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PFRFORMANC): AND TMPROVIMENTS O1' THE TRITIUM HANDLING FACILITY
AT THE LOS ALAMOS SCIENTTFIC 1.ABORATORY

J. E. Nasisr

Univere ity ol California
Loa Alamcs Scient!fic Laboratory
lios Ali:mcs, New Mexico B7545

ALSTRACT

A major probl .. facing todays nuclear energy
industry is the ‘eleane o radicactive waate
products to the aticaphere. The DP-East Tritiun
Handliny Facility 1t the Los Alamos Scientifir
lsboratary (LASL), activatcd becember 5, 1974 has
nrocessed 3.8 a 10° quri of tritium with o
total kruck relearse of 704.5 curies as  of
Docember 12, 1979, Thia averages ouly 11,7
Ci/month which to our knoviedge is the lowest
stuck rrleasc any major tritium facility has
schieved The facility includes an 11.5
o dry box with ssuociated gas purification
ayitem (GPS) aend an efflusnt trcatment ayatem
(E13). The system p:cformance, probiemn, and
imp:-ovements 8re discursed with special emphanin
diven to the ETS, the new diy box waste disposal
dystem, and the new  nutomated lopgic  contriol
syatem, 811 of which ceuntribute micunificantly to
the low level tritiium release at this facility.

INTRODUCTION

The DP-Eaat Tritium Handling Facility was
activated December 3, 1974, to aupport the LASL
wasponn  progcram. The facility has procesned
3.8 x 10% curiea of tritium with n total etack
relcase of 704.5 curies as of DPecrmher 3, 1979,
Thia averages 11.7 Ci/month, which to our
knowledge iv the lowest etack relenne any major
tritiun facility has achieved.

The facility includes an 11.5 m3 dry box
with ssnoczisted gas purificstion aystems (GPS)
and an effluent treatment aystem (FIS). All
effluertn grnerated from the facility, except the
room air, src proceasel through the EKS priar ta
release tu the atmonphare.

The {mpruvementa, prohlems, avd erfermance
of thy: tacility me discussed with apecial
emplint:in given to the ETS, dry box waste dispunal
ayatem, aml the automarced logic contrul ayntem.
A brivl deancription of the components will lie
given, but it will be anmuwned that the readrr Lan
a prior unilerstanding of the syatem (Ref. )).

Work performed under thr anapices af the U.K.
Department of Energy.

COMPONENT PERFORMANCE

A. Dry Box

The main tritium facility at DP-East connists
of a large dry bax saysiem connecsted to a pas
purification system (GPS; for maintaining an
inert atmospherc., Thee dry lbox is 11.5 m’ in
volum: and the GPS has a 5.7 m3/min
capacity. Thus, every two minutes there is a
complete turnover of diy box gas. Doth the diy
bor aud the GPS arc interfaced with an effluent
treatmeat ayatew (FETS) desirned to remove tritima
from a:l cfflurmis prior to relrase of these
effluen:s to the cuviraamen:.

The dry box is desipned for handling highly
reactiv: metal tritides, in partienlar 1i(h,7)
nalt. The dry box is maintained at a alightly
positive precasme ol 1/2 inch of il30 hy two
photohe ic gauges, onc un the GPS and the other
on the nitrc ,an removal system. The photohelic
gougen control the nddition of fresh heliun aml
the removal of excenn dry hox gas to the KETS. An
oil bubbler is provided ta pro.cct the dry hox
from large preasure differentials in the event
the photohelic aystem faila, The  bubbler
conniats of a metal N-tube filled with oil to the
correct level that will release when the dry hox
internal presaure cxveeds +10  inchea  of 1150,
Thin simple device protects the dry lix glaves
and  windows from failure duc to excemsive
preanure,  The only drawhack is that th: hwuhbler
ia vented in'o a fume hood where the exhanat from
the hood goces dircclly to the aimosphere via the
ateck. This will he corrected in the near foturw,

