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ENGINEERING STUDY OF RADIOLOGICAL FIRE PREVENTION

AT LAWRENCE RADIATION LABORATORY, BERKELEY, CALIFORNIA*

Jensen Young

i

Lawrence Radiation Laboratory
University of California ~
- Berkeley, California 94720_
.;Tanuary 1970

Abstract

A.fire in a radioisbtope fa;:'ility é_ould ré:sult in w‘idesprread contami-
na.fion of fhe enviréns. ' The levels of contaﬁilinat;ion, the >areas of spread,
the nurhbé"f of éeople contarﬁinated, and the healt.h' Hazards involved are
“hard to.: .p‘i‘vledict. 'For instance, it is>conceivab1e that if a radioisotope
vi-nvolv_.ed in a.fire wére in a ‘cofnpletelyi .Sé'aled'bcf:ont‘a»tiner,' no'confamination‘
would result. On the éther l.r1an.d,: if large quaﬁtities of radioisotopes were
in a flaiﬁfﬁéﬁie Cbntainer loc,,'atéd"ir; an un'Sprink.lered area, and if meteo-
rological conditions were just right, the levels ‘of contamination off-site
might _be'.sufficier;t to be a health hazard to the poi)ulation invélved.

The many unforeseeable and ﬁnpredictablé factors mé.ke it even
more iihperative that we practice fire prevention rather ‘than'r.ely on ﬁre
fighting. It .could be hazard'ousl,v‘ time -consuming, and expensive to decon-
taminate fire debr-is. If pe_oplé could be .indoctrinated to reduce fire
hazar'dsv'irﬁl their areas, a grea"c step/':forward would be made. Elimination
of accumﬁlated flammable mé.terials, or substitution of rionfl;ammable

materials, should be encouraged. Automatic fire suppressors (such as
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sprinklers) and alarms should be installed inhigh-fire ~hazard areas.

In th1s report we.d1scuss and evaluate some of the englneermg
steps taken at the Lawrence Rad1at1on Laboratory, Berkeley, California,
to redo.ce the haza.rds of flre in. rad101sotope areas, These mclude the
select1on of fire- retardant rnater1als for enclosures to meet the var1able
and unpredlctable demands of researchers, fire tests' on enclosure
components, mod1f1cat10n and testmg of a f1reext1ngu1rsher for glove
boxe sv', bev‘:alua.tlon of radlolsotope storage-areas and a cr1t1cal look at’

mechanical ventilation in a radiological fire.

Introduction

The effects of fires in radlolsotope areas can bbe far - reach1ng
The results range from personnel exposure and property loss to poor
public relations and facility down tirne. | Needless to say a large fire
- involves large property losse's ($40 to 50 million at Rocky Flats,
Colorado!). Howeyer, decontamination of a facility after even_ a small
fire can also be expensive, ’ 3, Loss of.property is unfortunate; but
prOpertyV can usually be replaced. On the other- hand, personnel expo-
sure can never be completely recompensed, sOvthis becomes ourvch.ief.
~ concern, | : |
_,F’or the above reasons, the Safety Services Department in 1961

embarked on a continuing program to evaluate and reduce fire hazards

in radioisotope areas. This report covers the progress to date.
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‘Fire Tests of Glove Boxes

Radioisotopes in quantities large enough to be hazardous are

stored and handled in enclosures. The types of research’carried out

‘in these enclosures, the physical forms of the radioisotopes involved,

‘the materials of construction, and the sizes of the enclosures are

vi;a‘rvié.bl'e.“ The characteristic c’oiﬁmoh to all bo‘f these, however, is their
vulnei‘abiiity to fire.buv These encloéufeé afe svh.bje:ct'ed“t'ova multitude of
expérimental -'environf'nents..' Tﬁe résearchef-s'va‘ry in abilities from
the very sbphisfica.ted ‘se'ni'or‘ scientist tb {:he inexperienced graduate
studént. It is a tribute to the in'génuity and vigilance of the Safety
ServiCes‘ Depart;r;lent and of the researchers (ér ?er'haps s_irh_ply to
Lady Luék) that the Laboratory has not suffered a glové -box fire of
any'cbnseqﬁence. |

. Early in the game we recognized that the most vulnerable compo-

nents of ahy glove box were the gloves themselves. They. would

~ deteriorate under fire conditions and be, the first breach in the enclosure,

However, rubber gloyes are necessary for working in boxes, and at
preséﬁf fhere is not substitute for thend‘(n_ev'v rﬁateiials for gloves are
pres_enti? being evaluated by Factory Mu'tua‘l Reseérch Corpo‘ration).
Nonflé.mmable glove -port covers vcan reduce this problem. Other
components, nevertheless, should be selected to be as fire-retardant

as possible, >

Encleosure Shell

It must first be recognized that Safety Services designs and

fabricates almost all the glove boxes used at LRL, Berkeley. This is
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a totally research-oriented labora'.tory wheré there are no production
lines for the 'isolation. of radioiso-topebs_..‘v This me'a.‘ns that our enclosure
'_fequiiérhents are som’e‘wljlat (uﬁque. '”We'de‘sigh_a..l.mo‘st as rhahy ';'sp.ecial"
eric':lo.étllbr‘ebs' as we assemble‘ "standard"_units;_fh’ese "standard" .1.1nits are
fre‘qqently_v just the étarting point for alterat.iorivbs,and m.odifilca.'tions.tvo.
meét ;thev researéher's 'neéd's.v- Thus wé need._tvo"s._tc:)'.c'kpilé construction
. mat'ériavlbs and 'ha'h(e assembly methods that avr‘e v‘e_’fsatile and easily
adapta.‘ble. |
'Prior to 1961 the standard enclosure \x}as" made from 3/4-in.

