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i. LEAD SHIELDING BULLETDN Wo, 3

To Nembers ¢f the Lead Industries issociations

Attached i3 a reprint of the chapter on redistion protectiom
from the Lead Inlsstries Associationtp bock "leed in Modern Industry,®
Some revisicns and corrections have been rais oa the original publicas
tion, and the reprint orw represents current practios ia rediation proe
tection sgainst Loth muclsar rediation and x-reys, Practical eonstruoe
g tion techniques are also indluded in the sestiocn under x-ray protectim,

Additional quantities wp to ten may be chizined free of oharge

fream the Asscclation as lrng a3 our supply lasts, Larger quantities may
be had at 10 oents per ocpy,

Yary truly yours,
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Radiation Protection

Tuxrmdm:ummwmu
. the problem of controlileg the powerful rays emlited during
starale disintegration. Basically the problam of peotection from
those rays i the samne a8 from X-rays and radium. Techniciame
have for mary years known the hazards [nvoived and they have
workad ot severs! metheda of protection. But while today’s
radiaticn problemas are similar, they are far more significant both
bicause of the wider use of radicactive materisls and the pe-
tentially grester intensities to be worked with.
The various types of rays—alpha, Deta, gamma, pDeutron—
differ chiefly in their ability to penetrats and icuize matter. It
is the latter characteristic which injures living tissue and which
must De guarded against The alpha particle is a positively
charged heliurm mucleus which Is completely stopped by S or ¢
Inchas of alr or & plecs of paper. Beta particles are high-speed
dectrons of varying enerries Ia genersl, they produce Jems
] fonization ln matter than alpha particies but are more penetrat-
4 ing. Most common substances such as 1 in. of wood will comne
, pletaly absorb bets rays. Gamma radistion oa the other hand
1 bas great powers of penetratica. High energy gamma will act
. be wholly ateorbed by even a foot of lead whils lower energy

gamms may be salely absorbed by A in. or leas of lead Camms
3 rays produce large scale lonization by a secondary process, that
) fs, the gamma ray first produces a bigh-speed alectroa and this, in
3 tarn, produces the jonization. Neutrons emitted by the cyclotrom
and the atomie pile are utcharged particles which will also lonlse
certatn material indirectly. Neoutrons are classifed according te
their energy levels a8 very fast, fast, alow and thermal, the
last baving the lowest eoargy level
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Tha dangers of exprsurs to radiation are clamified into twe
soparale categories: Internal and extermal The {ormer (s pri-
marily 8 hyglens and medical problem and because it does not
{nvolve shielding as such it will not be discussed hers, External
radiation comes from a source outside the human body such ae
an X-ray tube, cyciotron, radium or radicective samples. Protes-
tion againat external radiation {3 a question of ahielding the body
from the rays, keeping & asfe distancs away from the rays, and
limiting the time of exposure to the rays

In shielding aguinst peutross metallic eadmiure or a hydroge
oous material such a3 water or paraflia is generally used. Howe
aver, bocause grmma Tays Are emiticd when the beutrons are
abeorbed, it Is still mocessary to provide a protective shield of
jead The use of protactive shielding ls identical in all cases,
regardless of the type of ray, Lhe thickness of the shielding de-
pending upon the peoetrating power of the rays.

The first consideration ia prevenling penetration of rays Is
density. Lead enjoys the sdvantage of being the densest of any
commonly available material Where space is at & premium and
utmost radiatioa protectioa is paramount Jead is alwaysy pre-
scribved. Apoiher advantage, particularly ia shielding neutrons
and gamma rays, is that lead does not become coataminated.
It may be used coatinaously without fear of itself decoming
radjosctive and emitting ita ows harmful rays. For this reasca
it is important that lead specified for shielding purposes be free
of alloying elementa, particulariy thase which may become redie-
active upon exposure W high eneryy radistion,