Fifly=aix Hypalon (Chlorol«=Sidfonnted
Polycthylens) gloves are uned ca the tritium dry
oox and nonc has needed to he chianged from high
atresn deterioration. Thia type of deterioratian
in fiom orzone sttack aml |n cammonly Aecen  on
neoprens glovea. When thn gloven are not in nse,
plantic covern with vacoim fittingn are jumertial
fu  the  pglove  port openingn to  redwee  the
permenl fon  of  wnter  and  oxygen  throngh  the
Bluven. The dry box {n kept at auch a low level
of moialure (A 0.5 ppn) that one gram vf water a
day may permeatr thrangh an uneaviped gluve.,

1. DT_Gan llandling iyatem. A ctritinn paw
haudiing “ayntem To  fovated Tunide the dry  bay
(Fig. 1), The ayatoem wan deaigned for tHiree wain
purpoacat 1) tn prepare LE(D,1) compaunda, ?) tp



carry out work cn tritiated chemical systems, end
3) to prepere and fill laser tacgets for fucion
exper imenta.

Fig. 1. Tritium gar handling syatem inside dry
box

The manifold asyatem is constructed primarily
of 304 85 components, joined hy weldivg where
possilile, and utilizing 3i6 85 lNoke Valvea with
Teflon seats (Ref. 2). The valvc scats have meen
continuous tritiu servicr. Only one has
developed a8 measurcable lcad acrose its scat thus
far. It kas not been detrrmined if the leak wae
censed by tritium reacting with Teflon and
forming HF,.As scme believe happens with extonded
contact betwoen Teflon and tritium, or mechanical
feilure (Ref. }). Where weld joints are nol
possible or practical the parts erc Joined using
Sajon compressinn couplings with nizkel-grsketid
sealn, Micke! rasketa sre used instcad of
sluminum on- + becaun. they do not crecp ad fast
sa the aelimirum gaokite, offering a longer
sealing time.

The dinftinl 30-1liter wuranium bed han  been
raplaced by &« larger 73-liter capacity bed for
storage and purification of tritium, The initial
252  cnpacity meral eritide regiatance-heated
synthesis reactor wvas replaced by a 300g capacity
raactor (Pig. 1) that is inductively heated by a
SKW-RF  geuerstor. The system has  perfoimed
ressonnbly  wall  with the ewception of the
double-vane-trannfer pump, alao us:d as e vacuumn
punp to avhcaste connerting appavatun, The
punping premsnre diffevential of the vaar pump in
typieally 50 wmilliterr to 769 tuwrr. Poroun
stainless ater] met 1 filters had to be juntallinl
on the po p'a intake and exhanst lines to privent
yarticulates fram entaring the mump Al veducing
it efficiency., The main pitfall with theuwe
typea of pumps is that thy require a law vapn
premauyy lubiirant rasfntant ta radial iun
damage. The ail upei at thin Lecddity fr ethm
4-ring polyphenyl 110 made by the  Navaania
Reacnatch Corp.,

2. Waste Disponal System. Prior to 1977,
tritium contaminated dry box waste had to be
removed from the dry box throngh one of the three
pnas boxes located in fume hoods. The exhaust
from thcse hoods goes directly to the stack duc
to the limited capacity of the ETS of only 7
litera/sec. Therefore, removing tritium
contaminated waste through any paas box always
resulted in the relcase of Ltritium to the
stmoaphere ranging from ] to 3 curies and was a
potential hezard to the personnel involved. The
dry box trash was packaged in containers within
the dry box. Pcrsonnel  wearing pratcctive
clothing would remove the Jackaged trash  and
placed it into a 30-gal. drum, which was in turn
placed into an asphalt-lincd 55-gal. drum. An
absorbent (vcrmi ulite) waw ponred into the
internticee of tic asphalt-lined 55-gal. drum,
the drum was acaled, and the wnit was taken to
the burial aite (Fig. 2).

