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A 1 .• i r f.', i_- g l o v e - b o x f a c i l i t y f o r h a n d l i n g r e a c t i v e m e t , ; ! t r i l i d e s 
was d e c o m m i s s i o n e d . Ma^or s e e l i o n s of I b e g l o v e Im:-: w r v d e c o n ­
t a m i n a t e d a n d d i s a s s e m b l e d f o r r e u s e nt a n o t h e r t r i t i u m f a e i l i t ' . ' . 
To a c h i e v e t h e d e s i r e d r e s u l t s , d e c o n t a m i n a t i o n r e q u i r e d r e p e a t e d 
w a s h i n g , f i r s t w i t h o r g a n i c l i c u i d s , t h e n w i t h w a U - r and d e t e r g e n t s . 
W o r k e r p r o t e c t i o n was p r o v i d e d by s i m p l e v e n t i l a t i o n , w h i c h was 
coral) i n o d v. i t il c a r e f u l m o n i t o r i n g , of t h e w o r k a r e a s and e m p l o y e e s . 
S e v e r a l i n n o v a t i v e t eol in i '\ l i e s a r e d e s c r i b e d . 

INTKOIIl'CTinN 

A m a j o r t r i t i u m r e s e a r c h l a c i l i t v a t L a w r e n c e l . i v e r m o r e 
L a b o r a t o r y (LLL.) was o b s o l e t e f o r e u r r e n t p r o g r a m s a a d was d e e >m-
m i s s i o n i ' d . T h i s f a c i l i t y i n c l u d e d : 

• A n i n e - s e c t i o n glove, box wi th a volume of abou t S m . 

• An e n c l o s e d 5 0 0 - t o n h y d r a u l i c p r e s s . 

it 
T h i s work was performed u n d e r t he a u s p i c e s of t h e U .S . Depar tment 
of Energy by Lawrence L i v e r m o r e L a b o r a t o r y u n d e r c o n t r a c t 
No. W-7A05-Eng-48. 

P r e s e n t a d d r e s s : Measurex C o r p o r a t i o n , I R e s u l t s Wav, 
C u p e r t i n o , C a l i f o r n i a 95014 . 
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interior v i' '.•-' ' • l" 

system ini ludi'j a I'd-oa ta ', yst bed and a 1-0-kg bed el" "e\ n. • i e. •.;! ar 
sieve, with a hlnt'cr, vat nam pumps, pipi.ig, anil monilorirc: ecu i p::, .a: . 
We estimated the mo 1 er u ' a r-s i eve bed held about L'i •..: o'" t r i t i ur. us 
I1T0. 

The me 1 .vii 1 a r-s i . ••:•• bed had been last i" .e >.', L • 11 •- ra I. ed Hear!: 1 1 J 
years p rev ieus 1 v . Pie original otpi i piueut I'er regenora' ien was 
inadequate, ,[\ul .ill I .iupo r;i rv • -MM i |mieiH was removed a I thai ! hue. 
Kven in"...' tb. ;-i:r i : i .-at ii.ii system ma i nl a i uci! the glovc-b"X .. 1 "i.'spbt la 
at about i tn 1 npn \;;ii.i' ( e m u a : n i :ig all hydrogen isiy.'p. ,! and 
about U.J '':i/:nJ (comb i neii !!T and Mil!) . however, without tin ability 
to regenerate the ran 1 ivn1 ar-sieve bed, any large additions o! water 
during decontamination weal;! partial!;: displace the existing HTO, 
tiierebv increasing tritium in the g l o w - h e x atmosphere and Pius 
increasing worKcr exposures as '.-.'ell as ell lueiit releases to the 
a tmosphere . This greatly influenced the decent am i nil ti on processes 
we used. 