Being a metal, lead has sa advantage over various axgregate
materials such as concrete ia that a uniform density la guaras-
teed throughout. In addition, becsuse its surface {s smooth It
cannot become conlamizated with dirt or other material which,
in turn, may become radicective. Oftentimes where exception-
ally high energy levels are being shielded and where the concen-
trated load of the quantity of lead required would be prohibitive,
a combination of concrete and jead has been employed The lead
may be sandwiched as & sheet between layers of concrete or may
be used on either side of the concrete. Lead cast or extruded iate
bricks has proven especially useful in atomic shielding because
the bricks caa be easily moved Lo areas where special temporary
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RADIATION PROTECTION ]
shiclding is nesded and can be buiRt up (o any thickness or placed

wh e

=)

In stomie reactors or “piles” operated by the Atomic Energy
Commission, cadmium, Jead, concrete and distance are used to
protect operating persoanel from exposure to all types of danger-
ous radistion, chief among these being neutrons and gamma
rys. Nestroos escaping from the cranium section of resctors
are sbeorbed by a thin eadmium shield. This absorption casses
the csdminm to emit gamma rays which are ia turn stopped by
a lead shield. Thus personnel during the loading and unloading
of atomie fuel are protacted from pegtrons by the eadmium and
from gamma rays by the lesd

12 one type of reactor a 4 ja. shield of Jead cadmium alloy sure
rounds the reaction ares and fita snegly Inside a concrets shield
8 fL thick which encases the entire reactor. The lead-cadmium
alloy protects the concrete from direct exposure to nevtroms aad
mmma rays. As extra 1-fL shield of Jead bricks ls Jocated oo
top of the resctor to compensats for the alesnce of concrete.
‘The thick Jead shield at the side and botioem ls constructad with
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Internal eopper tublzg for circolating oooliag water to remove
heoct senerstod i the shisld Itsel! and the exterior of the reactor
chamber,

A cclumn made of graphite bricks extends Into the heart of
the reacior to provide & path for therma! and slow neutrons. The
end of the ¢oiuma prutruding throush the oulse concrets shisld
is covered with a cadmium curtaln azd a 2-ft. }¢~d and lrom
icid In which an $-In square opening la provided for accesa

Tre £rst uranium-graphita reacior, broeder of the original
Atom Bomb, locked lixe a windowiiss two-gtory square soncrets
building, 80 1. wids, 82 ft. Joog and 21 ft. kigh. On ths sides of
this early reactor concrete alcs was depended upon for protee-
tica. The top of the pila was pared with 8 {n of kaad, totalling
about 185 toae On top of the leed was an additions! layer of
¢ 1t of solid wood Resting on this thield was o smell experi-
mental ladceatory in which operating personsel worked, secure
in the trust that they were balng protected from the tremen-
dous snergy being genersied benasth theem by the ¢-ft. layer of
wood azd 6-ia layer of Jead.

The table givea below prepared by the Natiosal Baresu of
Standards may be used to determine the required thicknesses for
shieldirg from gamma ray sources Ia the laborstory. To use the
table select the columa for the energy required (use mext higher
i axact value is pot gives), The entry gives thickness in contd-
meters of lead for different source strengths at 1 meter for §
hr./day o give §0 mlircentgens. Thea 8dd algebralcally the
correction terms for other working ranges or times te obitals
the shield thickness required.

Example: Shield is required for the manipulation of 800
millicuries of radioactive material emitting 1.8 million slectron
volta (Mev) gamma rays at & mlaimum working distasee of
30 e, and for & hr.sdag.

Shisld thickness=8.60+277-129=998 cm. of lead
D ) (@
ia whish

a=basie entry.
b = correction for danger ranges=§0 cm.
e=oorrection for & hr./day.

