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PERFORMANCE AND TMPROVIEXIINTS OF THE TRITIUM HANDLING FACILITY
AT THE LOS ALAMOS SCIENTTFIC LABORATORY

J. E. Nasisr

Univere ity of California
Loa Alamcs Scient!fle Laboratory
Los Alimcs, New Mexico 87545

AlL.STRACT

A major probl .. facing todays nuclear energy
industry is the ‘-eleane i 1radicactive wante
p-oducts to the atisphere. The DP-East Tritiun
Handlinp Facility 1t the Los Alamos Scientific
laboratory (LASL), activated becember 5, 1974 has
processed 3.8 » 10° curi of tritium with a
total ktack releasse of 704.5 curies as of
Docember 12, 1974, Thia averages ounly 11.7
Ci/month which to our knovledge 1s the lowest
stack rrleasc any major tritium facility has
achieved The facility includes an 11.5
w? dry box with asuociated gas purification
ayrtem (GPS) aud an efflusnt trcatment system
(E13). The aystem p:rformance, problems, and
imp:-ovements Aare discursed wvith apecial emphania
given to the ETS, the new diy box waste disposal
aystem, and  the new nutomated lopgic  control
syatem, all of which contribute sipnificantly to
the low level tritium release at this facility,

INTRODUCTION

The DP-Eaat Tritium Handling Facility was
activated December 3, 1974, to support the LASL
weapons  progcam. The facility haas procrsgacd
3.8 x 10® curies of tritlum with a total stnck
relcase of 704.5 curies as of Deccaber 3, 1979,
This averages 11.7 Ci/month, which to our
knowledge is the lowest stack releanc any major
tritiun facility has achieved.

The facility dincludes an 11.5 m) dry box
with associated gas purification wystems (GPS)
and au  effluent treatment aystom (EIS). All
effluerts generated from the facllity, except the
room air, are proceased through the E1S prior to
release tu the atmonphare.

Thr improvemrnta, problema, and performanee
of thi: tacility me diacussed with apecial
emphaiin glven to the ETS, dry box waate disponsal
system, and the automated logie control wyatem.
A brief dewmcription of the components will be
given, but ft will be asmuwned that the reader han
& prior understanding of the system (Ref. 1).
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COMPONENT PERFORMANCE

A. Dry Box

The main tritium facility at DP-East connists
of a large dry box system connested to a pag
purification aystem (GPS; for maintaining an
inert atmosphere, The dry box is 11.5 m- in
volume and the GPS has a 5.7 m3/min
capacity. Thus, every two minutes there js a
complete turnover of diy box gas. Doth the diy
bor and the GPS are interfaced with an effluent
treatmeat syatem (FTS) desirned to remove tritjum
from a:l efflurnts prior to relrase of these
effluen:s to the enviroamen:.

The dry box ia deaigned for handling highly
reactiv: metal tritides, in particular Li(D,7)
oalt. The dry box is maintained at a alight)y
positive pressure of 1/2 inch of il30 hy two
photohe ic gauges, onc on the GPS and the other
on the nitrc ,en removal system.  The photohelie
gnuges control the addition of fresh helium and
the removal of excens dry box gas to the ETS, An
oil bubbler {s provided to procect the dry lhox
from large pressurc differnntials in the event
the photohelic Amystem fails, The  bubbler
connists of a metal U-tube filled with 0i] to the
correct level that will release when the dry box
internal pressure cxceeds +10 inches of 150.
Thin simple device protectw the dry box gloven
and  windows from failure duec to oxceasive
presaure.  The only drawback is that ths bubbler
ia vented into a fume hood whbere the exhauat from
the hood gocen directly to the atmosphere via the
atack. This will be corrected in the near future.

Fifty-aix Hypalon (Chloro)=Su) fonnted
Polyethylene) gloves are uaed o rhe tritium dry
oox and nont has needed to be changed from high
atress deterioration. Thia type of deterioration
in fiom orzone atlack and §n commounly Aeen on
neoprene gloves. When the gloven are nat in uae,
plastic covers with vacuum Littinga are inacrted
in  the  glove  port openingn to reduce  the
permeation of water and  oxygen through the
Rloven. The dry box is kept at aurh a Jow level
of mojature (A 0,5 ppm) that one gram of water a
day may peurmeate through an uncoveyed plove.

1. DT _Gan Nandling Syatem: A tritium pan
handting “ayntem To" focated Tunide the dry boy
(Fig. 1), The ayatem wan deaigned for three pain
purposent 1) to prepare LI(D,1) compoundu, ?) 1o



carry out work cn tritiated chemical systems, end
3) to prepare and fill laser targets for fucion
exper iments.