H%gal BUIMAL
.~ CONTAINL R
CVERMICLTT

30gal PRIMARY
CONTAINUR

!

... ASPHALT
LINED DRUM

Fig. 2. Peat and prewent burial cantaincer

The radiation tranafer  hazarl, drvy lox
packaging wstuvrage problean, and 1he spall valume
of tranh after packaging 1hal conld be placed
fnta the -gal. primury 1vasb container, were
the reamana why a  wunte dinpoeal ayatem  waa
donigned mnd fabricated for thia facility., 'The
requitements of tle ayalem fneluded: 1) Sealing
the pedeiy comdtoiaer o dthe iy bosx flue,  7)
Kemoving the air within the jaimary contajuey  hy
evicnation aud veplaving i1 with inevl gpaa, 3)
Bealiug the primary container voer it dn filled
wilhin the alry hox, and 4) Gemaviog 1he rontaiver
withinte  the 1elease of 1iilsum  enntaminat ion.
The  prablem was  selved hy ulslirvinn a vacaum
cluprl  vapeldle of evacanting lboth the  pimmy
conlafver (PC) and the ppace bhetween The Tid of
the ™M and 1he dry box (Fipg. Do The 30 pal,
drama were nodified by welding oo owteel flange



near tln- top of the operuing providing an
O-ring sealing surface for an aluminin lid that
ia then bolted to the flapge from within the dry
box when the PC is full and ready for burial.
The lip of the drum is acaled with a neopreic
gasket by the force of the acrevw jack. The PC is
now evacuvated and backfilled with helium by the
ports shown in Fig. 4. The door connecting the
PC ond the ury box is now opened, the
contaminated waste loaded, the 1id sealcd, the
door closed, and the space between the PC and the
door evacusted and backfilled with helium. The
PC is nowv recady for removal, the closet door is
opened and the drum is removed by lowering the
screw jack.

Fig. 3. Wnste disponal aystom under dry box

The nev asystew eliminatea the problems
encounterad during the waste packaging opcration
in the past, namely the vraleane of tritium gae
into the atmoaphere, the high riek of pereonnul
exposure, and the decontsminaction and heudling
prodlems during the tranafr operations. The
weets dispossl aystem permits the trash to bhe
burisd ic sn inert atmosphere eliminating air and
moiature that may sventually resct with eny mctal
tritides in the burial contai{mer. Thia reaction
(LIT + ¥20 — LIOH + HT) could dncrenne the
tritium gan prearure within the burial containe:
increaning the likelihood of a falvre relepar of
tritiue contaminntion alter buriael.

B. Gap Puriffcatfon Syatem (GPS)

Th GP3 vonsiatn of six dryfug towera cach
containing 2.3 Kg of 35A molecnlay sivve for water
repoval aud 3.6 Xg of Dow Q-1 for nxygen removal
(finely dividel cappar on an alumiun anhnatrate).

The copper reacts with oxygen forming copper
oxide, reducing Lhe oxygen conccuntration in the
dry box gas. Th.- molecular sieve removes w.ter
from the gas, giving an inert helium stmosphure.
The towers will, under normal conditions,
maintain the dry box water level below 5 ppm.
The gas from the dry box is circulared throngh
the GPS by two 2.8 m3/min, Cyclonsire CH-0
blowera operating in parallel. The blowers arc
enclosed in n acaled atainless steel box which
isolate them (rom the voom air.
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Fig. 4. Schematic ai waste disposal mystem

The two blovers ran continaously for 2.5
ye&ra in the dry Dbox atmoaphere before 1hey
devueloped bearing  jprolidews from the dry
atnosphere. The blower box, designed to e
removed as n unit, waa replaced in less than 2
daye. Due o the shuldown 1l Iry lox tritiun
activity, oxygen, and wster leve's rose to 11,8
ci/n3, 400 ppm, aud 70 ppm, reapeccively, A
vaciium line had 1o be added sn order tu evacuate
the tritium from the old bluwer hox aud 1he aiv
from the new one.