We knew that tritium-contaminated facilities at several labora­
tories, including ours, had been decommissioned, but we were unaware 
of any reports on the procedures used or the amount ol" effort needed 
for specified goals. After making repairs on a similar glove box, 
Folkers and Johnson reported decontamination of nearby areas with. 
methyl alcohol and trichloroethylene and an effective use of local 
ventilation for worker protection. Harris, Kokeng • and Marsh- and 
Gilbert, Wright and Madding^ reported that procedures f.-r decontam­
inating facilities for -^"Pu and -'f)Po, respectively, required re­
peated washing with detergents to get the ties i red n. si;!;s. 



im iov . i t i y i - t i-i ' l in i • (1 j • - .=-. l o r i r i t inn: decent am i na t i < m w h i l e m i n i m i z i n g 
w o r k e r e x p o s u r e s ,uid .1 ; muspiie r i c r e l e a s e s . T h i s r e p o r t d e s c r i b e s 
r i le me thods used and o u r r e s u l t s . 

PLANNING 

The two key issue:: identified were: 

• To adopt standards lor residual Irit ium eon I am i na I ion llial 
are acceptable for subsequent use n[ recovered equipment. 

• 'In minimize the radiation dese to workers anil the public 
d'.ir i ng I he opera I ion . 

Normal procedures Tor operation of our tril ium larilit" pro­
vided the basis for most" of our planning. ' 

A safety assessment'1 provided guidance for the entire operation, 
especially Tor unusual or high risk ope rat inns. Key rorommendat ions 
i n< 1 uded : 

• Use of protective clothing while handling contaminated equip­
ment . 

• Provision for adequate ventilation CO.75 m/s) while working 
on open contaminated equipment. 

• Monitoring of workers by taking daily hioassav samp 1 OH 
during high hazard operations and at least weekly samples 
at other times. 

The principal tritium-exposure pathways were associated with 
the initial breaking of tritium lines, decontamination efforts, and 
the handling of tritium-contaminated vacuum-pump oil. 

1'rimary protection for the workers consisted of maintaining 
a positive flow of air away from personnel and the wearing of pro­
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 exposures. 

The room containing the glove box was continuously monitored 
for airborne tritium using two, Overhoff Beta-Tech , 2-litre, 
"A 
Reference to a company or product name does not imply approval or 
recommendation of the product by the University of California or 
the U. S. Department of Energy to the exclusion of others that 
may be suitable. 
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ga:ur:ia-, on.pensui... c, ion cnanihe rs . i he average tritium concent rat ion 
in the room was <1() ul'i/m-̂  throughout tin- decommissioning project. 
On t'Jo separate occasions, tlie tritium room concentration approached 
'350 plJi/m'. Ni rma I room ventilation reduced the level in about 
LO rain. 

Maximum allowable surface contamination levels are siiown in 
Table I. As we expected to sliip the glove-box sections to Sandia 
l.aiiorat o t",' Livermore (Sl.l.) tor use in their tritium facility, 
special contamination levels were adopted for this purpose. 
Surface-contamination levels were assessed, using standard swiping 
techniques and a liquid si int illation unit located in the same 
11 u i I d i 11 g . 

Tile max i mum oft-.-. i:e exposure from a postulated accidental 
release u! 1 g ol" tritium as H'i'U was estimated'1 to he less than 
i0 mrem. This was unlikely to occur since most of the tritium 
here was hound on tic- mo 1 ecu lar-s ieve bed. 

Table 1. Maximum bevels of Tritium Surface 
fontaminaI ion Allowed for Various Uses. 

Maxi mum 
Allowable Level 

(dis/s-cm-) 

Equipment tor unrestricted use, 1 
including general public'1 

r.qu i pracn t or furniture, use limited to J 
offices within our tritium raeilitv a 

Equipment or furniture, use limited to 20 
laboratories within our tritium facility* 

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

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

Taken Erom Ref. 5. 
'Each glove-box section also limited to total (absorbed 
plus swipable) tritium of 1 K 1 0 1 2 dis/s (i<25 Ci). 
Enclosed during shipment; required continuous venti­
lation except during shipment; required protective 
clothing during work. 