Fig. 1. Tritium gar handling system inside dry
box

The manifold system is cons:ructed primarily
of 304 85 components, joined by welding where
possible, and wutilizing 316 8§ Hoke Valves wilh
Teflon seats (Ref. 2). The valve scais have seen
continuous tritium servicr. Only one has
developed 2 measureable lcal acrosa its scat thus
far. It has not been determined {f the lrak was
caused by tritium reacting uith Teflon and
forming HF,.As acme believe happens with extended
contact betwoen Teflon and tritium, or mechanical
failure (Ref. 3). Where weld joiuts are not
possible or practical the parts arc Joined using
Sajon compression couplings with nizkel-grsketed
sealn, Nicke! ~apkets are used {nntead of
alwainum on- + becaus. they do not creep as [fast
as the aluminum gaokits, offering A longer
sealing time.

The inictial 30-1liter wuranium bed han been
replaced by & larger 73-liter capacity bed for
storage and purification of tritium. The Initial
25¢  capacity meral rritide reelstance-healed
synthesis reactor vas replaced by a 300g capacity
reactor (Pig. 1) that is inductively heated by a
SKd=RF  geucrstor. The wsystem han  performed
ressonnbly wall  with the exception of the
double-vane-trannfer pump, also us:d as a vacuun
punp to evacate connerting apparatun. The
punping premsure diffeventinl of the vane pump {n
typically 350 wmillitorr to 76J turr.  Poroun
stainless stel met 1 filters had to be funtalled
on the pu p'a intake and exhaunt lives to prevent
partlculates from entering the vump and reducing
ita effictency, The main pltfall with thene
types of pumps {s that they requive a low vapm
ptensury lubricant xauintant to radiation
damage. The ol uaed at thin Lecidaty Ie ethmy
4-ving polyphienyl 110 made by the  Movaanto
Reacarch Corp.

2. Waste Disporal Systewm. Prior to 1977,
tritium contaminated dry box waste had to be
removed from the dry box through one of the three
pass boxes located in fume hoods. The exhaust
from thcse hoods goes directly to the stack due
to the limited capacity of the ETS of only 7
liters/sec. Therefore, removing tritium
contaminated waste through any pass box always
resulted in the relcase of tritium to the
atmosphcre ranging from |} to 3 curies and was a
potential hazard to the personnel involved. The
dry box trash was packaged in containers within
the dry box. Personnel  wecaring protective
clothing would remove the packaged trash and
placed it into & 30-gal. drum, which was in turn
placed into an asphalt-lincd 55-gal. drum, An
absorbent (vermi ulite) war  poured into the
interatices of the asphalt-lined 55-gal. drum,
the drum wae scaled, and cthe unit was taken to
the burial site (Fig. 2).

HYgal BURIAL
. -7 CONTAINLR
CVERMICULITE

30gal PRIMARY

‘ k " CONTAINER

.o  ASPHALT
LINED DRUM

Fig. 2. Past and prewent burial container

The radiation transfer  hazard, dry box
packaging storage problewma, and the agall volume
of tranh after packaging that could be placed
into the 30-ga). primary traah container, were
the rearons why a wiante dipponal  mystem  wan
deafigned and fabricated for this facility., The
requitements of the ayatem incladed:s 1) Sealing
the privacy eontainer to the diry bax flowr, 7)
Kemoving the air within the primary container by
evacnation and veplacing it with inert gaa, 3)
Bealing the primary coptainer ounce it in filled
within the dry boxy, and 4) Removing the contajnem
without  the 1elease of tritsum  contamination.
The  problem was  woJved by utilirine A vacoum
clopet  capable of evacaating both the  primayvy
containe:  (PC) and the mpace between the Hd of
the ¢ and the iy box (Fip. Vo The 30 pad,
dramn were modified by welding o nteed  flange



near the top of the opnruing providing an
O-ring sealing surface for an aluminwn 1id that
is then bolted to the flange from within the dry
box when the PC is full and ready for burial.
The lip of the drum is scaled with a neopreic
gasket by the force of the screvw jack, The PC is
now evacvated and backfilled with helium by the
ports shown in Fig. 4. The door connecting the
PC and the wury box ia now opened, the
contaminated waste loaded, the 1id scaled, the
door cloeed, and the space between the PC and the
door evacuated and backfilled with helium. The
PC is nov ready for removal, the closet door is
opened and the drum is removed by lowering the
screw jack.
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Fig. 3. Wnaste disponal aystem under dry box

