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In my lecturs today, I shall discuss the hazards of plutonium handling, the
philogophy of plutonium handling, gloye box construction.and materials, some
plutonium handling techniques, and briefly mention gome of the plutonium work in
progress in thiz country. I shall not attempt to discuss the more diffiecult
problem of handling mixtures of o, P, and y-active materials sxcept to say that
this will be a problem of inereazlng lmportancs ss more pover reactors which
produce plutonium are built snd operated and as plutoniunm-burning reactors come
inte use. GHome instellatilons in this country abd abroad are alresdy considering
thiz problem and gome progress toward effective methods of handling materiala of
thi=s type haz been reported. T have drawn meterial for oy telk from a number of
gources Including my limited sxperience snd wislte to plutonium facilities at Laa
Alamos and Argenne Natlenal Lsboratory, published articles, the book "Glove Boxes
and Shialded Cells", edited by Q. K. Walton, and replies to a guestiomnaire
by an AEC glove box committee.

The hazards of plutoniuvm handling are of three basic types: toxielty,
eriticelity and fire. Since the greater part of my telk will be related to the
toxieity of plutenium and the real cauee for concern In case of a f‘itre in a
plutonium facility is due to the possibility of uncontrolled releasge of plutonium,
T shall spesk briefly ob oriticality control hefors golng on to plutonium hendling
problems that T know more about.

The eritieality problem 12 emphasized by the faet that several fatal
aeoidents at Los Alamos ean be attributed to eriticality Ineddents and a recent
review mentioned zixteen Incidents 1n which the reactiyity of s fisszile sysiem
acoidentally exceeded prompt critieal. In addition to producing lethel doses of
neutrons and gamma-rays, a critieality accldent generates a large amount of heat

in s very short time which mey sometimes lead to an explosien.
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Criticality control is achieved by two methods: the always safe mass and
the always safe shaps. The shape of a system largely determines the leakage of
neutrones from a system. IF one of three dimensions of a contalner is made
sufficiently amsll a3 compared to the other two dimensions, then no matter how
mmch fiszsionsble materisl is put Into the container, sritiecslity canncot be
achieved. Where large emrunts of plutonium or gther fiszionsble material must he
rrocessed, this is the only method which will gusrantee that eriticality will not
be achiewved and experience has ghown that it is essential that there be no unsafe
container availsble inko whieh the flsslonable waterial can be accidentally
transferred. Plutonium metal iz geometrically safe in s L.4 In. diameter eylinder
azd in a 0.2 in. thick slab in a full water reflector. Agquecus asolutions of
plotonium are geometriecally safe in a 4.5 in. diameter cylinder and in a 1.2 in.
thick £lab in a full water reflector. These figures Inelude a safety factor greater
then 1.3%. Flve hundred grams of plutonium in scluticon can be made eritienl with s
full water reflector. Consequently, only about 250 grams are allowed to be processed
at ocne time for "always safe'mase" procsssing. This subjeet is much more compli-
cated thean might be suspected from my brief discusalon, but perhaps this will be
sufficient to indicate the nature of the approach to safes handling of plutonimm or
othar fisgionable materiale from the standpoint of criticality sontrol.

The toxielty of plutonium stems Ffrom the facet that it is an alpha emitter with
6 helf-1ife of 24,400 years and that it is deposited predominately in the bones and
liver, It 1s reported to be adsorbed from the gastro-intestinal tract only to the
axtent of about 0,0034 while from 1 to 10% of the inhaled dose may be adaorbed,
depending mainly upon particle size and solubility. A amall amount may be abaorbed
through the skin and through contaminated cuts and puneture wounds, but lung

absorption is potentislly the mest important route of entry Inte the body. Onee in
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the body, Pu=239 12 excreted extremely slowly, sbout 200 years belng required to
eliminate one=helf of the body burden. Table I shows maximm permissible limits
which have been established for body burdens of verious plutonium isctopes and
permissible eoncentrations of these isotopes in alr.

