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LEAD INDUSTRIES ASSOCIATION

To Mambars of the lead Industries Associstions

430 LEXINGTON AVINUE

NEW YORK 17, N. V¥,

Jamurry X 1952

8UBJT Ty

IABORATORY DESIGY

FOR HANTLYNG RADIOAC TIVE

¥ATERIALS

The Atomic Pnergy Commission snd the American Institute
of Architects co-sponsored & meeting for the purpose of revi
laborztory design for handling radiocactive materials in light of
The meeting, conm
ducted by the Builcing Rveearch Advisory Board, was held at the
National Acadexy of Sciences, Washington, D.C., on Kovember 27 and

tho intreascd cormercial use of radioirotopes,

28, 2951

The following are abstracts of the papers presented
with emphaszis on points brought out involving the use of lead,
and therefore, may dbe of interest to members of the lead Ine-

dustries Acsociation,

_ Very truly yours,
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ARCHITECTURAL INTROITCTION TO RADIOCHEMICAL LABORATORY LAY-OUT = A, D, Mackintosh,
Oak Kidge Fational Laboraiery

The derign of processing buildings and lsboratories snd the planning of
large plants for handling radicsctive materials is ona of ths newest fields in
architectural erdeavor, Facilities for handling such materiala fall into two
pain cateporiess (1) High leval cheaical process plants requiring plant scale
equipment and heavy tulk shieldirg; (2) Laboratory facilities in which smaller
quantities of rediosctivity are handled for purposes of anal cortroly
developmunt vork in the use of isotopes in general industrial, sgriculiural and
pedical applications; or develomment work st Atomic Tnergy Coemission sites, The
design and construction of radiochemical laboratories is nmot vastly diffcrent nor
more costly than that for a standard chemicsl labtoratory, Precise handling of »
few new factors and greater sttention to detail are the majr requiresents, Pure
slpha and beta emitters can be easily shielded against but offer s serious hasard
if thoy enter the body because of their grester ioniration potential, Carms exite
ters requirs shielding to protect the operstor from radiation but are less hasard-
ous than alphe emitters 4f lodged in the toCy, In addition to providing biologle
cal protection, laboratories must be designed to minimive background radiation to
which sensitive experimental radistion 4instruments are exposed, .

Five general levels of activity may be encountered in commercial {astale
lationst (1) less than normal background (special radistion instrunentation),
9 (2) normal background, (3) low activity ("tracer” .ork dealing with cicrocuris
anounts of beta and garr.a activity), (u) alpha activity of varying intensities, and
(S) xiddle leval activity where research work of s Swarm® pature is carried on
(millicurie amounts of beta and gamma rsdistions), '

W{Aicurie amonts whon handled in =2all quantitiss rneed not ircreass
materially the complexity of laboratory lay-out, All that is required is close
atiention to detoils which are commonly used in handling chemical toxic saterials,
Potential spread of sctivity cust be reduced by avoiding the placement of "hot®
facilities directly adjacent to ®"colid® facilities, If this cannot be avoidad,
sufficient shielding will be needed between the areas, For biological protecticn,
shielding shouid be calculated to give a total irradistion st the surfoce of the
shield of 6.5 mrep/hr.

A Flexibility 4s of utmost importance in dbuilding lay-out and location of
laboratery equipment; far more essential then in rormal incdustrial practice, JFor
handling low sctivity levels such 38 in ®tracer® work it is found that very little
prorision must be nade for these laboratorics beyond that normally used in ary chea-
scal facility., For middle activity levels, the arocas where radioactivity 1is handled
must ta {solsted nmainly to provice for centralized waste gas ané liquid hsndling
focilities, locsl shielding {n the form of lead brick enclosures (ususlly 2® x L°®
. x 8% bricks) serve this purpose well, High level activity requires shieldirg of
] bulk or genersl caterisl in sddition to the local shielding, 7This general shivlde
i{ng mxy take the foim of & one or two foot thickness of solid concrete tlocks,
1 usually L* x 8% x 16% In ar-as for alpha operstions, glove boXes should be used
to prevert {nhaling or ingosting particles having this type of radistion, Most
shields ere tuilt to provide 3 radiation level of about 6,5 mr, per hour at the
surface of the shield, Alphs radiation requires essentially no shielding. Beta
radistion requirms only thin plastic shielding less than )} inch thick in all cases,
Camza radistion requires rore massive shielding thus necessitating excessive floor
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loading 4in laborstory design to allow for the weight of saielding, Ilaborstory fure
niture must also be designed to carry unit shield loads, Somewhere between 1,500
and 2,500 pounds of lead may bs stacked in an average hood,

1 tandard berch tops of materisl sizdlar to Chemstone are normally quite

scceptable, Some operaters prefe~ tops of stainless stesl, Roods can be buiit of

8 variety of msterials which should be protectid vrith a coating of a satrippable

® nature, Laboratory sinks may be c¢f ®Alberene® ir 3tainless steel, Ducts froma hoode

i for low activity levels can be brick, imn or galvanited and coated with s suitably
coyroning resistant organic costing such as the mumercus compound vinyl coatings

} svailable on the market. Stainleis steel ducts are not necessary.