The new systew aeliminates the problems
encountered during the waste packaging operation
fn the past, namely the veleane of tritium gas
into the atmosphere, the high riek of personnal
exposure, and the decontaminacion and hendling
prodlems during the tranafnr operations. The
waste disposal system permits the trash to he
buried ic an inert atmosphere eliminating air aud
molsture thst may eventually react with any metal
tritides in the burial coutainer. Thia reaction
(LiT + ¥30 —— LIOH + HT) could {ncrennse the
tricium gan preserure within the burial containee
fncreaning the likelihood of a futvre releane of
teitive contamination alter burial.

B. Gap Purification Syatem (Gr's)

Th GP3 vonsintn of wix drylug towers each
containing 2.3 Kg of 3A molecular sivve for watey
removal and 3.6 Xg of Dow Q-1 f{ur oxypen removal
(finely divided coppar on an alumina nubntrate).

The copper reacts with oxygen forming copper
oxide, reducing the oxygen concentration in the
dry box gas. The molecular sieve removes w.ter
from the gas, giving an inert helium atmosphore.
The towers will, wunder normal conditions,
maintain the dry box water Jlevel below 5 ppm.
The gas from Lhe dry box is circulared through
the GPS by two 2.8 m3/min, Cyclonaire CH-G
blowers operating in parallel. The blowers arc
enclosed in o scaled stainless stcel box which
isolate them from the voom air.
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Fig. 4. Schematic of waste disposnl mystem

The two blovers ran continuously for 2.0
ye&rs in the dry box atmosphere before they
developed bearing  problewms from the dry
atnospherec.  The blower bux, designed ta be
removed as n unit, was replaced in lesa than 2
days. Due o the shutdown (he Ary box tritium
activity, oxygen, and watcr Jeve'a rose to 11.8
Ci/n.3, 400 ppm, and 20 ppm, reapecrively, A
vacuum lince had to be added in order Lo cvacuate
the tritium from the ald blawer bow and the aiv
trom the new ones

The towers are vegenceraied i pairs on the
average of twice a year by heating “hem to 570 K
and then passlng 200 Jitera of a 940 Av = (X My
gas mixture through ecach pair (o rveduce the
copper oxide, fcllowed hy a 220 liter helinm

purpge to JArive the water into a comme- 30-yal,
co)lection container, The  purped After
Teaviag the collevtion container enter  the ETS

where it ia scrubded Jor tritium prior t rolense
to the environment. The averuge amount of water
collected from all uix towerk aftor vegencratjon
hamn been 5.% litevn.

The OGP containe & heated titanfum bed for
remving nitrogeo from the dry box gas.  The hed
hax o aepavate 16 litera/eee bBlower that pull: a
frag atrcan off the wain civeulation  rystem,



This bed can getter tritium, if operated at 780
K, or nitrogen when operated at 1100 K. The bed
is continuously kept at 1100 K to remove nitrogen
but, at this temperature, it will also remove
oxygen. The original nitrogen removal saystem
failed after three years of continuous use and
was replaced by newer Stainless Equipment model
GPU-20X Inert Gas Purifier. Once the titanijum is
saturated the bed must be replaced, as the
titanium nitride-oxide cannot be rcgenerated.

C. Effluent Treatment System (ETS)

The ETS removes tritium by the catalytic
reaction of hydrogen isotopes with oxygen,
forming water whick is then absorbed on a drying
tower (Fig. 5). The ETS effectively reduces
tritium levels in the process stream to one ppm.
The capacity of the ETS is 15 ft3/min, but the
ETS is designed to operate intermivrently
deperding on the effluent load. The gas from the
ETS is duuwped into the hood exhaust system where
a flow of 17,000 ft3/min reduces the tritium
concentration to 1 part in 107.

Fig. 5. High preanrure half of ETS mhowing 30-gal.
HTO collection drun

All  componenta, except the low pressure
receiver, are redundant. One is in usr and an
fdentfcal component is on-linr in the cvent of a
compunent failure or during peviods of scheduled
maintouance. Virtually every camponent of  the
ETS can be imolated by valvea, and evacuated and
hack  fited  with  holiwn, This  reduee o the
probability of exposing persoanel to high tritium
level pases duriung maintenance of the ETS.  All
effluents produced by vacunm  rystems within the
tritium facility and all purge pgascn used for
repencration of drying towers arce proceancd by
the KTV .