I tern 

2000 b,c 



Moth HI and lift) nutgas 1:0111 i nuous 1 y from contaminated surfaces, 
even after decontamination. All steps were planned to retain the 
gas purification system ur 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 equipment.. We anticipated the hazard for various opera­
tions I m m the data in Table 2. For example, we know from experience 
that surface contamination levels of <20 dis/s-em- can be handled 
in the open by workers appropriately monitored, while love's up to 
about 8 x If)' dis/s-cm" can be safely handled with plastic or rubber 
gloves inside a flush hood. Vacuum-pump oil with at least '30 mC i /'.' 
of tritium contamination and no water content can be handled with 
plastic gloves anti modest ventilation. The hazard is severe when 
the oil also contains water. 

Table 2. Tritium Contamination bevels in a Research Clove-Box 
Facility After Exposure of Clove Box to Solid Tritiun 
Compounds for Over 11 Years. 

Measured 
item Contamination bevel 

Molecular-sieve bed, I'IO kg ^9 •• 10 Ci (estimated) 
type 5A, tritium stored as HTO 

Equipment and surfaces inside 0.3 to 30 >• 10 dis/sTiiT 
glove box (1 to 100 Ci/m 2) 

3 2 Equipment and surfaces Inside 0.7 to 800 * 10 dis/s-cm 
flush hoods (0.2 m 200 mC i/m2) 

2 External surfaces of glove box, 0.4 to 8 dis/s-cm 
purification system, nearby (0.1 to 2 uCi/m 2) 
walls, floor, and furniture 

Vacuum pump oil, pump used to "W50 mC.i/9, 
recover hydrogen isotopes 

Vacuuivi pump oil, pump used for 1 to 30 mCi/Jl 
glove-box atmosphere 

3 Argon atmosphere inside glove ^0.2 Ci/m 
box 
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Some metal tritides read spontaneous I y with H.,0 or (),-, to 
liberate tritium. For example: 

LIT (s) + H,,0 (?. or g) - I.iOH (s) + HT (g) . 

n t h e r i. r i t i iles such as T i i'o a r e r e l a t i v e l y s t a b l e and as c o n t a m i n a n t s 
must: lie p h y s i c a l l y removed. Wat o r -bnsed d e t e r g e n t s used In remove 
s t a b l e p a r t i c u l a t e s would r e l e t wi lb l e s s s t a b l e m a t e r i a l s , g i v i n g 
e x c e s s i v e HT in the g l o v e - b o x a tmosphere and t h u s i n c r e a s e worker 
e x p o s u r e s . Use of wa t e r was a l s o l i m i t e d by the c a p a c i t y uf our 
mol ecu ! a r - s i eve lied, as d e s c r i b e d e a r l i e r . T h e r e f o r e , our p r o c e ­
d u r e s used minera l o i l and k e r o s e n e to remove " l o o s e " contain i na t ion 
b e f o r e u s i n g any w a t e r . 

': I. >_ve_ Jii i_x_J A mt en t s 

All quantities ol metal tritides wen: removed, including dust 
and debris vacuumed from the glove box. Equipment inside the glove 
box was packaged as contaminated waste. The following procedures 
were generally followed: 

• Tritium contamination was estimated from past experience. 

• Equipment was placed ;n "lard" cans ("-4 5-f. volume). FLee.es 
too large to fit were disassembled, broken, or crushed. 

• Uulsides of the lard cans were wiped off with mineral oil, 
and closed cans were moved from the glove box to the flush 
hood. 

• kids wore sealed with silastic sealant and taped. 

• Cans were sealed in plastic bags and placed in 55-gal 
barrels. These also had to be promptly 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: 

• Washed with mineral oil. 

• Washed with kerosene, followed by kerosene with detergent. 

http://FLee.es
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» W.U.-r :.|ir.iv Id dei umpnse reae t i '.',• tritides. 

