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A large glove=box facilivy ter handling react
wis decommissioned.  Ma
taminated and disas

metal tritides

jor sections of the glove how were decon-

semblod for vreuse ot another tvitiom facilit,

To achicve the desived results, decontaminat ion requirved repeated
washing, first with orginic liguids, then with water and detergoent s.
Worker protection was provided by simple ventilation, which was
combined v ith carcefol monitoring of the work aveas and cmplovees.
Several innovative techniques are deseribed,

[NTRODUCTTON
A major Lritium roscarch Tacility at Lawrence Livermore
Laboratery (LLL) was obsolete for current progroams and wie decom-
missioned,  This facility included:
: . . . . 4
® A nine~section glove box with a volume of aboutr 8 m .

® An enclosed 500-ton hydraulic press.
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This work was performed under the auspices of the U.S. Department
of Energy by Lawrence Livermore Laboratory under contract

No. W-7405-Eng-48.
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Fig. 1. Clove box for handling reactive metal rrirides in an incert
atmosphere.
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system included a Pd=cataival bed and a 120-hg boed or 50
sicve, with a blower, vaouam pumps, vipiag, and monitor
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increasing worsder cxposures as well as ol M luent releases to the
atmosphere.  This greatly influenced the decontamination processes
we used.

We krew that tritium-contaminated facilities at scveral labora-
tories, including ours, had been decommissioncd, bul we were unaware
of any reports on the procedures uscd or the amount of coffort needed
for specified goals., After making repairs on a similar glove box,
Folkers and Johnson™ reported decontamination of nearbyv areas with
methyl alcohol and trichloroethylene and an cffective use of loecal
ventllation for worker protection. Harris, Kokeng: and Marsh 2 and
Gilberr, Wright and Madding3 reported that procedures Tor decontam-
inating facilities for 238Pu and 2107, rvespovtivelvy, regoired ro-
peated washing with detergents to get the desired resa!

St s




e Doty wo bead v :L--;.-;l,[,

innovat jve techniqpues tor tritian decontamination while minimizing
worker cxposures amd aimospheric releases. This report describes
rhe methoads used and ooy resaitvs,

PLANNING

7,
" . L 4
fhe two key issnes fdentifioed were:

® To adopt standards tor residual tritiom contamination that
arc acceptable for sabseguent ase of recavercd cqaipment .

® To minimizce the radiation dose to workers and the public
during the operat ion,

Normal procedures for operation of our tritinm facilit: pro-
vided the basis for most of our planning.

A safety assessment® provided guidance for the entire operation,
vspecially Tor anusenl or high risk operations.  Keyv recommendat ions
inc luded:

& Usc of protective clathing while handling contaminated vqnip-
ment .

® Provision for adequatce ventilation (0,75 m/s) while working
on open contaminated cquipment.

& Monitoring of workers by taking daily bioassav samploes
during high bazard opcerations and at least weekly samples
At other times.

The principal tritium-cxpesure pathwavs were associated with
the initial breaking of tritium lines, decontamination efforts, and
the handling of rritium-contaminated vacnum=-pump oil.

Primary protcection for the workers consisted of maintaining
a positive flow of air away from personnel and the wearing of pro-
z tective clothing, that is, 5-mil polyvinyl chloride gloves and
cotton lab coats. While working in the glove box, 1.75-mil shoulder-
length polyethylene gloves were worn to prevent skin contact with
the rubber gloves on the box; these polyethylene gloves were replaced
four times per hour. The bioassay program recorded actual exposurcs.

The room containing the glove box was continuously monitored
for airborne tritium using two, Overhoff Beta—Tech*, 2~-litre,

*Reference to a company or product pame does not imply approval or
recommendation of the product by the University of California cr
the U. S§. Department of Energy to the exclusion of others that
may be suitable.
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Sl = UMD e RS died,  fan clianbhetrs. it average tritium concentoat ion
in the room was <10 u(ii/m3 throughout the decommissioning preject.
On tuo separale occasions, the tritium room concentration approached
350 uCi/m3. Nermal room ventilation reduced the level in about

10 min.