plywood panels. This material satisfied all Quf. requirérhents_ for
econc;my' and versafility,. but it was ﬂa.mrna.ble..» » TO'reducbeA the fire
hazard, early in 1961 this dépé.rtment invevsti.ga.ted other glb&e -box
construction materials, Fifeproof plywood panels were considered
but disc;:arded because of their rough surface_’s,._v where cohté;mination
could .loci'ge. Me;ca.llic-boxesb were the obirioﬁs qhoice but they also :
>preseb;ted a number ofuprobléms, éuch as:.. .

] The initial cost of fabrication 'vs}as conside'rably highexl" than for
woode'n'_assemblies. | |

e Corrosion-resistant coatings on the box i's'hell would be 'compl_;omised
every fime a penetration into the sheli was mé.de. ‘.

® Altérations were difﬁcult to make,

e :Gfeater. storage area would be needed, .since»co‘mpleté shells
vi.nstea'd of panels would have to be stoi‘ed. |

] Leéd time for fabrication of the assembly would have to be increé.sed.

° Interchangeabiiity of box components would be reduced.
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' .After a numbel} of experiments, a :sa.ndwvich'.vof 1/2-in. plywood

with-1/8-in. asbestvc‘)s millboard on each side was selected as the stan-

- dard material of construction for the b(_)x,s;he_ll.'6 "Full-scale fire tests

were conducted to evaluate enclosures made of this new material. From

these results, we concluded that this construction material was satis-

‘ factofy_for our needs. (See Appendix for description of tests.’)

- Sheet metal enclosures are being designed and fabricated for

special situations; however, they are not being i'outinely constructed,

Viewing Windows

Const}ru’cti'on materials for thevviévv/ing Wiﬁdow have always pre-
sented a proble.m. Quarter-inch safety glé,s'sbls'_e‘t in a metal frame was
used at one time. Ho'vwever,'v this matérialiv}n)_a'.s not satisfactory for
several reasons:

e It would collapée under h.eat.' '

) Cﬁtting 5-in. or 8-in, glove por:ts set \_Jp‘sflr‘ess in fhe rést of the -
window, “

@ Alterations to the window were difficult, expensive, and time -
consufnin'g. | |

| ;Fi.xie—re.ta.rdant acrylic résin material, .Plexigla_s type 5009, has

proved ﬁhsatisfactory Ialso. Fire tests indic_at'ev_a.tljlat it would burn
vigoroﬁsly when heated to its combusion t‘erhperatﬁf_e (see Appendix).
Addi,tionally, thé maximum recomménde& coﬁtipuou.s'service tempera-
ture is 125-140°F, versus 180-200°F for type G Plexiglas, and the

chemical resistance is less than that for type G.
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Oui'__'prc—":s_ent front windows é.rve 'mva‘de from 3/4-in. type G Plexiglas
with a- metal frame ‘around the edges. We recognize that this is not the
‘best.rhatverial to use as_favr as fire resistance 1s concerned, but it does
meet égr other needs:7 | |

. It has good optical _¢larity_.
e it‘:is' rea&ily available.
° Fébrication is easy; machinability is excelle“nt.’
e It can withstand a moderate amounﬁ of stress aﬁd rough handling.
o It havs good corrosion resistance. ’

e On-the-spot alterations are easily made.

Top or Lighting Window .

Our fire tests (see Appendix) indicated that the best of the
materials tested fof the top window was industrial-type wire glass.
It‘wo_u_ld crack under fire conditions in the box, but it wo_qld still main-
tain its shape.

Dollies
| ~Wooden dollies to support the glove boxes are being replaced

with metal units,

Evaluation of Other Enclosures

Inert-Atmosphere Boxes

These units are constructed of all-metal shells with Plexiglas
windows. They do not present fire hazards except for the window and

gloves.
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1

Cave Boxes fof the 4-Foot and 6-Foot Wa;terj—Sh'ielded Néu"cron Facility

F_rom a”fii‘é :sta,ndp‘oint:, .tlﬁese are thé.r;tQSt v.\.lr.‘l"ne‘:‘r'abvle_ units at
the " La.bb"ov-rla;tdi'y; they als>o house the.ihighest levels of rédioacti{rity used
in.énClbé\ires. Remote vma.nipulatio"n proce.sse_‘s requir’é thé use of much
plastic material in the box cor'xstljuétion._ The front and rear po.rtions
are made of Plexiglas sheets to permit il_lumin'-a..t'io.n and vision. The
.ma.léxipulat.or]sock'ing, made from flexible {ri'nylv-ls.'heet, isolaté.s the |
rhas‘t’:e_r'—l'_s',l'a,ve fhé.nipulétbrs and keépsrtvhem fr:aé from contamination.