The meximum permissible body burden of 0.04 pc of Pu-239 was established by
comparison with Ra=-206 for wvhich a congidershle smount of climdesl information
exiats. Thisz is equivalent to spproximetely 0.6 pgm or 6 X 1077 gng of Pu. 0On
the basis of animel experiments, it is estimsted thet introductlon of 20 to 7D mg
of Pu=-239 into systemie eireulation would regult in a 50% chence of death within
30 doys end that an individual surviving beyond the 30 day period would sursly
sucoumb eventually to chronie or delsyed effects of such g dose. Smaller doses
may have s long=delayed effect, such ag bone cancer. Although there are some
irdividoale who are knowm to have a body-burden In excesg of the presently
aceepted MFL, no published case inwvolving death or ewven serious body damage from
exposure to plutonium has come to my attention. It should be mentioned that one
of the difficulties Involvad in working with plutonilvm and other g-emitters is
that there is no truly contlnuome method of monitoring for sir-borne g-materigl.
Thie type of monltoring is vswally achieved by pulling alr through filtar materisl
at a measured rate for a peried verying from 5 minutes to 8 hours or more, and
then counting the g's in the paper, either with sutomatically activated counters
or with memally operated counters. It is necessary to live with a rather high
background in this type of monitoring due to the radon and thoron eontent of air
or to allow thie activiiy to decay overnight. The zllowable econcentration of airs
borne plutonium is 9 dfme5 for an eight hour working dsy. Other typea of

aemonitoring routinely carried out ususily involve determining surface contamination
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of gloves, floors, or cother surfaces either by wiping with & filter dise and
counting the filter or by use of & portable alpha meter. Permissible surface
levels are in the range 1 to 20 dfmjhﬁ?.

The generally accepted philescphy of plutonium handling should be cbvious
from the discupsion of plutonium toxicity. It ia, brisfly, to taks every
precauticn possible to svold any exposure of operating persommel to plutonium.
There are, no doubt, some rugged individualists around the country who handle
plutonium successfully under leas than idesl condltions, but it seems likely that
ihéresasingly Jipm'dpplicaetitns -of administrative controls will eventuslly eliminate
this type of handling except possibly in emergency situationa. The more nearly
normel practlce is to maintaln complete enclosurs of plutonium at all times
axcept poselbly for small guantiliies of plutonium in gelution, which mey be handled
in open front hoods having s high alr intake rate, approximately 150 1fm, to
minimize the possibility of air-borns droplets of plutenium sclution belng cerried
into the laboratory. Company-issue elothing is always worn by pecople using this
type of installation and the operator's hands are usually protsctad by dizposable
surgeon's pibber gloves. Many cperations, particulaibly’ in aniljtiecs) lhboratoiies,
tan be hsndled much more essily in open front hooda than In glove boxss, and there
seems to be no question that gignificant smounts of plutonlum in golution ecan be
handled Yin hopdf By careful ;- compastentlpersispnel. 3o far a2 T have been gble to
determine, no hard and fast rules have heen sot up governing the amounts of
plutonium that will he permitied to be handled in open fromt hoods, A British
worker has suggested that the limit be set el to 10 millicuries of plutonium in
solution {approximately 15 to 150 millfgrams).

Very few workers sadvocate handling so0lid plutonium In any manner sther than

by the totsl enclosure method but the method of cholee varies widely with the typs
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of equipment employed for plutonium operations asnd the installsaticon where the

work is done. As one writer on this subject has well =aid, the planning of glove
hox facilitles is ususlly influenced by the planmer's experiences and personsl
preferences. Consequently, a great deal of individuality and ingenuilty has been
evidenced in this field end even where commercizlly maoufactursd boxes have been
employed, they were seldom used without modifications.

Some qualities considered desirsble for Pu glove buxes include tightness,
fire resistance, convenience of cperatiom and decontaminaticm, high degree of
visibility, provision for safe entry snd for removal of contaminated materials,
and moderste cost. Some of these rquirements are, to some exftent, mutually
exclusive.

A wide varisety of materials hes bheep used for the construction of glove
boxes, some of which were chosen for convenience in fabricstion rather than for
flre resistance, Thia Ffact, coupled with the plutonium 'Fire at Rocky Flats in
1957, haa resulted in a re-exanminbtdon of Feciltties for handiipe piutonium at
AEC installations which 1s stilll being pursued by a- gpetisl glove box commities.
The effects of thils re-examination have, however, already been showm by stiffer
contrels on the use of flammeble materials in glove box construction and in
demanda for secondary contaloment faeilities.

Plywood has been widely used in the construction of glove boxes hecause of
1ts low cost and easgse of fabrication and Lucite has bheen s very popubar window
waterial for similar reascns. It seems likely that fewer plutonium glove boxes
will be copnstructed of materials of this type in the fubture, and coneequently,

I shall ¢onfine my remarks to materisls which are presently considersd acceptabls

for glove box construetion. ILaminated glass is the preferred window materlal

because it e more resistant to heat than extsting plastiés, tut 1t iz far from °
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being an idesl construction materisl, It is more difficult to cut glove ports in
glase panels then in plastics and grest care muest be exercised in attaching glass
panels to glove boxes to avoid cracking the panala. Flastie window materisls are
avalleble which are more fire-resistent than Iucite but mome workers in this field
have expressed a degire for further improvement in this mrea. The perfect window
materdal has not yet bheen Fabricated.