• Washed twice with water and detergents. 

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

• Removed windows and gloves, washed adjacent areas with 
wa t er-based del orient . 

• Washed entire glove buy. with water-based detergent. 

• Separated glove-box sections and washed Manges with water-
based detergent . 

The air looks were rleaned by a modified procedure, which 
eliminated the use of kerosene with delcrgents. 

Results of the decontamination procedures for the glove box 
are shown in Fig. 'J. Repeated si-rubbings were clearly necessary to 
achieve the desired decontamination, even though the final comam-
ination levels were well below the targi. t level of 2000 dis/s-cm . 

When the glove-box interior was washed or rinsed, 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 were wiped up with paper 
products and sealed in paint cans. 

The first use of water as a "spray" was by a hand-held spray 
bottl" similar to those used for household detergents. Reaction 
with tritide salts caused an effervescence, increasing jhc tritium 
in the glove-box atmosphere. When the level exceeded 1 to 2 Ci/m^, 
we stopped spraying until the level came back down so as to minimize 
worker exposures. Joints were saturated repeatedly to decompose 
everything possible before converting to once-through air (low. This 
decomposition was much slower than expected—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 only a few percent of 
this just before the water spray (see Fig. 3). 

In order to use water, we valved out our large molecular-sieve 
bed and installed an in-situ dryer in the glove box. The regular 
purification-system blower and catalyst yere 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 purpose. 
This effectively gave us an unlimited capacity for water. The in-situ 
dryer is described elsewhere. 
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Decontamination steps 

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

21 Triton CF-10 with 
kerosene 
w.i tor spray 
1 27, X-100 with water 
water rinses (2) 
air flush 30 davs 

measured "as is" 
mineral oil 
kerosene 
kerosene 
various detergents 
with kerosene 

r; 
J 
K 

L swish; water and methanol rinse 

We tried using several detergents in kerosene to lift ofT 
visible grime. These were anhydrous nonionic surface active agents, 
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 



Another d.-L erg.-;:! we used rf!".-!-! : . •• • 1 '.' was Swish (t racer..'! r\\ of llavila 
Products 0>.j, a p ro;> r i el -i r . v..i I e i-ease amphole r i e siirl.'K't'mL con­
taining all aline s i ! i eat c-., '.-.hi'h is packaged in a spray ean. This 
product foams upon applical inn, and alter s Landing it was rinsed off 
with water or methyl ulcoho! f:;er rig. I) . At this point, we con­
clude that any good detergent in water would be effective. 

Alter ;:iost of I lie glove box dcconLami nat ion was done, the box 
was purged v.'ith room a i r lor aboul 10 davs. The windows and gloves 
were removed during this lime. We then swiped tin- inside surfaces 
again to see if there wis anv tritium accumulation from out gass i ng. 
Results are noted in fig. '!. Tli.-r. ../a.-, no increase of tritium 
activilv iii'-; id>- the g1. ov ::•>:•: ace', ou'e. a modest increase on the 
air-lock surface,. 

Wi ndows , I', loves, and fill iny_s 

AT iter contamination levels dropped eelow '^000 dis/s'im", we 
removed windows and gloves. We used a simple, portable, acrylic 
plastic hood with an exhaust blower over the work area and with the 
glove box under negative pressure so that air would flow into it. 
The hood is illustrated in Fig. 't. 

Fig. A. Portable hood to provide ventilation while removing win­
dows and cleaning adjacent areas. 
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5 A molecular 
sieve bed 
•- b cm (2 in.) 

-,y. 
Squirrel-cage blower *?' 

Fig. S. Construction features of in-Ki_tu pack-bed drvcr lor 
scavenging water containing some 1ITO. 

dryer could maintain the glove-box atmosphere at 2 51) ppm IMI, with 
HTO levels typically 0.2 to O.'i Ci/m'. It could also reduce tin 
glove-box atmosphere from about 30,000 to 2000 npm lloO in less than 
2 h. This performance was adequate for our purposes. 