The fire h:azar'd inherent in these enclosures is ‘well' recognized

by all_'.”cé_ncernedv. Therefore, 'éonséiehtious efforts are made in fire
.pi‘eventi;c;n'.: Flammable‘ materials inside and outside the box’ are kept
to the 'bzire minirvmim,-‘ An'in-cell COZ} fire-.sg'ppréss.'ionv system is
‘inst»a.llé'd in each cell; it can be activated by either temperatui'e rate of
‘rise 6: x;nanual éqhtro-l. : | |

| Tihe primary boxes in the interior of the cells are practically
immune-.t'o a room fire. They are surroundéd :by.4—ft ér 6 -ft steel
w_ater‘tanks, which shouid stop most fires, ‘On the othér hand, a box
fire w_ifhin the cell might not feéult in a complete disaster. Each cell
is sepa_r'zife-_ly ventil’at;ad'through high-efﬁciengy filters with high— and
1ow—;sroit.1m.e fans, In case of a cell fire, the veﬁtiiation rate could be
inc;gas_éd. Thig would direct thé contaminated g.as'es o“r smoke thi'cc))ugh

fire-retardant air filters before 'discharge to the environs. -

Glove -box Fire Extinguisher

As mentioned earlier in this report, the Laboratory has never

experienced a glove-box fire in which radioactivity has been released.
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"We .fé'e_l that our insistence thét thé re‘sea}r'c‘he'r :ma.intain gbod houée_
ke_epihg within enclosures and good fire -preQe‘r;fioh attitudes isv-a; major
coﬁtributing factér to.this.safety recbrdf Fux;thex_‘_mo_re, ‘wve‘ have found
that at the low air exhaﬁst rates for the e.nclos‘ul_xj'.es (5-15 [cf:rﬁ), fires
become self-extinguishing. |
i "v‘l\Ievér'th_eless,. under c‘ert_a.in‘conditi;)ns 'a“glove -box fire might
gef out of Cor‘itr.ovl. 'Wé:dgci'de'c.l, ther_efor.é, to provide a st.andby..fire
extihg‘uish'er "ju'st-. in case. " o |
" Our design criteria ‘for thé'éxtinguisher were as follows:

o It must bé effective a;gainsvt'p'aper',v”éafdbo'ar»dv,. 'Wood, or orgahic
solvent "fires (dry powder units are used fqr pny'phoric materials).

° vIt. mﬁst be simple, for untrained persoﬂs fo use

° M1n1mum préssurization of .the en‘closu?é-m\ist be requii'ed.

e The extinguishing material should not mablv‘{'e'récg\}ery‘ of rare
and ¢05t1y radioiéotopes impossible. |
- ‘With these criteria in mind, we tested_‘ca'r.bg')n’ dioxide, dry powder,

and Haion 1301 ("Freon' FE 41301, a Du Pont pr’oduc.:t) against alcohol
and »ga_s_pline —kerosene fires in glove boxes. CO2 units worked well,
but it ._wa;s difficult to control the pressurizatiqn of the encloéuré by
the COZ' Dry powder was most effectivé, bﬁt we '.fvelt that recovery of
rad‘idiéotépes from thé powder would be diffici_;.lt. Halon 1301' met all
vour reéuirements. By metering the Halon with a needle valve, we could
control the input to thver er.xcl.c;sur.e toA a fiow_that e.:.cntinguished the fire

without pressurizing the enclosure (about 4 cfm). After the fire, there

was no residue to clean up, since Halon vaporizes at room temperature.
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i

‘The next step was to devise an éasy method to inject the Halon

into the éﬁleSure‘; The idea of installing speqiai ports or attachments

to thé hdndreds of enc_losureé at the Labbrato_ry" was rejected, The

‘expense and the possibility of radioactive contamination during modi-~

fications would have been unwarranted in view of our past fire safety

record, A glbve -penetration method was adopted after a suitable
probe .hva.d‘beevr.l' designed. This probe éonsisi:.é Qf ‘a removable 1/8-in. -
diameter stainless steel tube with a sharpene.d:t.ip (see Fig. 1). The
.smail tube size, ‘although s’ﬁfficienf to carrf the needed Halon, does
not céd'sé excessive tearing of neoprene gl@)ves. ‘After use in a fire,
the prol.)evcan be removed and passed into thé eﬁclosure for d15posa1
(Fig. 2). One minor difficulty with the use of these extinguishers is

that once the cylinder seal is broken by depressing the handle, the Halon

cannot bé turned off. - The unit becomes a ''one shot! de'.vice.' However,

this should not pose any serious problems, since the unit will discharge

harmlessly until it is expended.