Process wastes are collected froa al) fScoX!® drain lines which have been
chiefly of lead or Duriron but acceptance is becaming more general now that they may
be of cast iron or even galvanised so long as Duriron traps are provided, lLiquid
: waste ir the ®hot® drain line should always be of strinless steel without traps bee
csuse of the build-up of activity shich would take place at this point,

] In sucmary, the factor of flexibility 4s of utmost importancs, The tech=
?
1
i

nique of using radicisotopes i3 new and concepto of spplications of redicactivity
sre ropidly changing., Site lay-out and laborztory decign, therefore, must be suf-
Ciciently sdaptabls to changing idess,

AN

e AIR SUPPLY AND FXHAUST IN IABORATORIES HANDLIAG RADIOACTIVE MATERIALS = Carlton P,
Roberts, Voornees, 'alker, Foley and Seltn,

Installations which do not anticipste handling radicactive materiasls sbove
Stracer? lsvel can operate satisfactorily with conventional hood systeas with pro=
vision for ultizsis local filtration when, or 1f, required,

Standardization of design is parsacunt and the modular system of laborstory
design lends itself most resdiiy to atandardization of all Zarilities including veo~
t4lation, Modular design provides completely repetitiva conwtruction on a small
unit baszio, Each module or unit has the sanme structure, suas electrical system,
plumbing system and air handlirg system, The service xazins and supply and exhaust
duct systems must be designed to serve 8 cosbinition of modules, MNany laborstories
are currently being dezigned so that the air flows from all clean 2reas of the labor-
j atory space and thence out through the hoods, Filtering of this finsl erh-ust may
: be accomplished with Chenmical Warfare Service type filtsrs or other dry filters,
Occasionally, the exhaust duct work azy be washed down to removs entrained radio-

sctive particles,

The supply air oystems are usually constructed of conventional materials,
principally galvenized iron, Stainless steel has beern utilized to s great extent
for exahust sysicms in iaboratories of this type although {ts use is difficult o
Justify, Golbestos, lucoflex, Uscolite, Careyduct, aluzirum and other materials
offering resistance to corrosion 3f various vapors have been veed occasionslly, Ia
some instanccs vhere dilution was extoncive galvenized fron has been utilized, Where
8 underground oasonry ducts have been utilised, corcrete with sand without Amsrcosting,
vitrified tile, and acid brick lined concrete ducts have bean considsored tdequate,
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CONTROL AND SHITLDING OF ISOTOPES IR RADIOACTIVE IARORATORIPS « Nelson B, Garden,
Urdverslty ol Calilornia Radiatlon Laborotory,

The shielding and control of radiocsctivity srparently has been shifting
froa the *Dilute, Disperse and Decontaminate® (DPID) philosophy or the passing of
econtaminstion from ons ares or group to another, to the ®oncentrate and Contain®
(CC) philosophy whereby the material 18 entrapped once and for all at the cutset,
Adherents of the CC philosophy prefer the ultimats reduction of radiosctive con=
tamiration sreas to the glovo or manipulstor box, Such baxes are usually lead lined
to protect the operators, the thickness of the lead dependirg upon the ectivity
level, They sr equipped with glcve parts (low level activivy) o= remcte contrecl
devices (high level), Cbscrvation of the aperations is through specially cozpounded
leaded glars, In certain cases; lesded glass windows up to 36 inches thick are used
consisting of l-in. plates of glass separated by a liquid =edium having proper op-
tical characteristice, Ventilation, air filtering and waste disposal probleas are
specia) contyvl factors of the CC philosophy,

At paza radiation energics up to five million clectron volts (mev), # in,
of lead shielding will reduce the radiation intensity by one<half. Shipping containe
ers, as a rule, rrovidc about 23 in, of lead shielditg. The dansity of special lead
ed glass windews with liquid interlaycrs ranges froc 4/10 to 7/10 that of lead,

COMPARATIVE SEIELDING REWIRDMENTS

Alvhs Beta . Oamas
Alr 35 cm 3N ea ‘Infinite i
Water 0,00, ca 0.05 e 10 ea (1 nev)
T cn éz.s maY)
Aluximm or No Fenetration Mo Penstration 4 et (1 mov)
Carzrete 6.5 ez (2.5 nev)
Lead . . . e 0.85 ca (1 mev)

1.5 cam (2.5 mev)

SORFACTS MND FIMISHES FO2 RADIOLC TIVE JARORATORITS = James O, Terrill, Tublie

Fealisn Sesvice.

