LTAQYYCD

N
AN
‘\i ’ ™ . Y
) T T LEAD INDUSTEIRS ASTSCIATION T T
1 AND LOUHOTON AVENUE
[
::3 HEW YORK 17, M.V,
. - August 1, 1953
- LEAD SHIZIDTHG SULLETTY Wo, 3

To Nembers ¢f the Lead Industries issociations

Attached i3 a reprint of the chapter om redistion protectiom
from the Lead Iniustries Associationts bock "leed in Modemn Industry,®
Some revisicns and corrections have been rais on the original publicas
tion, and the Teprint orw represents current practioe ia rediation proe
tection sgainst both muclear rediation and x-reays, Practical omatruce
g ticn techniques are also indoluded in the section under x-ray protectiom,

Additiona) quantities wp to ten may Do chtained free of oherge

frea the Asscclation as lrag a3 our supjly laste, Larger quantities say
e had at 10 oents psr copy,
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Radiation Protection

Tuxrmdmmmmumu
. the problem of comtrolileg the powerful rays emliited during
stomic disintssration. Basically the problam of peotection from
thess rays s the same a8 from X.rays and radium. Technicians
have for mary years known the hazards (nvolved and they have
workad cut severs] methrda of protection. But while today’s
radiaticn problems are sim{lar, they are far more significant both
because of the wider use of radicactive materisls and the pe-
tantially grester intensities to be worked with.
The various types of rays—alpha, beta, gamma, neutron—
difar chiefly in their ability to penetrats and lonize matter. It
is the latter characteristic which injures living tissue and which
must De guarded aguinst The alpha particls is & positively
charged belira moucleus which is completely stopped by 8 or &
inchas of alr or & plecs of paper. Beta particles are high-speed
slectrons of varying energies. In genersl, they produce Jess
i jonization In matter than alpha particles but are more penetrat-
4 ing. Most common substances such as 1 in. of wood will comne
j pletaly abeoch bets rmars. Gemma radistion oa the other bhand
1 bas great powers of penetration. High energy samma will act
. be whally ateorbed by even a foot of lead while lower energy

gamms may be safely absorbed by A ia. or less of lead Cammas
3 rays produce large scale lonization by a secondary process, that
) fs, the gamma ray first produces a bigh-speed electroa and this, ia
3 tarn, produces the jonization. Neutrons emitted by the cyelotron
and the atomic pile are uncharged particlas which will also fonise
certaln material indirectly. Neutrons are clasified aceoeding to
their energy levels s very fast, fast, alow ané thermal, the
jast baving the lowest soergy level




e A e R e e e e ~ — - —

L 1409989

8 "7 7 LEAD 1N MODERN INDUSTRY

The dangers of axpasurs to radiation are claseifed into two
separale categories: Internal and extermal The former (s pri-
marily s hyglens and medical problem and because it does not
{nvolve shielding &s such it will not be discussed hers, External
radiation comes from a source outside the human body such as
an X-ray tube, cyclotrom, radium or radicective samples. Proteo-
tion againat external radiation s a question of shielding the body
from the rays, keeping & asfe distancs away from the rays, and
Umiting the tire of exposure to the rays

In shielding aguinst neutross mztallic cadmium oe & hydroge
emous material such a8 water or psraflia is generally vesed. How.
ever, bocause gamma rays Are emitied when the peulrons are
abeorbed, it Is stil] nocesaary to provide s protective shield of
jead The use of protactive shielding is identical in all cases,
regardiess of the type of ray, the thickness of the shielding de-
pending upon the penetrating power of the rays.

The first consideration ia preventing penetratioa of rays Is
density. Lead enjoys the sdvantage of being the densest of any
commonly available material. Where space is at & premium and
utmost radiatica protection is paramoant lead s slways pre-
scrided. Apciber advastage, particularly ia shielding neutrons
and gamma rays, is that Jend does not become coataminated.
It may be used coatinzously without fear of itself becoming
radiosctive and emitting 1ts ows harmful rays. For this reasoa
it is important that lead specified for shielding purposes be free
of alloying elementa, particularly those which may become radio-
active upon exposure 1o high rnergy radistioa.