Radioactive Sources

'T:h‘e radiological ha.‘z.ard from sources involved in é fire ‘depend
upon: |
e Q.uqntities and types of radioisbtopes iaresent.
° Désign of soﬁrce and materials of construction.
e Location of source in a fire, including storage container and
shielding.

e Extent of fire damage to source.
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- For purposes of this report, the sources at the Lab are grouped

in‘:t_hr'ee“c_ategories: high-'le{?el, interrhe_diat'e, ‘and low-level.

Ei_gha_Level"Soﬁrces' 8

High.'_‘leive.l: ébuir&és are those that‘c'dnfa-ih' more tvha>.n‘v'0.'1‘ curie af.
vérr.ﬁt'ter’s‘or' more than 5 Ci'pv“e‘mitter_'s { ithi{'eméﬁt of fheSe quantities
of.material_s in a fire might present a Hea.lth héIZa;rd to'pérsons off-
éite). 9 of the approximately 1020 sources at the-Labératory, only 20
are in this .cva‘,t‘e"gory.b of these, four are large pérmanent or semi- |
permanent units. Massive radiation shie'lding._éurrodhds each, In
addition,  each SOL;.I'CC c.é;péule is singly or douEIy jacketed in a stainlesé
steel"co‘ntainer.’ The probabilities are excellent that these Sdurces.woul_d
survive a .large—é,cale‘fire_.} 10

Of the re_r_n.aining,'1.6,.squrces, 13 are neutron emitters (Pu_Be',v PuF,
PuLi,. ’RaBe_) ariid are en.cased in metal capsules; three dre radium-
sourcévs 1n metal capsules. Many of these‘ soﬁrces are locafed_in the
Building 72 calibration range (1océ.ted in holes .in the cement‘ floor).
Howe‘}e_f',.' since these é.re not permanent sources, they can be moved
frombuilding to building. These sources ha~ve good struétu_ral integrity
and under fire conditions the probabilities are good tilat they wouid

survive intact.

Intermediate -Level Sources

. These sources are classified as follows:

Alpha emitters: less than 0.1 Ci but greater than several p.Ci; -

Beta emitters: less than 5 Ci but greater than several hundred pCi.

€
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' ‘About 150 sources fall wi.thin trhe.s>e 1imits. Thes.e" sources, if

. eipqée'.d'té fire, would p>robably not be a health hazard fq persons off -
s}i»te_.‘.._Th_ey could, however, pose a serious health h'aéard to persbons in
the same room, such as unprotected fire fightersf Additionally, con-
. tamiﬁation of persons, equipment, and the bulldlng could be a serious
pi—oblem.. A_bop_.t 80 of these soﬁrces ére‘con'sev:g"va'ttiv'ely considered to
be dangerdus uﬁder a fire situation; that is,. théy,would have a poor
p_r.obability of surviving a fire. The remaininé__éourc_es_ would have a
good to excellent chance of surviving a firé. : 'F;ire-.l'eta_x'dan't boxes or
safes aré recommended for storing dangerousb so.urces when they are
no‘_t be_‘irig used. |

Low-level Sources

‘These sources are classified as follows:
_ ‘.Alpha emitters:. less than several pCi.
v Ilf’eta‘emittvers: less than several hund:l'éd‘HCi.‘
Ijnder fire conditions.thése sources rrﬁghf .-Cbaus‘e technical con-
tamiﬂation of people, equipment, and the buil.c}ing. | The 'radiological
hazards are ;>f a idwer order of magnitude than fér any of the other

sources. .

Storage Areas

The largest storage area for all types of radioi‘s_otOpe‘s'is located
in Building 70, room 147A. This facility inc‘lu.des a‘storagé pit, and fire-
retardant storage cabinets are being planned. The storage pit was lined

with a wooden frame, but this frame is ‘being replaced in the course of
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'alteré.tioné to the pit, An.other sfo’rage are:é.x 1s in Building,?S. Matérial
is stored ih‘removabl.é metallic tub‘es which ar.ea inserted into metallic
liners':i‘n a pit, 'Smp'rihk'lers protect this area from fifeé.

' Si‘n"a.ller‘ storage afea.s are .sca'ft'eii'ed thfoughout.the Laborétory.

Some th‘sist of Berkeley bovxes,. othez;s are 1>e.av1d’—shie1déd containers
or hélés in concrete floors, Materials ‘prvoces'.sed from the 4-ft and 6-ft
.wate'r-vshievld‘ved neutron facility are often _stor.e'd'in the rear lazy susans
of_thé. water -shielded éaves; 8 These storage areas are immune to fire
dama_,ge. Apparatus with induced activity frorh the 88-inch cyclotron
is sto_r‘.ed in concrete pigeonholes closed with ‘_l'ea.d doors. This area is
also imfnune to fire damage.

_ Massive piec-es of vdepleté'd uranium are _sto.red in the Building
75 yard amvi‘ ]éuild_ir;g 5 éhed; other p?eces a.r_e'q.sed af the Bevatron for
shiei‘ding-purpbses. What would héppen to this"r_l-'lateri‘al g_nder’fiiz_'_e
cénd%t_ions is not cleavf‘ly defined. Massive ﬁiecesv:ordinaril.y ao not
burﬁ, bt.zt'a féw exéeptic;sns hav; been néted. 1-1 -However, since the
r_elatiy'e toxicityvof uranium is low, the overall'hazard is considered

to be low..