Maximum allovable surface contamination levels are shown in
Table Lo As we expevted to ship the glove-box sections to Sandia
Laboratory Livermore (SLLY for use in their tritiom facility,
special contamination bevels were adopted for this purpose.
Surface-vontaminalion levels werv assessed, using standard swiping
technigues and o Vigqoid scintillation unit Toeated in rhe s
huilding.

The mazimunm ort-=ite exposure from o postalated accidental
relvase of g of tritium as HTO was estimated® to he less than

30 mrem. This was anlikely to oceur since most of the tritium

here was bhound on the molecular=siove hed.

Table 1o Maximum Lovels of Tritiom Surface
Contaminat lon Allowed Tor Various Uses.

Maximum
[tem Allowable Level
(dis/s+rml)

Equipment for unrestricted usc, 1
including gencral publicd

Eauipment or furniture, usce limited to 2
offices within vur tritium facilitv?

Eruipment or furniture, usce limited ta 4 20
laboratorices within our tritium faciliey®

External surfaces of equipment to be sent 2
to SLL for use in their tritium facility

. b,c
Internal surfaces of equipment to be 2000
sent to SLL for use in their tritium
facility

&raken from Ref. 5.

bEach glove~box section also limited to total (ahsorbed
plus swipable) tritium of 1 x 1012 dis/s (n25 £1i).

CEnclosed during shipment; required continuovs venti-
lation except during shipment; required protective
clothing during work.




3

O

soth U and HTO vatgas continuously from contaminated surfaces,
even after decontamination.  All steps were planned to retain the
sas purilication svstem or to flow air continuously, so that unex—
pected concentrations of tritium would not build up in enclosed
spaces or piping.

A preliminary survey was made of the glove box, its contents,
and related cquipment.  We anticipated the hazard for various opera-
tions from the data in Table 20 For example, we know from expericnec
that surface contamination levels of <20 dis/s+cm? can he handled
in the open py wurkvrsyupprnprintv}y monitored, while levels up Lo
about 8 x 102 dis/«cem® can be safely handled with plastic or rubber
gloves inside a flush hood.  Vacuum-pump oil with at least 30 mCi/v
of tritium contamination and no water content can be handled with
plastic gloves and modest ventilation.  The hazard is scvere when
the oil alse contains water.,

Table 2. Tritium Contamination Levels in a Rescarch Glove-Box
Facitlity After fxposure of Glove Box to Solid Tritium
Compounds for Over 11 Years,

Measured
Ttem Contamination Level

2,
Molvcular-sicve hed, 140 kg T T A O (estimated)

type 5A, tritium stored as HTO

2
Equipment and surfaces inside 0.3 vo 30 = lO7 dis/geem”
glove box (1 to 100 Ci/m?)

: Lo 3 . 2
Equipment and surfaces inside 0.7 to 800 - 10 le/s'cm
flush hoaods (.2 1o 200 mCifme)

2
External surfaces of glove box, 0.4 to 8 dis/s+cm
pusification system, nearby (0.1 to 2 uCi/m?)

walls, floor, and furniture

Vacuum pump oil, pump used to 150 mGCi/ 8
recover hydrogen isotopes

Vacuura pump oil, pump used for 1 to 30 mci/e
glove~box atmosphere

Argon atmosphere inside glove n0.2 Ci/m3
box
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DECONTAMINATIGN AND DISASSEMBLY PROCEDURES

Some metal tritides react =pontaneously with H,0 or 0, to
liberate tritium.  For cxample: - -

LiT (s) + H,0 (2 or g) -~ LiOH (s) + HT (g)

Other tritides such as Ti0y are relatively stable and as contaminants
must be phvsically removed.  Water-based detergents used to rimove
stable particolates would react with less srable materials, piving
exeessive HT in the glove-box atmosphere aad thus inevense worker
exposnres.,  Use of water was also limited by the capacitv of our
malecnlar-sicve bed, as deseribed carlier.  Thereforoe, our proce-
dures used nineral ofl and kerogence to remove "Toose'” contaminat ion
before using anv water.