T™wo zain schosls of theoucht influcnce the selaction of meterials for sur-
feces and finirhes of radioactive laboratsries, One nrefers to use cherp materials
wich may be frejwontly discarded end cherply replaced such as strippadble costings,
The other favors the use of impervious surfaces which can bo cloaned, rcadily de-
contaminated and re-uscd many timos,

In above-grade installations, high quality vinyl or rubber sheeting #aad
ssphalt tile with rcgular tile cemrnt provide ortisfactory flooring, Liwleum
instnlled with water-proof cczant is alno satittactory where relatively diluta core
resives will be urod, For on-grade {nstallaticns the only satisfactery flnoring
scurs to be greaso-proof arphalt tilie in=tatlcd with a heavy costing of raglar tile
covent, Clcaning or mrving pisster or tils walls or portitions goncrates Cust which
is particularly undesirable wshere radioactivity is pre.ent, This has reculted 4n
liniting rocommundations to the application of spacial air-dried coatings to conm
crotr, wood and cetal surfeces and to pro-finished partitioning,
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A suitadble wall consists of concrete block bases covered by two coats of
Pruf Cost, Anercoat, or their ecuil, covered Uy a special coating of strinper base
over which s peslable surface msy bo sprayed in arvas of potential contamination,
Ordinary paint finishes are generully too porous where contamination is possible,
Masonite, plywood and metal sheeting can all be trested with dec~ntominable paints,
stripper base and strippable coatings, Strinpedble coatings in solvent carriers are
generally applied with spray guns, They have vingl polymer basss and conpsrable
ckomicsl rezistance with viny) paints,

¥eny of the oldar lsbaratories designed to handle radicactive $sotopes
{nstalled stainless steel.bench tops, Now both tests and axperience have shown that
othoer and more e3sily obisinable miterials cu, be even Letter, Some stainless stesl
bench topr have becone stained and rough and difficult to decontaminate, Kewver
materiale include Alberens reotected with a non-porous surface material, teflom,
porcelainised metal and polyethylens sheets, Staiiless steel docs hrve the advene=
taze of being mare resilient and less rigid and can be fabricatod without sharp
corners, thus facilitating clsaning,

DISPNSLL OF RADIOACTIVE, WMASTYS = E, C, Pitter, General Tectiric Co,, Schenectady, K.Y,

Two broad policies have been advocateod for the disposal of radiocactive
wastess (1) determination of the redicactivity of the waste solution below an are
bitrary level and dispersion into a large volume of water (DMD philosophy, see above)
and (2) concentraticn and confincment of the activity, ultimat disposing of it by
burial in wasts lan“a anc in the ocean (CC philosophy, sea above),

Yo ture-esda radicactivity has always boon present in normal ground waters
and other matural materials, An adbundant e of bota ectivity 48 potassiua due
to tho prescrce of 8 radicactive isotope K40, Therefore, vegetasle and anical iissus
furnish & surjsising amount of razioactivity bocause of the X coatent, Carbon 1k,
a radicactive isotope of carbon, is evca morec coomon, ¥It i3 evident, then, that
we live in & sca of low level activity over which wec have mo control,*®

Ary type of radioisotopes can be buried in the earth if 1t is dilutod with
8 non-radiolsotope of the same clcment, in the sasc chamical form, Tho burisl is
made in suitnbly scloctcd arcas end at a minimum depth of 5 feot, Radioiodine say
be discharged into tho main scuer provided that it be discharged concurrontly with
potassiua fodide ro that the radiciodine will be diluted to 10 ricrocurics por liter,
Radiophosphorus may by discharged 1nto tho scwer ;rovided thet 4t is diluted to 1/10
micrecurie por liter with stablc phosphorus as phosphate, In cach casc, apprepriste
radiation survcys must bo carricd out before re airs are rady o the hing and
disposnl asficts to the main scwur, Of courso, tho scwage must not onter diroctly
into the frosh watcr systoms,

Radiocarbon may bo exhaustod {nto the air provided that no parson shall
bo cxposod to the inhalation of air containing grcater than .0l microcurics por liter
and that particulate patter be filtercd froa tho cxhaust alr, Bots and gaxa activie
tios may be disposcd of in alkaline flushes not to cxcced 5 microcurics per flush
and 50 microcurios por wook, lany radicactivc clomonts ¢an bo jrocipitatod eithar
alonc or clong with closoly rclatcd olarants and coagulatcd by the ferric hydroxide,
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Ion exchange is another approach that has been uscd, In genersl, thres
types of ion cxchange media aro svailable: treolites (natural and synthotic); ocid
treated coels; and synthotic resins, Proliminary experiments show that individusl
radicactivo elaments and varicus mixtures flowing through combination of cation
and anion exchange rosins could be completely removed from solution,

& third method, that of evaporation, has proven to be the most effoctive
systca of separating radicsctive matorial from laboratory wastics, The evaporation
systom now in ure at the Knolls laboratory consists of a flash pan, circulating
puzps, heat axchangers, separating tower and condonsor, Tho cost of evaporation,
including cverhcad and amortisation, is about )1 conts per gallon, laboratory come
bustible caterinl such as waste paper towcls, strippable coating, clothing, ctc,,
is charged into an incinerator and burned in an oxygen enriched atmssphero, Com=
bustible gasca er: pasicd through & wet scrubdber, giass wool filier and Chomical
Warfare Service filter,

Proceodings of this mceting will be publishcd along with {1lustrations and
discussions at sonc future date by the Building Rescarch Adviscry Board, National
Acadery of Scionces, National Rescarch Council, 2101 Constitution Averue, X'/,
Tashington, D. C,
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