Ventilation

‘ Ventilation wvoulc‘i.pla'y'an important role in the spread ofvcontami-‘-
nation frOm a vr.adiological fire. Contaminated smoke and hét gases
would Be e#hausted from tﬁe building, would bgwinjected- into. the
atmoéphei‘e,‘ and would then spread to the 'envi“r,ons. ‘-Kvnowledge ‘of

ventilation systems will give us some insight into the hazards involved.
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Berkeley Box Manifold Components and Filters

.'Berkeley Box‘es are connected to special exhaust sy.rstems.. These
<.:ons'is>'t'of 4-in, roﬁ-nc»l‘ducts 1e.ading' to a set of parallel exhausters on
t.h'e’ roof. The function of theée systems is to' m'éihtain draft on the boxes
at a.llv: times, If one exhé.uster should fail, a stanciby exhauster Qould
éutoﬁatically take over. Emergency generatdvrs back up P Gand E
electrical supply. All buildi’.hgsv- have all-meta_i .rrblan.ifollv_d ducts with thé
excepfion of .Buvbilding 70 (invwhich sev"erél plé,étic un:it's é.re being
phased out). |
‘ Ea'ch manifold has vit's own eiectronic cbﬁffol unit situated in its
respective room, Under room fire conditioﬁs', ‘a manifold would probably
continue to operate until heat caused a short.cir'c.uit to occur in the
control unit. No fire' dampers exist anywhere in the systefn. However,
manual dampers are positioned at the manifold for éaéh Berkeley box.
The dé.n_hper could be turned to shut off or reduce the air flow if warranted.
| Fire dampers or tempefaturéériSe fan;éhﬁt off .uﬁits are not recom-
mended for rhanifold systems, There are numerous reasons for this:
o ljréft on the Befkeley boxes is essential fovrv‘the containment of
radioisotopes. Any malfunction of the fire darr_ipers or fire thermostat
during normal operation could caus_é serious ha‘zards'.‘
¢ The fire dampers or the fire the.rmostat would have to be corrosion--
resistant. A coating ma;terial might reduce the effectiveness of the
devices.
| o vHeatks_ourc'es (hot plates, heat lérhps, and furnacés) are cqrﬁmonl-y
used in glove bo#es. Hot air generated from‘ these devices might result

in a false signal.
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) In':é,"robm fire, one would hépe that nét:a..li the glbve boxes connected
to a_manifold-would be involved. It would bé Béttér to shut off the draft
on those ﬁnits difectly ianI\}ed and rnainta.i‘n‘d‘r‘aft on all the other units,

';Cdntaminate_d air from each Berkeley box travels through 2-in,
rqliznd.'flexib.le duct té ‘a high-efficiency particulate filter and then to the
.n.lanif'olcbl.’ The flexible duct is composed of Fiberglas and neoprene
shee‘t.s laminated ovber'a‘ wire co're, ..ar,xd» then .?_'esin coated. In a fire,
'the'.re:si:n and neoprene would burn off, leaving the Fiberglas; the duct
would;‘s:t.ill be functional (see Appendix). o

The filter unit is constructed of all fire-retardant materials as
follows: |

High;efficienéy media - all ‘Fiberglas. wit':hvah,v_" ma.x1murn of 5% organic
binder. | | | | |

Sep'arat'ors, a‘sb.esto‘s.

Adheéive, self—extin’guiéhing.-

: Fra'.r.ne:.,. 3/4—in.‘ fire-retardant plyv’voo’d.

Paint, fire retardant.

| In a fire, the filter would maintain its integrity for about 5 min
aga.insf_‘air temperature up to 700°F (see Appendix). 12 Depending on
the nature of the fire, the filtgr might plug up if much .smoké were
generated, or it might bur.n through if hot embers were embedded in
the filter média. If a burn-through occurred! we could expect environ-

mental contamination,



-15- . UCRL-19465

' Hoods’, Room Ventilation

Rooms in ;Nh:ich.ra..dioi.eotopes are used arelventilated either by
hood _exhauéters or by separatve room e.xha_mstérs.' For this discussion,
We'v&ill. treat these two syé_terns alike, _vAll-me"t:'!a»‘l ductwork carries the
room exhaust to the roof, where it is discharged through a sihgle fan,
In fhe vevent of‘ a fire, any :'smoke, soot, or.radioactive contaminant -
generated 'woﬁld_. be discharged out the s't.a_‘ok. o

Fire dé.mpers have béeh suggested.to atitmhatically shut off the
flow of air in cavse of a fire, These units are.ksp‘ring—l.oaded or weighted
devices which spring'véhlit when a fﬁsihie link is hfoken. The hope is
that the hot, contaminated gases would be ffapped in the room and not
be discharged to the environs, The flaw in thls th1nk1ng is that the hot
gases would still escape from the room. The supply air for almost all
our laboratories origina’.tes from a central b_uilding fan, If the hood
ekha'.tisf wete turhed'off, the room would pressurize and force contami-
nants' i:hrough room cracké or around the door.frame. ~ In addition,
pressure buildup from the heat could shé.tter_‘ door or building windows.
These gases would then travel out the windows or through the corridors
and then throughout the building. Exhausters in "other rooms would
pick up the contaminated gases and discharge them to the environs.