Hiove Box Contents

Al quantitics of metal tritides were removed, including dust
and debris vacuumed from the glove bowx,  Eguipment inside the glove
box was packaged as contaminated waste. The following procedures
were generally followed:

® Tritium contamination was estimated from past experience.
® Fquipment was placed in "lard" cans (v45-f volume). VPlicces
too large to fit were disassembled, broken, or crushed.

® Hutsides of the Lard cans were wiped of b with mineratl oil,
and closcd cans were moved from the glove box te the flush
hood.

® [ids were sealed with sitastie sealantr and taped.
® Cans were sealed in plastic bags and placed in 55-gal
barrels. These also had to be promntly sealed or some

contamination from the lard cans would permeate the plastic
bags.

Glove Box Decontamination

Decontamination of the inside surfaces of the glove box was
as follows:

® VWashed with mineral oil.

® Washed with kerosene, followed by kerosenc with detergent.
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@ Water Lproav o to decompose reactive tritides.
® Yashed twice with walter and detergoents.

Converted the glove box from argon atmosphere to once-through
air flush, followed by two water rinses.

® Removed windows and gloves, washed adiacent areas with
wirt er=hased detergent.

Washed entire glove boz with witer-basced detergent.

Separated giove-box scctions and washed flanges with water-
hased detorgent .

The air locks were oleaned by 2 modificd procedure, which
eliminated the use of kerosene with detorgonts.

Results af the decontamination proccedures far tne glove box
are shown in Fig. 3. Repeated scrubbings were clearly noecessary o
achicve the desired decontamination, even though the [inal concam-
inarion levels were well below the target level of 2000 dis/s-eml.

When the glove-box interior was washed or rvinsed, this included
spraying hard-to-reach corners with a pressurized nozzle and an
external source of fluid. Dishwashing swabs with extended handles
provided scrubbing action. Fluids and dirt werc wiped up with paper
products and sealed in paint cans.

The first use of water as a "spray" was by a hand-held spray
bottle similar to thosce used Tor household detergents.  Reaction
with rritide salts caused an cffervescence, increasing che tritium
in the glove-box armosphere. When the level cxceeded 1 to 2 Ci/m3,
we stopped spraying until the level cawme back down so as to minimize
worker exposures. Joints were saturated repeatedly to decomposc
everything possible belore converting to once-through air flow. This
decompasition was much slower than cxpected--this was true even on
flat surfaces after repeated applications of water, as evidenced by
increasing tritium in the glove-box atmosphere. We later estimated
that decomposition of salts liberated about 2 to 12 Ci/m? of surface
as HT, although these surfaces were swiping ouly a few percent of
this just before the water spray (see Fig. 3).

In order to use water, we valved our our large molecular-sieve
bed and installed an in-situ dryer in the glove box. The regular
purification-system blover and catalyst were maintained so that HT
would be converted to HTO; while the glove-box atmosphere was still
basically argon, it contained several hundred ppm 02 for this purposc.
This effectively gave us an unlimited capacity for water. The in-situ
dryer is described elsewhere.
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Decontamination steps

Fig. 3. Glove-box intcrnal-surface contamination as reduced by
decontamination procedures. Area below dashed line shows
target level of activity for shipment off site. The
decontamination steps are:

A measured "as is" F 2% Triton CF-10 with
B mineral oil kerosene
¢ kerosene G water spray
D kerosenc H, 1 27 X-100 with water
E wvarious detergents J water rinses (2)
with kerosene K air flush 30 days

L swish; water and methanol rinse

We tried using several detergents in kerosene to 1lift off
: . visible grime. These were anhydrous nonionic surface active agents,
i one example being a 2-vol% solution of Triton CF-10 (trademark of
: Rohm and Haas Co.), a benzyl ether of octyl phenol. Detergents in
kerosene did not appear to be effective beyond the ability of
kerosene to wipe away loose particulates, as shown in Fig. 3.