Belng a metal, lead Bas an advantage over various ssgregate
materials such as concrete [a that a uniform density la guaras-
teed throughout. In sdditiom, becsuse its surface (s smooth It
cannot become conlamizated with dirt or other material which,
in turn, may become radicective. Oftentimes where exception-
ally bigh energy levels are being shielded and where the concen-
trated load of the quasntity of lead required would be prohibitive,
a combination of concrets and jead has been employed The lead
may be sandwiched as & sheet between Jayers of concrete or may
be used oa either side of the concrvte. Lead cast of extruded iate
bricks has proven especially useful in atomic shielding decause
the bricks caa be sasily moved 10 areas where special temporary
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shiclding is nesded and can be Suilt up (o any thickness or pleced
in any positica desired.
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In stomie reactors or “piles” operated by the Atomic Energy
Commission, cadmium, Jead, concrete and distance are used o
protect operating persoanel {rom exposure to all types of danger-
ous radiation, chief among these deing neutroas and gammas
rys. Nestrons escaping from the uranium section of resctors
are abeorbed by a thin cadmium shieid. This absorption casses
the cadminm to emit gamma rays which are {a turn stopped by
a lead shieid. Thus personnel during the loading and unloading
of atomie fuel are protacted from peutrons by the cadmium and
from gamma rays by the lead

1n one type of reactor a 4 ja. shield of lead cadmium alloy sure
rounds the reection ares and fits snagly Inside a concrets shield
8 fL. thick which encases the entire reactor. The lead-cadmium
alloy protects the concrete from direct exposure to neutroas aad
amma rays. As extra 1-fL shield of Jead bricks is Jocated ca
top of the reactor to compensate for the abesace of concrete.
‘The thick lead shield at the side and botlom ls constructsd with

e it
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Internal eopper tublag for circulating oooling water to remove
heact senersted in the shisld Itself and the exterior of the reactos
chamber,

A cclumn made of graphite bricks extends Into the Beart of
the reacior to provide & path for thermal and slow neutrons. The
end of the ccluma prutroding throush the oulsr conerete shisdd
is covered witk a cadmium curtaln asd a 2-ft. le~d and irom
ici4 In which as $-in. square opening la provided for accesa.
Tre frst vranium-graphite reactor, broeder of the originel
Atom Bom), kocked like a windowiess two-glory square esncrets
buildizg, 30 f. wide, 82 ft. Joog and 21 ft. high. On ths sides of
this early reactor cascrete alcis was dependsd upon for protes-
tica. The top of the pile was paved with & In. of lad, totalling
about 185 toas On top of the ised was aa additionsl kyer of
4 1t of solid wood. Resting on this chield was ¢ smell experi-
mental labcratory ian which operating perscosel worked, secure
in the trust that they were being protacted from the tremsen-
dous energy being genersted benasth theem by the 4-ft. layer of
wood and 6-ia layer of Jead

The table givea below prepared by the Natiossl Baress of
Standards may be ssed to determioe the required thicknesses for
ahieldirg from gamma ray scurces ia the laborstory. To use the
table select the columa for the energy required (uee mext higher
if axact value is Dot gives), The entry gives thickness ia cents-
meters of Jeed for diferent source strengths at 1 meter for §
hr./day to give §0 millircentgens. Thea sdd algebraleally the
correction terms for otber working ranges or timnes te oitala
the shield thickness required.