Fire dampers or f1re thermostats on these other ‘exhausters might not
operate because the air temperature might th’en be below their activation
points,. A complete building-ventilation shutdown might be the only
vanswer.. This, of oourse, would give rise to many problems of its own,

The most serious problem would be jeopardizing an unsuspecting
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' rese!ar‘c_}i'e'r"s health or life if tokie vépors were beihg éenerated_iﬁ ay
hood or enclosure in ‘anoii:hérvrc;or.nx and the veet?ila.t_ieri were sﬁddehly e
tui‘nea’e.ff».” | |

Fire thermostats can also be placed in 'dﬁc':t’;s. If the air in the
- duct eXce.e.d._s al.p.reset te_mperature,‘ the fans are tﬁrnedvoff. These units
bSr t}iemseives, however, would not‘prevent coﬁtamina'ted gases from
est;:.ai)i‘ngv;v the duct weuld act like a chimney and the hot gases would be
cira.wn_ frorh the room. A fire d'a;mper would stlll be necessary, and
this would raise all the .ot.)jections listed above.

"A.c.ld.it:io'na'.l reasons whji fhe ve.ntila'tior; sjvhould‘vnof be automatically-
t'urne‘d off are éovered in Health and Safety Iﬁﬁorrﬁatioﬁ Bulletin Number
173, which ‘advise‘s, “D'on"t‘ -hesv'ita..te--ventilate}". 13 Firefighters Emig.ht
.beb<b:>1'ri.ven".6ut' of a room or building bﬁ}‘intense_he;t anci blihding sfnoke.
If a fire s'rnolldered in an unventilated room, combustible gases might.
ac.cumulé.t'e and then take off wifh ex&ilosive foree When air is introduced,
Ventilation alleviates these pr'o'blems.

W'h'ethei_‘ to manually shut off these sysfemé_ or leave them running.
is not a simple decisien to make. Obviously it would be better to confine
as mue'h,"t)f the eohtamination as possible_.ven"-‘si'te"rathe'r than spreading
it off.—_.sfi‘te. This meaﬁs turning off the Tvvenytilafior.l as soon as possible
after. a fire is detected. However, this is e situ_atioh for which no firm
poliey ,s'hould.be'ma.de. Only responsible persons at the scene of the’
fire who have participated in preplanned action should make this decision,
Under.certain fire-fighting eonditions, it might be wiser not te shut

off the fans, in order to clearvaway smoke and hot gases.

y
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We have seen from the above discussion that 'i't.,wc')uld be almost
impos sible to prevent radiological contamination to the environs in

case of a serious fire, A possible solution to this dilemma would be

_to ihsfcall fire-retardant, high-efficiency filters on the roof for all

sta;:k-eﬁil;lausts. " If the gove-box filter burned through, or ‘if coﬁtami-‘
ﬁated »gas‘e'sv"\.)vere‘.discharged throuéh hood or .;‘oo'xin exﬂausters, these
filter units would act as the final clean-up devices. There is much
merit in this suggestion; however,. the initi.a;l' invev_stment would“be hligh.
Additioﬁally maintenance and upkeep would be viéxpensive. Money-

would be better spent on the installation of sprinkter systems. 1.4

Sum'mar}f

.Sin'c_e 1961 the Sa.fety Services Ijepartmént has pursued the problem
of fire haiards:' in‘.vradivéi.sotope arezlxsx. During this 'perio.d vglov‘e-box
cdristru@:tidh ﬁatériéls and cémp'énent parts ha_ve been fire-tested and
modified. The .final pfdduct is a covmpromi'se BefWeen the demé.nds for
fire safety and the flexibility required for a reséaréh-oriented_institutioii.

. Fire extinguishéfs for glove boxes were t‘ested and one w.as
se.lect_é_d épd modified for usev. This unit does‘ not cé,u'sé adverse pres-
sﬁrizati’on'of vthe glov.e.bvo'x, hdr is féCox.rery of rare radioisotopes
hindered. |

| _ VF'-YGlove -box ventilation appearé to be satisfacvtoi-y for fire.safety.v
However, ventilation from radioisotope:areas may spread contamination

to the environs in the event of a large-scale fire. Ventilation systems

should not be automatically shut off withbxifc careful preplanning that
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'takes.the'cvonsequehces into cons.iderati-on.. Sp'rink_ler systems aré
rec.:‘ornme_nded'bf‘or‘ high-fire-risk areas.