RSN
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RADIATION PROTECTION 1

Some common spplications of 1sad [n the devalopmaent of atomle
spergy and in the Randling of radioactive materisls Incindes
Jead bricks (Interlocking or ordinery rectangular), lead plates
snd castings, “hot” lsboratory table and eink tops, storsge
carrying and ahipping contalners, lead rubber gloves and aprons,
lead glass aprons, leud glass windows, Geiger counter tube ahlelda,
1oad shot, Jead sheet sheathing, Jead headed nails, Jead plywood,
Joad lined cindsr blocka, lead safea, and so o

X-RAY PROTECTION

' X-rays are widely used both by the medical profemion and
by industry, Sincs these rays can causs phyuical damage to per
sons exposed Lo thes it s Deceasary %o enclose X-may geasrating
uaits {3 chambers made of of linod with g material which 1s re-

: sistant to X-ray penetration. Since the impermeability of the

B shiclding material ls & function of ita deraity, lead, which fs the

{ densest commonly available material, will give the greatest pro-

H tection per unit of thickness. Lead is the least bulky and usu-

! ally the lightest and most sconomical material for soch shislding. 1

Although certain types of X-ray machines iztended for pro- 1
duction line operstion are seif contained (n lead lined eabinets :
with sutomatic coatrols to shyt off the course of power before

the doors can be opened, a general X-ray departmant usually re- 1

quires the provision of a lead lined room. Such a rooes mast be

carefully planned and constructed with the lesd lining of saff- 3

cient thickness to keep the exposure of persons ls its viclalty

below safe tolerance limits. The principal factor in detsrmining
the proper thickness of lead lo, of course, the {atemsity of the

X-rays 20 be generated but consideration must also be gives to

the cumulative time of operstion during the working day, the

distance of the operstor and other persons cutside the room E

e e mam s e

from the X-ray tube and the generation of scattered or secondary R
radistion given off by objects ia the path of the useful beam.

The intensity of the rays is a function of the voltage improssed 9
oo the tube and therefore it is customary te use voltage a8 &
primary guide [n selecting the proper thickness of jead required
for X-ray protection. As accompanying chart gives the thickness
of sbeet lead protection recommended for installations of various
voltages and correlates thess recommendations with commesreial

o S O
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'RADIATION PROTECTION 18

thickness of shect Jlead. Having selected the proper thickness of
shoet Jead, the principal feature to weteh in obtaining effective
shiciding is to ses that 0o even minuts space exposed to the rays
§a left unahielded. Thus no screw or nail holes, witA or without
«crewcs or nas in them, or cracks around doors are heft without
being completaly ahut off or shiclded by lend.

LEAD SHIELDING CONSTRUCTION

There are a number of methods of aprlying kead for X-ray
protection. Severa) special devices Incorporating lead are avalle
able for wall construction. Thees Include shest lead bonded at
the faciory to plywood, wall or other board materials on one oe
beth aldar with special lead covered sirips for covering the joints
aod spocial lead beaded nails for securing the material a place.
Anathar device is 8 concrete or gypsum block with an unpers
forated sheet of Jead anchored at its center. The two halves of
this block on esch side of the lead are about 1 in. off center so
that their edges are offset by that amount. The abest lead, howe
ever, extends Lo the outer edge all around. Thus when a wall is
built ap of these blocks, the lewd ia ocne block overlaps that ia
all adjoinieg blocks by 1 {n. and provides a continucus jead lin-
ing. Other special devices include Jead-lined doors and leed-
covered windows glazed with glass coataining s high percentage
of lad,

If soch special methods are not used, there are & number of
ways of applying sheet lead Unings, all of which are satisfactory
and the choice of which may depend upoa the type of construoe
tica and other installation couditions. Some of thess methods
are descrided here.

Ia ooe method sheet lead s placed aguinst the wall surface or
studs with the long dimensions of the abeets runsing vertically.
Sheets sdould Bot exceed 38 in. {0 width for ease of handling and
sdould be of such width that joints will accur over vertical sup-
poria. Such joints should have 2-in. overiape. At the top, sheets
should turn out st least 2 ia. onto a continuocus horisontal sup-
port. Over the lead at joints and at about 16 {n. intervals, 2x ¢
in. wood strips o steel angles or channels are placed rusning
from the floor W ceiling. These ars secursd lop and bottom and

S O
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at Intarmediate polnta, the spacing of which depends oo the
weight of the Jead but in no case should be more thaa ¢ f2, by
bolting through the lead to the wall. One or two borirontal braces
batween sach palr of studs may be used to give additicasl sope
port to thick Lnings. Lasd patchon are then welded or scldersd
to the lead on each side over ¢l boita Thene patchos shoold ex-
tand several {nches 0 each direction beyord the boit hole so that
raye striking st an angle cannot penetrate the boit holss, 1Sotal
lsth can then be fartezed (o the supports and the wall fintahed
{a the usual way. Pstches should be of the same thickness of
jead as the lining to sliminats any poesibility of leakage :