The toweran arc repeurra:rd i pairs on phe
average of twicr a year hy healiny “hem to 570 K
and then pasaing 200 liters of a Y%% Av = (X 1y
gan mixture throngh ecach paiy 1¢  veduce 1he
copper oxide, fellawed ly a 220 liter heiiom
purpe to JArive the water iuto a cumme- 30-pal.
co)lection container, The puvped aftoer
lraviag the collevtime cenlainer vater 1 he KTH
whirre it im acrullied Tov tritium prior t - rilease
to the enviroumenl. The average amiunt of waiey
collecienl fram all uix towerk after regeneration
han been 5.2 litern,

The GI'" containa a heated titanfmn bed for
remaviong nitrogen fram the dry box pas.  The hed
han a mepavale 16 1iteva/oer blawer thal pull: a
drag ateeam off the wain circolation  rystem,



This bed c8n getter tritium, if operated at 780
K, or nitrogen when operated at 1100 K. The bed
ia continuously kept at 1100 K to remove nitrogen
but, at this temperature, it will alao remove
oxygen. The original nitrogen removal saystem
failed after three years of continuvous use and
was replaced by newer Stainless Equipment model
GPU-20X Inert Gaa Purifier. Once the titanium is
saturated the bed must be replaced, as the
titanium nitride-oxide cannot be regenerated.

€. Effluent Trestment System (ETS)

The ETS removes tritium by the catalytic
reaction of hydrogen isotopes with oxygen,
forming water which is then absorbed on a drying
tower (Fig. S5). The ETS effectively reduces
tritium levels i) tlie process stream to one ppm.
The capacity of the ETS is 15 £t3/min, but the
ETS im deasigned to operate intermivtently
deperding on the effluent load. The gas from the
ETS is duuped into the hood exhaust ayatem where
s flow of 17,000 ft3/min reduces the tritium
concentration to ] part in 107,

Fig. 5. High pressure half of ETS mhawing 30-gal.
HTO collection drun

All  componenta, except lhe Jow prepnure
receiver, are redudant.  One in in use and on
fdentical component is on-linr in the evenl of a
component failure or during peviads of acheduled
maintenance. Virtually every camponent of  the
ETS can be imolated by valves, and evacuated and
lask fiited  with  helin, Thin  rediee o the
probubility of expeaing pereoanel tn high triliam
level pasen during maintenance of the ETS.  All
effluents produced hy vacinm | ryatens within the
tritiwn facility and afl purge pancn nsed for
repenerulion of drying towers Aarc proceasc] by
the KT

Al efflunentn proneed by  vacnom  aysloms
firnt pann thomph a sericn of miet eliminators,
These ae baffled traps denipned to condense ail
mint from the vacmmn pampa. After pamting the

gas through the mist eliminators the effluents
pass through an activated charcorl trap to reduce
the organice to a minimm. The mist eliminators
and the two charcral traps can be vslved off and
replaced, but this has not been neceasary yet.

Precautions to eliminate hydrocarboas must be
taken to avoid certsin eubstances which will
pemanently poison the ecatalyst within the
recombiner. These substancea are acids,
chlerides, sulfur compounds, oil, vapors of some
organic solvents, and base wetals (Ref. 4).