Al effluents produced by  vacuum  nystoems
firat pann thicuph a seriecn of miet eliminators,
Thewe ate baffled traps denipned to condenne oil
mint Trom the vacwon pumpa,  After pamting the

gas through the mist eliminators the effluents
pass through an actjvated charcorl trap to reduce
the organice to a minimum. The mist eliminatores
and the two charcral traps can be valved off and
replaced, but this has not been necessary yet.

Precgutions to eliminate hydrocarbons must be
taken to avoid certain substances which will
pemanently poison the ecatalyst within the
recombiner. These substances are acids,
chlorides, sulfur compounds, oil, vapora of some
organic solvents, and base mctalas (Ref. 4).

From the charcoal trap the gas is dumped into
a low-pressure receiver (LPR), a large 1.9 mwd
storage and ballast tank. The pressure within
the LPR is sensed by mercoid switches. At o
pressure of 7 paia the mercoid ewitch activates
the Corken Model D390 reciprocating compressor
which pulls gas from the LPR through the ETS
until the pressure reaches 7 psia and the
compressor iE deactivated, This requires
approximately 5 minulcs operating time. The LPR
is equipped with a pressure relief valve 8o if
pressure starts to build in the LPR at a rate
faster than the cowmp.essor can handle, the
pregeure relief valve will open at 13.5 psia
venting the gas directly into the atack and
preventing non-processcd gas  from entering the
room. The Ty concentralion of the gas in the
LPR dcpenda r. the operatiens performed  that
day. Concentrations vary frea a fraction of a
Ci/wd Lo severa) thousand Gi/m3,

From the LPR the process gas enters the
recombiner where the pas temperature is increased
to $00°F by a pas-to-gan heat exchanger and an
electriec preheater. The hydrogen isotopes and
hydrocarbons are catalytically converted to water
vapor and carbon dioxide by reacting with exygen,
and arce  then cooled by an gas-to-water heat
exchanger to 70°. If only hydrogen ismotapes
are to oc converted to water vapor an  the
catalytic reactor the gpan  preheater way  be
operated at temperaturca as low an 3509F. To
be mure thal all tritiated hydrocarbons are
convected to carbon dioxide the gas preheater r
maititained at a temperature of 9009,

Following the  vecombiner, the gan is
preasurized by the Corken compreasor (o 30 peig
fn  the om-line hipihv pressure vecejver (HPR).
This pressure in  controlled Dby down astrvam
Fairchild=Niller back preasmee repolating valves
sct at 30 poig. The epare WPR irn always kept ot
A vacuum in catve more storape volume in necded.
Theae taoks can ntose gas At A presnure of 120
prips Pressore velief valvea aco o both th ik
tankes and the compresnor, cach of which vent back
o the LPR if the down stream back-preanaure
regulating valven fail,

From the NPR the gan flows through one of twa
13X molecular adeve filled towers,  The other

atandby tower han been regonesated by heating  to
0OF  and  purpging with heliva gas,  When  one
tewrt du brovght on-line the other tower . taita
yegencrating amtomatically if the contiola are in
the autowatic moded  The tower can he regenerated



at a more convenient time by placing the controls
in cthe manual mode. The gas, after puassing
through the 13X ctower, ic monitored for water
content and tritium concentration. If lowv water
and low tritium concentrations exists the gas is
stacked, which is usually the case. High water
concentrations >50 ppm  result in  stack
discharges of 1 MPC  of tritium (5 yCi/md).
Before this concentration of tritium is reached,
the gan is automatically routed through a similar
set of tovers filled_with 4A molecular sieve to
further reduce the tritiated water content prior
to release to the stack. If thia fails, the ETS
automatically goes into the recycle mode, Ia
this wode the gas is continucusly processed
through the ETS in a closed loop until a p-eset
activity level has been reached. The activity
levels indicated by both the 13X and 4A ion
chambers me fed into the logic control and
warning system which determines at what activity
level the gas is stacked.

1. Lopic control and warning aystem. The
main components of the system is a Fanametrics
Model 2000 6 <channel  moisturc analyzer, r
Teledyne Model 326A oxygen analyzer, and a
4-channel tritium activity recording and logic
control system (Fig. 6). The moiature analyzer
measures the water 1level in the 13X process
atrcam undsr normal ETS running conditions, but
can be switclhied to weasure the moisture content
in the LPR, both HPRs, 4A proccses stream, and the
regeneration gas from the GPS. 1f the analyzer
scises a moisture content >50 ppm exiting from
the 13X drying tower and a concentration >0.30
Ci/m} from the 13X ion chamber, the effluent
gAf stream will be routed through the 4A drying
tower., On exiting the 4A tower, the tritium
concentration is measured again if it 1is <0.30
Ci/m3, the gns is stacked. If it is still high
the gas ie returned to the LPR for further
proccasing.