Example: Shisld i required for the manipulation of 500
millicuries of radicactive material emitting 1.8 millloa sdectros
volta (Mev) gamma rays st & mliaimum working distases of
30 cm., and for & hr./day,

Shield thicknessn8.860+277-1.29u990 am of lead

) @) (o

ia whish

anbasie entry.
b= correction for danger ranges 80 cm.
e=oorrection for 4 hr/day.
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RADIATION PROTECTION 18
Some common spplications of Jsad In the development of atomis
epergy and in the Randling of radicactive matsrisls inclndes
lead bricks (Interlocking or ordinery reciangular), Jead plates
and castings, “hot” lLiboratory table snd eink tops, storage,
carrying and shipping contalners, lead rubber gloves and aprons,
lead glass aprong, lead glass windown, Geiger counter tube ablelda,
1aad shot, Jead ahest sheathing, Jead headed palls, oed plywood,

Joad lined cindar blocks, lead safea, and 50 o

X-RBAY PROTECTION

) X-rays are widely used both by the medical profemion and
by industry, Since these rays can cause phyuical damage to pen
sons exposed Lo them it {9 Decessary %o enclose X-may geosrating
units {3 chambers made of of lired with & material which 1s re-

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

B shielding material is 8 function of ita derasity, lead, which is the

densest commeonly avallable material, will give the greatest pro-

tection per unit of thickness. Lead fs the least bulky and usue
ally the lightest and most sconomical material for soch shislding.

Although certain types of X-ray machines intendsd for pro- 1
duction lice operation are self contained in lead lined eabinets !
with automatic controls to ahyt off the course of power before

the doors can be opened, & general X-ray department usually re- 1

quires the provision of a lead lined room. Such a roows must be f

carefully planned and constructed with the lesd lining of sufe

cient thickness to keep the exposure of persons ls !ts vicinlty

Delow safe tolerance limits. The principal factor in detarmining

the proper thickness of lead o, of course, the intensity of the

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

the cumulative time of operstion during the working day, the

dirtance of the operstor and other persons outside the room

from the X-ray tube and the generation of scattered or secondary R i

radiation givea off by cbjects la the path of the useful beam. 1

The (atensity of the rays is a function of the voitage improssed ‘
on the tubs and therefore it s customary te use voltage as &
primary guide In selerting 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 these recommendations with commereial

e e gy A g s
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'RADIATION PROTECTION 18

thickness of shect lead. Having selected the proper thickness of
shoet Jead, the principal feature to wetch In obtaining effective
shiciding Is to see that no even minuts space exposed to the rays
§a left unshielded. Thus no screw or nail holes, wiZA or without
&rews or naids in them, or cracks around doors are heft without
being completely ahut off or shiclded by lead.

LEAD SHIELDING CONSTRUCTION

There are a number of methods of applying lead for X-ray
protection, Severa) special devices Incorporating Jead are avalle
able for wall construction. These Inciude shest kead bonded at
the faciory to plywood, wall or other board materials on one or
beth aldar with special Jead covered sirips for covering the joints
a5d spocial lead headed nails for securing the material in place.
Anothar device is 8 concrete or gypsum block with an unper-
forated sheet of lead anchored at its center. The two halves of
this block on esch side of the lead are about 1 in off center s0
that their edges are offset by that amount. The abeet lead, howe
ever, extends 1o the outer edge all around. Thus when a wall is
built ap of these blocks, the lewd ia cne block overlaps that fa
all adjoinieg blocks by 1 in. and provides s continucus jead lin-
ing. Other special devices Include lead-lined doors and leed.
covered windows glazed with glass coatalning s high percentage
of lead,

1 sach special metbods are nt used, there arv & number of
ways of applying sheet lead lalngs, all of which are satisfactory
and the choice of which may depend upon the type of construe-
tioa and other installation conditions. Some of thess methods
are descrided here.