From the charcoal trap the gas is dumped into
a low-pressurc receiver (LPR), a lsrge 1.9 wd
storage and ballast tank. The preasaaurc within
the LPR is sensed by mercoid switches. At a
preasure of 7 paia the mercoid switch activates
the Corken Model D390 treciprocating compressor
which pulls gas from the LPR through the ETS
until the pressure reaches 7 psia and the
compre asor i6 deactivar ., This requires
approximstely 5 minules operating time. The LPR
is equipped with a pressure relief valve 80 if
pressure starts to build in the LPR at s rate
faatexr than the coeumpressor can handle, the
preseure relief valve will open at 13.5 paia
venting the gas directly into the stack and
preventing non-processied pas from entering the
room. The T; concentration of the gas in the
LPR dcpeada e the operstienn performed that
day. Concentrations vary frca a fraction of a
Ci/m3 Lo several thoukand Ci/m3,

From the LPR the proceas pgas enters the
recombiner where the pas temperature is increased
to $00°F by u pas-to-gan heat exchangrr and an
electric preheater. The hydrogen isotopes and
hydrocarbons are catalytically converted to water
vapor and carbon dioxide by reacting with oxygen,
and are then caoled hy a  gas-tu-water heat
exchanger to 70°F. If only hydrogen inotnjncs
arc to oc couverted 1o water vapor in the
catalytic reactor the gpan  preheater  way  be
operated st tempersturca a8 low an 350°F.  To
be aure that all triliated hiydrocarhous are
converted to carbon dioxide the gns prehicater i
maintained at a temperature af 9007,

Folloving the vecomliner, the gar is
prensurized hy the Gorken compreasvre 1o 30 peig
fn the om-line lhipic prensnre receiver (IIR).
This premrurr  iu  controlled hy down astream
Faivehild-Niller back preasuer vepnlating valves
sct at 30 poig. T npave MR i+ always kept ot
A vacuum in ¢atr more Atorage valume in needred.
Theae tanks can nloce gaa at a pressare of 120
preine Fressore velief valrea ace g botle the s
tanks and the compreemio, vach ol whieh vent back
o the LM if  the down  atream back-presame
vegalating valven foil.

From ihe MR the gan flowa Throngh ome of two
13X wmoleenlar nivve filled towers,  The ather
atandby tower han been regowe:nted  hy heating  to
PO and quorging wilh helinm gan.  When one
tewtt 3n bragght pu=line the other towey L taia
Yegeir g mtoermatically iU vhe coutiela are in
the autwatic modey fhe tawer ean e vepencrated



at a more convenient time by placing the controls
in the manual mode. The gaa, after pusaing
through the 13X tower, i¢ monitored for water
content and tritium concentration. If low water
and low tritium concentrstions exists the gas ia
stacked, which is usually the case. High water
concentrations >50 ppm  result in atack
discharges of 1 MPC of tritium (5 pCi/m3)-
Before this concentration of tritium is reached,
the gas is automatically routed through a similar
aet of towers filled_ with 4A molecular wsieve to
further reduce the tritiated water content prior
to release to the stack. If thia fails, the ETS
automatically goes into the recycle mode, In
this wmode the gas is eontinucusly proceased
through the ETS in a closed loop until a p-eset
activity level has been rcached. The activity
levela indicated by borh the 13X and 4A ion
chambers ave fed into the logic control end
warning system which determines at what scrivity
level the gas is atacked. .

1. Lopic_control snd warning aystem. The
main components of tlie system is A Fanametrics
Model 2000 6& chsannel moisture analyzer, r
Teledyne Model 326A oxygen aunlyzer, and a
4-channel tritium activity recording and logic
control aystem (Fig. 6). The mointurc aunafyzer
messures the water level in the 13X process
atrcam undsr normal ETS running conditions, bnt
can be switched to weasure the moisture content
in the LPR, hoth HPRs, 4A proccaes atresm, 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
gns atream will be routed through the 4A drying
tower. On exiting the 4A (ower; the tritium
concentrstion is measured again if it 1is <0.30
Ci/m3, the gan ia stacked. If it is scill high
the gas ie returncd to the LPR for further
proccasing.

Pig. 6. Logir cortrvl nml warnfog syatem

At this facility a gas awamping technique is
used to improve the effectiveness of the FTS,
Prior to 1978, 94X Ar - 6% liy gas was manually
irtroduced 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 proceas
atream can be converted to water. To further
reduce the tritium concentiation in the ETS a
metal bellows punp was manually activated that
continuously pulled gas from the LPR through the
recombiner and back into the 1,PR. This provided
a tetter clesnup factor than can be achieved with
a single pasa through the recombiner.