Stainless steel is one of the more common materials for construction because
of ite reslstance to most corrosive atmosphexes, ease of fabrication, ease of
decontaminaticon, and good structural properties. However, when hydrochloric acid
mist be used in the glove box 1t 1s necessary to provide a protective coating on
the stailnless steel surfaces and some people in this field feel that in such cases
cne may ag well use a less expanaive constructlon materisl, such as mild steel.
at the Argonne Raticnel Laborstory, numercus glove boxes have been construchked by
the modular approach in which a few standard steel shapes were welded together or
alumlmm shepes were bolted together to form glove boxes of verylng sizes. Windows
used dn the welded boxes wers attachsd by use of the same type of rubber molding
thet 1s used for automcobile windshields., As mentioned previously, the atesl
marfaces are protected from corrosive atmospheres by muitsble plastic coatinga of
paint. A less commonly used glove construction materisl is extroded sluminum
which has good corrosicn resistance and structural properties but 1s rather
expenaive., A newer apd quite promising type of box construction which is atill
under development st Argonne is based on woven fiber glasge Impregneted with
rlastic, This type of consiructlon spparently has no advantoge, cost-wilse, over
atainiess steel, but is very attractive for applications requiring resistance to

eorrosion by HC1.
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Full-)ength gloves are commonly made of neoprene but cne ORNL instaldation
presently uses a combination plastic sleeve snd ordinsry rubber gloves connected
by means of enbroldery hoops. Glove ports, which may be either an inftegral part
of the glove box or attached later to the Front panels, depending on the type of
congtruction, are usuelly made of metal or plastic. They are fabricated in such
& manner thet gloves can be changed without opening the box to the laboratory.
The old glove or & part of the sleeve end= up inslde the glove box and 15 discarded
with the gther contsminsted woste. CGlove ports very in dismeter from 5 In, on the
"Berkely Boxes"™ to 10.5 in. on some ORNL glove boxes but many of the boxes now being
built have glove ports Gcta @u5.in. in diameterjcvhich, seews like g reasonable:
carpromise between the extremes mentioned. One of the facts &f life which must be
kept 1n mind in planning glove boxes and glove hox work is the average length of
the human exm. For small installations this i=s ususlly accomplished by making the
box =mell epough sc that eny part of the interior of the box can be reached from a
silngle peir of gloves. In larger installations, several pairs of strategically
located gloves may be required. "Pree-atadding" glove boxes which can he
approached from all sides provide advantagea for many types of operations and seem
to be gaining 1n popularity both in this country and sbrosd.

Glove port covers, or interior closure plugs, meke a definite improvement in
the flre resistance of glove hoxea when the gloves are not in use. Glove boxes
for Pu work are nearly always operated at s pressure of 0.5 to 1 in below that of
the laborastory, end the alr entering the glove box and leaving it must be filtered
by high efficiency fire resistant £ilters.

I now wish tof tukneboltheisubjestobf .@lo¥e bokonssemblisde- . Althbught:
techniques are avallable for safely transferring plutonium and plutonium conteminated
neterials into and out of glove boxes, which I shall discuss a little later, this

ig, 1in general, & time consuming cperstion. Whenever operations must be performed
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with plutonium materials which carmot all be performed in one box, it is common
practice to eonnect several glove boxes together through connecting chambers
generally referred to az interlocks. The bodes on both sldes of the interlock
are provided with doors ao that the glove boxes need not be opened to each other
during transfers. Such assemblies wary from very simple ones contalning two or
more Interconnected boxes to very elaborate installations such as the new Fuel
Fabricetion Facility at the Argonne Netlonel Laborstory, in which all types of
operstlons required for fabrilcatlon of plutoniuwn fuel elements can be performed.