‘R.a_diois”otope’ s'torége areas_gene}rally are sativsfactoryb. .Some
soﬁrces,. howevevr, are vulnerable to fires and‘ when nof in usé should

be stored in fire _—re,tardant boxes.
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Appendix: Fire Tests

Fire Test: Internal and External Fires

Box construction. These tests were conducted early in January

- 1961. The pufboée was to test the destructive effect of fire inside a

standa;‘d plywbod Berkeleky‘box ahd inside one.cc}.n_st.ructed of asbestos-
nf.lilllboa‘rd (.1/8-jin. asbestos millboard laminated on each side of 1/2-in,
plywaéd),:' | |

Box No. 1 was the standard ;‘)l'ywood‘bo#_.. |

Box No‘. 2 was the asbestos millboard box_.' .

In-the early po‘rtion of thé tests, difficulty \.yas'expevrienced in
trying to maintain a fire i’ﬁside th'eje.nc.losure _(s_ee"Fig'. 3) The low
air fléw ra.fe used (5~-145 cfm) v;)as vinadequate‘_.t"o keep a fire burning.
After several falseﬂ starts, a fire was sust.a.;irl‘lved‘ by partially opening
a side -d‘c)o'r.oh the éﬁcloSure, and’ thus increasﬂin.g the air flow.

Res'ults of the test are $h6wn 1n Figs. 4 a.nd 5. The asbestos -~
millbéara box was almost infact.

vr’_I‘hereafter, external f_ires were started ‘o'n-_each of the boxes.
The résvults are shown in Fig, 6. |

éo.nc lusions:
1. Undér normal air flow cén&ifiéhs (5-15 cfrﬁ), an iﬁte‘rnal box .
fire could not sustain itself. |

2. An internal or external box fire did not materially damage a box -

- constructed of asbestos millboard.

3. The box gloves were destroyed in an external fire.

4, The safety-glass window (box No. 2) was damaged.
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Fir_e,Test.: Filters
Filter un_,i.ts were used to vehtilate the glov'e boxes in the first
fire tests. Figure 7 shows Filter 1 (upper) used _Wifh box No, 1-- |
standard plywood; Filter 2 (lower), used with b_éxi No, 2-—asbeétos—
mi_l__lboard. |
| v.Note that the interiors of both filters appear to be in good shape.
DOP filtei‘ testing was not done, since the eqUiphient was not available

at that time.

Fire Test: External Fires

-Théée‘ tests .wer_ev conducted during the 1a't‘11:veir part of Janﬁary 1961.
The purpose was to tre'st{'_i)oxv—s“h‘ellx and window irna.,t'ex.'.ial’ag'a‘inst external
fires-._.l |
.'I‘_.he' test boxes were aé follows:
Box No. 1: Sfandard plywood constvlv'uvcvtion; unfrarnea Islexiglas §vindow.
Box Nbv. 2: Asbestos-millboard (1/8-in, asbestos-millboard laminated
on ea.ch side of 1/2-in. plywood), metal-framev.d. élexiglas ‘window,
Box No. 3: -Fuil—view box, constructed of asb.e:stos millboard.
The sequence of events is sﬁown in Figs._b 8:and 9. Note in Fig.. 8b
that fhe .rﬁbbér gloveé ra‘pidl'yAignited and formed thé first'-l')rea;c':h-. in tﬁé
| enclosures. Note in Flg 9 that the surface of the Plexiglas windows
ignited.
Figure 10 shows the results of the tests on thei standard plywood
box, the asbestos-millboard box, and the asbestos-millboarci full-

view box.
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Conclusions:
: 1 »R'ub_ber gloves were the first component to fail;
2. Pléx.igl'as’_-wind_ows‘burned on the surface (boxes 2 and '3) but did -
not burn through aft,er_ 20 minutes' exposure to. fire, » |
3. The meté.l framé around fhe Plexiglas wi#dow 'waé of _s‘ome aid in
prevénting the edge of the window from catching fire.
v 4 Asbestos-millboard construction was far ué\ipe rior to plywood

under exposure to fire.

Fire Test: Top or Lighting Window

Various top or lighting window .materi.allsz"wiere tested for fire
exposﬁ‘re (Fig. 141a). These were
1/4‘-in, wire glass,
1/4-inf Plexiglas,
1/8-in. Plexiglas and 1/8-in. Pyrex,
- 1/4-in, safety glass,
.W.ire -glass window (Fig. 11b) held up best. It cracked,' but it

maintained its shape. All other materials cracked or bowed much more.

Fire Test: Plexiglas Windows

Two types of Plexiglas were tested for fire exposure:
Type G: ordinary Plexiglas;
"Type 5009: Fire-retardant Plexiglas. See Figs. 12 and 13,

'- Conclusions: ‘Both types of Pléxigla.s _bur‘ned completely thrdugh.
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Fire Test: Flexible Tubing

'I;hé'-flexible tubing ‘(neopre;ne—lFiberglas_v lami‘.nate over wire |
cdm’rolut‘ion’s,’ and resin COated) used to ventilate glove bexes Was eacp_osed
to fire, as shewn in the far right-hand side of Fig. 12. Results are
" shown OnFlg 14, b
.vConcluvsi‘o'ns: The resin burned off, expdsing the Fiberrglas, but

the duct retained its shape and functional capacity.