At the present these operations arc done
sutomstically by the tritium activity logic
control system. When the activily in the 13X ion
chamber reaches 0.12 Ci/m3, 94% Ar - 6% Hy in
introduced from a 200 ft3 capacity high
presaure tank to raise the internal premsurc in
the low preasure half of the KETS by two inches of
Hg, adding A6 liters of hydrogen to the ? m3
volune, Alno, the mctal lellows pump is
autom:tically activated at 1his activity level.
If the tritium concentration reaches 0.30 Ci/m?
the ETS 1is put into the recycle mode and waraing
lights arc activated on the cousole snd in the
outside hallway. The waruning light lets the
operator know that a high tritium charge was
sdmitted to the ETS. Once a warning light gres
on, it can only be turned off by a reset buttau.
If the ETS activity continnes to rie. te 0.54
Ci/m?, indicating tritium ir leing added to the
ETS fanter than it can process it, an emergency
slarm will sound. When the tritiuom concentration
falls Lelow 0,54 Ci/rn3 the audio nalarm will
cenfe, bu¢ the ETS will remain in recycle until
activity drop. to 0.18 Ci/m}.  Once the ETS in
in recycle, the tritium sctivity drops rapidly.
Typicolly, it taken 15 minutea for the activity
ts go from 0.60 Ci/m3 t¢ 0.18 Ci/m3. From
this level the metal bellows pump continuca ta
proccsa the gmra until 0.1C Ci/m3 hae  heen
reached.

D. _(_:ggcluniin_

In the first year of operalion of 1his
facility, the total atack releane wan 341.6
curier, this comparen to 69.7 cutien in 1979,
These low asteck relecasea reault from a well
designed ETS and the improvementa wade 10 it and
tr the facility. The two main contributing
factorn arc the dry hox waste diapmaal ayatem and
the new ETS logic control aywsem.

Factors retlecting low room activity averagea
of 1.6x1077 pGi/ml and flaor awipsn of A 800

dpsn -100 cw? con be attrilnted 1o the fallowing
techniquen  {whicth  phunli' e  vequived at  all
futaure tritiom handling  foecilitfen) used al
DPP-Eant; 1) All vacuum jpummpa 1hinl are tritinm
contaminted v exhanwl  to  aub-atmoaphervic
preasure oo poevenl contamination from entering
the rvom through fanlty vucumn panp  scala. 2)
Vacuum o oil and uther trilium contaminated
liquid wanle swhuuld be removed by evacnatf e futn

absorbenl: filled cnntnimera tn prevent persvuneld



exposure. Tritium saturation levelsa :in vacuum
pump oil can be se high aas 30 Ci/liter. 3) Glove
ports ahould be covered when not in wuse to
prevent tritium from permeating through the
glovea end into the room. Also, these covers
ahould permit the gloves to be evacuated prior to
use,

All tritiseted liquid waste from the ETS and
GPS ia collected in a common 30-gal. collection
drum; the aame drum design uned for the waste
dispossl aystem and for sll tritisted organic
liquids. At the present, the drum ias filled with
vermiculite to abaorb the water, but this
macerisl will be changed to 5A molecular asieve in
the future to retein more wster within the drum.
A total of 61.23 Kg of water has been collected
and buried with an average tritium conceutration
of 622 Ci/liter. The «<ollection drum isa
suspanded by & lecad cell where the weiglht and
rate of water uptake can be eanily recorded.

One mnjor weakness present tritium effluent
treatment syatems hav: in common is the lack of
good methods to determine tritium levels within
the components of the aystem and in the final
tritiun waste collection container for inventory
reasuns. Due to the size of moat waste
contsiners, calorimetry would be awkward but not
impoesible for the final collection coutainer.
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