Ia ooe method ahoet Jead is placed against the wall surface o
ntuds with the Jong dimensions of the abeets runaing vertically.
Shewts should Bot exceed 38 in. fa width for ease of handling and
sbould be of such width that joints will occur over vertical sup-
porta. Such joints should have 2-in. overiape. At the top, sheets
should turn out at Jeast 2 ia. onto a continucus horisontal sup-
port. Over the lead st joints and at about 16 in. intervals, 2x ¢
in. wood strips or steel angles or channels are placed running
from the floor Lo ceiling. These ars secursd lop and bottom and

o o O
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at Intarmediate points, the spacing of which depends oc the
weight of the jeed but In no case should e more thaa ¢ ft, by
bolting through the lead to the wall. One ar two borisontal braces
batween sach palr of studs may be used to give additicaal wxpe
port to thick Linings. Lead patchon are then welded or sclderad
to the lead on each side over ¢ll boita Thene patehos should ez
tand several inches I8 each direciion beyord the bolt hole so that
raye striking st an angle cannst penetrate the boit bolss. Motal
lsth can then be farteced o the supports and the wall fintahed
{a the usual way. Patchos sdould be of the same thickness of
jead as the lining to aliminate any poesibility of leakage, .

A method sultable for mascary walls Is to tulld 2 x ¢ In. wood
studs (8o and flush with the wall at 16 Ia. Intervals Sheet lesd
with the long dimensica runaing vertically may thes be screwed
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to these studs. A perforated steel strip apainst the lead under
the screw heads halps to distribats the losd. 8Strips of lead may
thes be plased over the screw haads or stosl strip and welded
or seldared to the sbaets on sach aile. Screws should be about
6 1a apart. A slight varistisa of this method {s to screw the
o5 of only one sheet 10 each stud, sliowing the ed7e of the od-
jolcing shoet to overlap the screw hoads and sloel strip and be
weided or soldered to the first aboet, thus covering the screw
holes.

Sti] another method {s to use horisontal wood slsepers built
into and Qush with the wall at 2 £ Intervale. The sheet lend o
then applicd sa in the previous methods, but with the long dimen-
sions runnisg Borircatally, the screw besds belng covered 2s
before by overlapplag.

Anothar method suoeeesfully naed fs to employ boards screwed
horisoatally to regular studs. The lowest boards are applied
first to & haight of aboat 18 Ia. a5d are then covered with a shest
of Jeod which ig turned beck over the upper edge of the top
board and then turned upward adbout 1 iz against the
whers it {s screwed. Another tier of boards 18 in. wide
applied {n the same way, fittad down over the set-dack
first sheet of lead, and coversd with lead Ia the same marner.
The foints between the lead aheets are then soldered or welded

it}

the adjolning wall to make the Kalag continuous. Wall sherts
should be turned out several inctes om the floce to Insure ample
1ap between wall shislding snd fcor shislding. The lead linlng
should also be earried sround the rabbet of door jambs 80 that
it will overiap the lining of the door itself when In the closed
position,

Where plpes of wires penetrate the lad lning. they should
be ftted 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 passing through the wall may de ofset
00 that the opening through the leed }ining can be backed with
s large lead patch oa the cutside. Electrie switch bozes should
also be backed with lead patches much larger than the opening se
that rays cannot pese through even at aa angle

RADIATION PROTECTION ")
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Protection oa ceilings may be sccomplished most easily by
laying lead, with overispped jointa, on the Soor above or oA &
drop celling. 1a such casea, the lining should be extended weil be-
yond the lesd walls below it. Thils projection of the floor lning
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 Boor above, as the rays travel Ia s straight line at an angle
to the wall and ceiling,

Lead takes paint well without special preparation, so Jead fn-
ings may almply be painted to pressnt a pleasing sppearance.
11 such treatment is Intended, & baseboard and a chalr rafl
should be provided to prevent damage to the lead by being struck
by feet or furniture. If a plaster finish 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 floors to be laid over lead linings either
{n (he X.ray room oc in rooms overhead should be laid on Soating
sleepers, care being taken that no nafls penstrate the leed. Ce-
ment Soors may be laid over lead linings but if the Jead is Jeft
exposed without immediately pouring the concrets, it should be
protected aguinst mechanical damage by a layer of heavy build-
ing paper or 15-1b. felt. In either case it is advisable to protect
the lead from the action of “greea” concrets by coating it with
a thin layer of asphaltum,