Pig. 6. Logic cortrol and warning nyatem

At this facility a gas swamping technique is
used to improve the effectiveness of the ETS.
Prior to 1978, 94X Ar - 6% H; gas was manually
introduced into the LPR if tritium levels in the
ETS were expected to be high, By increasing the
hydrogen concentration before the effluent gas
enters the recombiner more tritium in the process
stream can be converted to water. To further
reduce the tritium concentration in the FETS a
metal bellows pump was manually activated that
continuously pulled gas from the LPR through the
recombiner and back into the 1PR. This provided
a tetter cleanup factor than can he achieved with
a single pass through the recombiner.

At the present these operations arc done
automatically by the tritium activity logic
control system. When the activity in the 13X ion
chamber reaches 0.12 Ci/mJ, 94X Ar - 6% Hy in
introduced from & 200 ft3 capacity lhigh
pressure tank to raise the jnternal pressurc in
the low pressure half of the ETS by two inches of
Hg, adding ~6 liters of hydrogen to the 7 w3
volune, Also, the mctal bellows pump is
autom>tically activated at this activity level.
If the tritium concentration recaches 0.30 Ci/m?
the ETS is put into the recycle mode and waraning
lights arc activated on the console and in the
outside hallway. The warning Jlight lets the
operator know that a high rtritium charge was
admitted to the ETS. Once a wamining light gres
on, it can only be turned off by a reeet bulton.
1f the ETS activity continucs to ris. te 0.54
Ci/m3, indicating tritium ir bheing added to the
ETS fasmter than it can procens it, an emergency
alarm will sound. When the tritium concentration
falls Lelow 0.54 Ci/r.n3 Lthe audio alarm will
ceane, buc the ETS will remain in recycle unti)
activity drop. to 0.18 Ci/m}., Once the ETS ia
in recycle, the tritium activity drops rvapidly.
Typicolly, it taken 15 minutea for the activity
tos go from 0.60 Ci/m3 te 0.18 Ci/m3. From
this level the metal bellown pump continues fto
process the gas unti) 0.)0C ci/m3 has  been
reached.

D- Sgpclunign

In the firat year of operation of (his
facility, the total nmtack reclease was 341.6
curien, this comparea to 69.7 curjes in 1979.
These low stack releaves rvesult from a well
designed ETS and the improvements wade to it and
tr  the faciliity. The two main contribnting
factors arc the dry box waste diapasnal ayatem and
the new ETS logic control aysten.

Factors retlecting low room activity averagea
of 1.6x10°7  nCi/ml and floor Aawipea of A 500
dpn-100 ew? can be attributed to the following
techniquen  (which  should  be  yequived at  all
future  tritium handling facilitier) uaed at

DP-Enett 1) All vacuum pumps that are tritjum
contaminated d exhauwt  to  aub-atmoapheric
praasure v wevent contamination from entering
the voom through faulty vacuum punp seala.  2)
Vacuum pump il and other tritium contaminated

liquid wanter should be removed by evacuatjon fnto
ahporbent- filled containera to prevent persoaneld



exposure. Tritium saturation levels in vacuum
pump oil can be as high as 30 Ci/liter. 3) Glove
ports should be covered when not in use to
prevent tritium from permeating through the
gloves and into the room. Also, these covers
should permit the gloves to be evacuated prior to
use.

All tritiated liquid waste from the ETS and
GPS is collected in a common 30-gal. collection
drum; the same drum design used for the waste
disposal system &nd for all tritiated organic
liquids. At the present, the drum is filled with
vermiculite to absorb the water, but this
macerial will be changed to S5A molecular sieve in
the furure to retain more water within the drum.
A total of 61.23 Kg of water has been collected
and buried with an average tritium concentration
of 622 «ci/liter. The collection drum is
suspended by & lcad cell where the weight and
rate of water uptake can be easily recorded.

One major weakness present tritium effluent
treatment asystems hav2 in common is the lack of
good methods to determine tritium levels within
the components of the system and in the final
tritium waste collection container for inventory
reasons. Duc to the size of most waste
containers, calorimetry would be awkward but not
impossible for the final collection conlainer.
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