Bioassay Program 

Workers submitted urine samples daily during heavy work loads 
and at least weekly at other times. The typical range of tritium 
concentration was 1 to 5 uCl/?-, and the highest value was 8 uCi/i. 
The maximum worker exposure was 110 mretn, 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 11-yoars service 
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ill •< J11 i r.-Di.-nl s n!' cur was t e d i s e e - . s l program were I a rce I '.' l i m i t e d 
I " paokag i II).', w a s t e i;: L-(.II I a i u.' i-'-. ih.-: I < a MI 1 <' nil. • d to c u r r e n t ri'Kii I a -
1 i n n s ' . I ' l l i n i l i d i s p o s a l was ii.ni.,1 I . .i fv the l.l.l. k' , .sto I) i spi.',. i 1 
oroi ip , and I'linniTi' i a 1 b u r i a l s i t e s wen used. 

li.i >:;,< ii o r I'linni'il was te was load'-d i n l e e n t ,' 1 ne r s , and lie 
t r i t i u m ciin( • -n t was e s t i m a t e d ; when appropr ia t e , t he i tem was. 
weighed. A lee, el t h e s e d a t a wi r e K i • j 11. . From t h i s po in t n.i, the 
Waste D i s p o s a l Croup p r o c e s s e d t in ' ' o n l a i n e r s . 

CONCLUSIONS 

A major t r i t i u m r e s e a r c h f a c i l i t y for h a n d l i n g r e a c t i v e me ta l 
t r l t i d e s was decommiss ioned . A l a r g e g love box was d e c o n t a m i n a t e d 
and d i s a s s e m b l e d for r euse a t a n o t h e r t r i t i u m f a c i l i t y . T r i t i u m 
c o n t a m i n a t i o n i n s i d e the g love box was reduced by s i x o r d e r s of 
magni tude to a l e v e l of abou t 10 t o 100 d i s / s - c m - . D e c o n t a m i n a t i o n 
r e q u i r e d r e p e a t e d wash ing , f i r s t w i t h o r g a n i c l i q u i d s and then wi th 
wa te r and d e t e r g e n t s , to a c h i e v e t he d e s i r e d r e s u l t s . S p e c i a l swipe 
t e c h n i q u e s were used to m o n i t o r p r o g r e s s i n s i d e t he g l o v e box. 
C a r e f u l p l a n n i n g b e f o r e and d u r i n g ou r o p e r a t i o n s p l a y e d a major 
r o l e in our s u c c e s s . Adequate worke r p r o t e c t i o n was p r o v i d e d by 
the use of s i m p l e p r o t e c t i v e c l o t h i n g in c o n j u n c t i o n w i t h c o n t i n u o u s 
m o n i t o r i n g of t he room a t m o s p h e r e and r e g u l a r b i o a s s a y s of the 
w o r k e r s . Adequa te l o c a l v e n t i l a t i o n gave p r o t e c t i o n to workers 
w h i l e o p e n i n g c o n t a m i n a t e d equ ipmen t o r b r e a k i n g c o n t a m i n a t e d 
plumbing l i n e s . R a d i a t i o n e x p o s u r e s were w e l l w i t h i n ou r g u i d e l i n e s ; 
t he h i g h e s t i n d i v i d u a l e x p o s u r e b e i n g 110 mrem fo r a 6-month p e r i o d . 

An i n e x p e n s i v e i n - s i t u p a c k e d - b e d d r y e r was d e v e l o p e d for 
t emporary s e r v i c e d u r i n g d e c o n t a m i n a t i o n o p e r a t i o n s . Th i s e f f e c ­
t i v e l y gave us u n l i m i t e d c a p a c i t y to adso rb w a t e r c o n t a i n i n g some 
HTO. 
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