As was mentioned earlier in my telk, methods for transferring plutonluvm and
plutonium contaminated equipment and materials into and cut of glove boxes are
very important. Locks of several different types are sometimes used for
transferring materials inte a glove box, but they find very limited spplication
for removing materials from a glove box. It is necessary to assume that any
equipment or materisl which has been exposed to a glove box atmosphers containing
plutonium is contemineted. The most widely used method for reamoving such meberials
and plutonium samples from glove boxes Ie the plastic bag technique. In the
previously mentloned ORNL instellastion, transfers are generslly mede through the
glove porte, but it is more common to use special porte similar to glove ports
for this purpose. After the conbtaminated material 1a transferred into a plastic
gleeve plove or & plastic bag of suiltsble slze, the bag iz twiszted and taped for
geveral inches, A cut 13 then made through the center of the taped gectlon and
both ends of the cut are Inmedintely coversd with more tape. Bome Installations
prefer to offect the sealing by means of & portable hest gesling devlee. A cut
ie mede through the middle of a brosd sesm "sewed" in the bag st the sppropriste
distance sbove the conteminated material. Either methed glves good ressults when
properly handled but neither should be regarded as fool-proof. Disposal of

contaminsted material is mede in a controlled area.
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Just sbout every type of chemical snd metallurgiceal coperation that one can
think of has been performed with plutonium in e glove box eand in the time remsining
I shell coly briefly mentdon e few. My own work involved heating mixtures contalning
PuF5 mixed with various other flucridesa in s stainless steel glove box and
determining the solubility of Pu 1n these mixiures by a filtration method. Other

research performed in this box included thermal enalysis studies of PuF_ systems.

3
In order to sttain the high temperature needed for these studles, it was necessary
te supplement the hest supplied by the outsdde furnace with hecters inside the glove
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One of the more important operations carried out ﬁﬂuﬁinely with plutonium. st
several dnstallastions is the production of plutonium metal. A bomb technique for
praducing high purity plutonium wmetai in which Pth was reduced with calcium metal
with iodine as a booster 1n a steel bonb lined with Cad, was reported recently by
a vorker at Los Alamcos and this method, or variations of 1t, seems to be the
preferred method for making Pu metal at present.

Returning to the (FNL instelletion with which I am most familiar, operations
connected with reeyecle ofF Pu For the calutron separation of Pu isotopes include
evaporating dilute Pu solutlions, extraction, precipitation of Pu peroxide,
cottveralon of the precipitated oxide to Pu{]E and of the oxide to PuG15 feed
material for re-introduction into the calutron.

Mound Laboratory has besn engsged in a program for determining densliy,
viscosity, and phase relations for Pu-alloy systems in support of the Los Alamas
effort to develop a fast neutron reachor fueled wilth a Tu-alloy. A program of
fundamental resesarch in the CME division at Ios Alamos has furnished phese dlagrems
of PuCl, systems, thermgdynamic data on Puﬂlj, and reprocessing methods for use

3
with Pu-alloy fuel materials, alsc in support of the fast reactor concept.
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Metallurgical research with plutonium and plutoniom slloys bas been pursued
at both Loa Alamoa and Argomne. The chemlcal epgineering division at Argonne is
Investigating the volatility procese for separating Pu and U and carrying cut
ignition experiments with plutonium. These researches, I am sure, make up only
a fraction of the total effort in the Field of plutonium rescarch but they will
serve to illustrate the variety of work in progress.

I have mentioned several times in my talk the emphasis that 1s being placed
uponr the use of fire registsnt materials in glove hox constmction hecause the
prevention of fires in plutoniun facilities 1s generally regasrded as the best
method of =voliding release of meterisl from this type of accident. Consequently,
the uge of flammsble meterisls, such as solvents, should be minimized or
eliminated wherever possible In glove box work with plutcniom. Plutonium metal
and some plutonium slloys ere pyrophoric and they require speclal facilitles such
ag dry air or inert stmosphere glove boxes for safe hendling. Meterdsls which will
minimize avallability of alr, such as graphite powder, MzO ¢r Ary ssnd sre
generally recommended for fighting plutonium fires.

In conclusion, I would like to lsave with you the idea thaet plutenduvm in amy
gmount should be treated with a great desl of respect, thet sclid plutcnium-
containing materisls should be hendled In such a manner thet they are never eXpossd
to the lsborstory air, that plutonium work should only be performed in well-
planned snd well-constructed Facilitiss having adequate provisions for meaitoriog
for escape of Pu, and that sternal vigllence is the price of safety in plutonium

work.
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Table I. Maximum Permissible Body Burdens and Maximum Permissible Concentrations
of Pu in Air for Qccupationsl Bxposure

Iaotope Critical Orgen Meximom Body Max. Permissible Cocncentraticon in

Burden (uc) Alr for W=hr. Week
pe/ce L
Pu-239 Bone 0.0k 2 x 1071 5.2 x 1071
Pu-240 Bone 0.0k 2 x 1071° g x 107"
Pu=241 Eone 0,90 9 x T 1.7 x lﬂnlh
Pu-2h2 Bone 0.05 2 x 10712 5.1 x 10710
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