With water, we used a general purpose, nonionic surface active
agent as a 2-vol% solution of Triton X-100 (trademark of Rohm and
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Anothor deterpgent e B TR ademiary of Haviland

Products Cougp, o proprictal s water—oose ampholeric suriaciant con-
taining allaline silicates, whicho in packaged in a sprav can.  This
product foams upon application, and alter standing it was rinsed of
+ith water or methydl aleohol (oee Vige 3) . At this point, we con-
clude that any good detergent in water would be offective.

After most of the glove box decontaminat ion was done, the box
was purged with room air tor about 30 dave.  The windows and gloves
were removed during this Uime. We then swiped the inside surfaces
again to sce if there was any tritium acenmulat ion from outgassing.
lesults are ooted in Fig. W0

T .

fve was o inereasce of tritium
activity inside the o :
air-lock surfac.s,

(RN el

Aoondty oo modest increasce on the

indows, Gloves, and

After contamination levels dropped nelow 2000 di.k;/.&:'rmz, W
removed windows and gloves.  We uned o osimple, portable, acryiic
plastic hood with an cxhaust blower over the work arca and with the
glove box undcer negative pressurc so that air would flow invto it.
The hood is illustrated in Fig. 4.

To exhaust
blower and stack

Air flow througn
bottom of hood,
and through the

window opening,

Fig. 4. Portable hood to provide ventilation while removing win-
dows and cleaning adjacent arcas,
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Fig. 5. Construction fcatures of in-situ pack-bed drver for
scavenging water containing some HTO.

dryer could maintain the glove-bex dLmHHPhLlL Gl 290 ppm HHhu, with
HTO levels typically 0.2 o 0.3 Ci/m’. 1t conld also reduce thn
glove-box atmospherc from aboul 30,000 ro 2000 ppm Hz0 in less than
2 h. This performance was adequare for our purposces.

Bioassay Program

Workers submitted urine samples dailyv during hicavy work loads
and at least weekly at other times. The typical range of tritium
concentration was 1 to 5 uCi/%, and the highest value was 8 uCi/i.
The maximum worker exposure was L10 mrem, and the total integrated
dose for all workers was 420 mrem for the 6-month period to date.
These values are within our guidelines.

Rubber Gaskets

We recovered several gaskets from air-lock doors and other
locations to verify their condition after more than ll-vears scrvice
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WASTE DISPRSAL
Regquircments of our waste disposal program wore Toree b Dimitod

to packaping waste Qo containers that contormed to carrent vegulas
N

tions/ . UVltimats disposnl was hoosd Do by oibe LHL Waste Dinponal

Croup, and commercial bhurial sites werc ased,

bigied or cromed wiasto was loaded into contaoaners, and h
tritium content was estimated: when appropriate, the item was
weighedo A Top of these data wore wept. From this point oo, the

Waste Disposal Group processed the containers.

CONCLUSTONS

A major tritium rescarch facility for handling reactive metal
tritides was decomnmissioned. A large glove box was decontaminated
and disassembled for reuse at another tritium facility.,  Tritium
contamination inside the glove box was reduced by six orders of
magnitude to a lovel of about 10 to 100 dis/x-cmz. Decontamination
required repeated washing, first with organic liquids and then with
water and detergents, to achieve the desired results.  Special swipe
techniques were used to monitor progress inside the glove box.
Careful planning before and during our operations plaved a major
role in our success. Adequate worker protection was provided by
the use of simple protective clothing in conjunction with continuous
monitoring of the room atmosphere and regular biocassays of the
workers. Adequate local ventilation gave protection to workers
while opening contaminated equipment or breaking contaminated
: plumbing lines. Radiation exposures were well within our guidelines;
L the highest individual exposure being 110 mrem for a 6-month periaed.

. An inexpensive in~situ packed-bed dryer was developed for
temporary service during decontamination operations. This effec-
. . tively gave us unlimited capacity to adsorb water containing some
4TO0.
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