Footnote and References

Work done under ausplces of the U, S. Atomic Energy Commission,

1. Atomic Energy Law Reports, No. 727, May 23, 1969, Commerce
Clearlnghouse Washmgton D. C. : - )

2. Plutonium Fire Outside of Glovebox Leads to $30 000 Contamination
Clea.nup Cost, Serious Accidents Issue No. 264, United States Atomic

Energy Commission, May 13, '1966 | \

3. Fire Durlng Glovebox Cleanup Leads to $23 000 Damage via

Contam1nat1on Spread, Serious Aec1dents Is s'u_e. No. 269, United States

Atornic Energy Commission, July 8, 1966.

4, Evaluation of improved Fire Resistant Gloye Materials .for Gloveboxes,
Factoryt--Mutualv Research Corporation, Noa'wood; Mass. , 19697 _ &
5. Giovebox Fire Safety, Factory Mutural Reseafc_h Corporation, | |
Norwood Mass , 1967. ¢
6. W.. D. Ph1111ps, Use of Asbestos- Mlllboard Surfaced Plywood

Panels in Hot Laboratories, Lawrence Radiation Laboratory Report

UCRL-10180, April 1962.



9

~

-23- . UCRL-19465

7. Gl'oveboﬁ Window Material, Factory Mutual .Research CérporatiOn
TID-24896, 1969.

8. Pé,triék W. Howe, Thomas C Parsons, and Leonard E. Miles,
rI;he Watér-Shielded Cave Facility' for Totally Ehclosed Master-Siave

Operaﬁdﬁs at Lawrence Radiation Laboraf:dry, VUCRL-965 7, Oct. 9,

;1961.

.4 9.. Herbert P. Cantelow, Hazardous Quantities of Radioisotopes in

Case of Fire or Catdstrope, (Lawrence Radiation Laboratory), unpub-

lished communication, 1966.

10, Patrick W, Howe, Joseph E. Rainey, and Harvey F. Soule,

Inspection of a Fire-Damaged Source, Lawrence Radiation Laboratory
Report, UCRL-92714, June 29, 1960.

11. R. B. Smith, The Fire PrOper‘ties of Metallié Uranium, Technical
Inforfnation Service, Atomic Energy Commiséion, Washington, D. C.
12. J. L. Murrow, Effect of Fire Intrusion and Heat on HEPA -Fivlter

Units, in Proceedings of the Ninth Atomic Energy Commission Air

Cleaning Conference, September 13-16, 1966, CONF 660904, p. 96.

13. Don't Hesitate - Ventilate, Health and Safety Information, Issue

No. 173, United States Atomic Energy Commission, November 7, 1963.

‘14, Could Sprinkler Protection Have R_educéd This $200,000 Radio-

‘chemistry Building Fire Loss?, Serious Accidents Issue No. .175, '

United States Atomic Energy Commission, April 5, 1961. |



=2~ UCRL-19465

FIRE EXTINGUIS
FOR

LOVED B

Fig. 1. Glove box fire
extinguisher,.
(XBB697-4673)

Fig. 2. Extinguisher
near glove boxes,
(XBB697-4673)
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Fig, 3. Setup for fire tests, internal fire just started. (Health Pro 805)

Fig. 4. Standard plywood box after internal fire. (Health Pro 812)
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FIRE TEST
BOX"2

Fig, 5. Asbestos-millboard box after internal fire. (Health Pro 803)

Fig. 6. Asbestos-millboard box (left)and standard plywood box (right)
after external fire test. (Health Pro 811)
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Fig. 7. High-efficiency filter from:
(upper) standard plywood box, (Health Pro 815)
(lower) asbestos-millboard box. (Health Pro 816)
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Fig. 8. Box 1: Standard
plywood construction,

unframed Plexiglas
window

(upper: Health Pro 818)

Fig. 8. Box 2: Asbestos-
millboard box with metal-
framed Plexiglas

window

(middle: Health Pro 821)

Fig. 8. Box 3: Full-
view box constructed of
asbestos -millboard.

(lower: Health Pro 822)
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(upper: Health Pro 823)

Health Pro 824)

(lower:
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(a) Health Pro 827

(b) Health Pro 826

(c) Health Pro 825

Fig. 10. Results of external fire on (a) standard plywood box, (b)
asbestos-millboard box, and (c) full-view box.,
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Fig. 141. Lighting windows after exposure to flames: (upper: Health
Pro 836) various materials, (lower: Health Pro 837) wire-glass
window.
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Fig. 12. Front window
test:

(upper: Plexiglas G,
Health Pro 839)

(middle: Plexiglas 5009,
Health Pro 840)

(bottom, Fire sequence,
Health Pro 841)
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Fig. 13a., Plexiglas G window. (Health Pro 842)

Fig. 13b. Plexiglas 5009 window following test.  (Health Pro 843)
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Fig. 14. Flexible tube after fire test. (Health Pro 844)
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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