17 X 8" Wead posie

A method sultable for masoary walls ls to bulld 2 x 4 In. wood
studs (8o and flush with the wall at 16 In. Istervals Sheet Jesd
with the long dimensica runaing vertically mag thea be screwed
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to thees studs. A perforated steel strip smainst the lesd under
the screw heads heipe to distributs the losd. Btrips of lead may
thea be plased over the screw baads or stosl atrip and weilded
or ssidersd to the sheets on each aile. Bcryws should be about
¢ 1a apart. A slight varistisa of thls method {s to screw the
odge of only one sheet 10 each stud, sllowing the edze of the od-
joleing shaet to overlap the screw hesds and oloel strip and be
welded or soldered to the Orst abeet, thus covering the screw
holes.

SUI another method {s to use borisontal wood slsepers bullt
into and fush with the wall at 2 £2 Intervals. The sbeet lend la
then applicd sa {n the previous methods, but with the long diman-
sions runnisg Borlmstally, the screw hesds being covered 2e
before by overlapplag.

Anothar method successfully used 1s to employ boards screwed
horisoatally to regslar studs. The lowest boards are applied
first to & haight of aboat 18 Ia. end are then covered with a shest
of Jead which is turned beck over the upper edge of the top
bosrd and then turned upward about 1 In sgaiost the studs,
where it s screwed. Another tier of boards 18 fa. wide s them
spplied {n the same way, fittad down over the set-back of the
first sheet of lead, and coversd with lead Ia the same marmer,
The foints between the lead sheets are then soldered or welded.

Shests in all cases ahould be bent around corners snd at intes
sections 80 that they can be welded or soldered to the sheets oa
the adjolaing wall 1o make the Malag continuous. Wall sherts
sbould be turned out several inctes on the foce to Insure ample
1ap between wall shlelding snd floor shielding. The lead linlng
should 8is0 be earried around the rabbet of door jambs 80 that
it will overiap the lining of the door itself when In the closed
position.

Where pipes or wires pesetrate the lad liniag, they should
be fitted with flanged lead elbows welded or soldered to the lesd
lining and 30 designed as to prevent passage of rays through the
opening. Pipes or wires paseing through the wall may de offset
00 that the opening through the lead }ining can be backed with
8 large lead patch on the cutside. Electrie switch bozes should
also be backed with lead patches much larger than the opening se
that rays cannot pess through even at aa angle.

RADIATION PROTECTION )
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Protection os crilings may be sccomplished most sasily by
laying lead, with overlapped fointa, on the Soor above or oA &
* drop celling. Ia such casea, the lining should be extended well be-

yond the Jesd walls below it Thls projection of the ficor lining

should Le enough to prevent passage of the rays through the gap
of Lhe floor construction betwesa the lead walls and the lesd on
the foor above, as the rays travel Ia s straight line at an angle
to the wall and ceiling.

Lead takes paizt well without special preparation, se Jead llo-
ings may almply be painted to pressnt a pleasing sppearance.
If such treatment fs Intended, & baseboard and a chalr rail
should be providad Lo prevent damage to the lead by being struck
by feet or furniture. 1f a plaster fintah is desired, metal lath
may be applied to the supports previously described and the wall
plastered in the usual manner. Wall board may also be applied
to these supports. Wood Soors to be laid over lead linings either
{a (he X.ray room or ia rooms overhead should be laid on Soating
sleepers, care being taken that no ~afls penstrate the leed. Ce-
ment Soors may be laid over lead linings but if the Jead is Joft
exposed without immediately pouring the coocrets, it should be
protected aguinst mechanical damage by a layer of heavy build-
ing paper or 15-b. felt. In either case it ls advisable to protect
the lesd from the action of “greea” concrets by coating it with
a thia layer of asphaltum,
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