITY

!

[__vmve EoSy-_ ~ Ceillng-Suspended
Accaess Peorel Cabie and Tude
’ rRout! ng

F" -

:

! r~ Loode~

P ———— e @ e

v
i 4 i
Lo
1 !
e
tcrccnents

Afrnngeo feor
fesy cke-Cut

~ Loaalng Dack for
Target Trensfer

1,
\% ' | /Zi. Exterrci Screwm Jack
N - — for [Crer.ng .catier



The seal between the glovebox and the screw jack is a metat fetlows which scals the
glovcbox yet allows the lower flange 12 inches of vertical travel.

All utilities supporting the glovebox are imounted on u single “utitity irce” at one
comer of the glovebox and arv routed trom there to uppropriate penetrations in the
floor and ceiling of the box. A special passhox was placed in the floor of the box
near the loader and sized for the target carrving fixture. This permils target transfer
to and from the loader chamber without exposure 10 room air. The ouler target
transfer container mounts to a flange at this passbux and is not subject 10 external
tritium contamination. Major overhaul of loader components will be performed in an
adjacent fume hood afler the component has been exchanged for a spare, A

schewatic of the general layout related to maintenance and accessitility can be found
in Figure 4.

CONCLLUSIONS

Transferring Neutron Tube Target Loading operaticns to LANL resulted in
superior tritium loading of targets. Instead of using a fume hood during loed- in/lond-
out operations, all of the operations invoiving tritium were enclosed in a glovebox.
The glovebox minimized worker and environmental tritium exposure and iis design
allowed for the efficient operation of the loader system and progessing of targets.

The environment that the glovebox ofiered for (vading was one with oxygen and
moisturc controlled to ppb Ievels by a dry-train. The combination of a very clean
glovebox atmosphere plus passivated vacuum hardware ofltered the possibility of
refining the loading parameters (0 improve the product; this eventually proved
correct. Maintzining this ainosphere also precluded the need for vacuum baking the
toader vacuum components after each transfer which, iself, might adversely affect
the targets.

Particulates were controlled to a Ciass 10 level in the work zone with a horizomal
flow HEPA Integrated Biower Filter and recirculation system. A uscr-friendly
modular monitoring system was also incorporated in (e glovebax to monitor fur
airborne pardiculate and velocity.

A state of she art wrbomolecular pump was used i the glovelsoex instesd of v ion
pump previously used at Pincllas such thal pump inventurics of uitivm were radiced
substantially. tn addition, space was optimized Uy wsing the tuthoputip because it wis
smaller than the wn pump.

A inal parameter controlled in the glovebox was its temperatice.  Armangemeit
of components required for loading ani the use of heat exchangers led to a decrease in
temperature inside the glovebox from 90°F to 10°F below rooin temperature.

T combination of these technologies a3 a state of thie art npgrnle lor a reduced
volume production of weapons componenty resulted in wi improved @witinm toading
scenariv, Salety of the process, state af the working envirommem, nad ¢ -ality ol the
product were ull enhiunced.
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