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LEAD INDUSTRIES ASSOCIATION

420 LEXINGTON AVENUE
NEW YORK 17, N. Y.

January 21, 19468

To Members of the Lead Industries Associations

SUBJECTy "MATERIALS AND METHODS OP X-RAY
- PROTECT JON*

We nr; enclosirg a copy of & reprint of the article
“Materials and sethods of X-Ray Protection,” which appearsd
in "ladustrial Radlography," Fall, 1945, issue, and which
wac menticned in our lLead Inlformation Bunn.i; ¥oe 17
dated DecemPer 26, 3935,

Ke l:‘/: [} c}apyly °t, these reprints snd can let
you have adiitional ccpies at ouf cost 9/!' 5¢ per copy.

Very truly yours,

Secretary. '
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* Materials and Methods of X-Ray
Protection

By Goorge Singer
Acting Chicf, Rediction Section
National Hurcaw of Standards, 16 ashington, D. C.

ond
Seorgs ©. Laurencs, PR3,

Nutronal Research Cowncil, Canade

The olyest in planning  N4ay  protcston fon any
muallatson is (0 scdue the N-ss intensnty at all posi-
Bom where persouned will be stationed 1@ a saiuc such
that po perwm will tewene swne than 0.0 1 during amy
Fhour perunl. Mo hard and fad sules pend be laid
down (ix scomplishing thia! the methody 10 e swd

a1 best Jefs 10 Lhe ingenuity of those mabing the plans.

Alnwnt any spe can be made sale agains Xaays In
the uswe of cad or conacetc walls of suthcient thick.
pew—in praane sxch an insallation would teably
be « «d prohibitively capemsive, pccially whem
plitetan sgamnst very penctsating sadiation is required.
1he altcrnatne & to é athey mothods of protec.
vun 10 Ix wwad in additien to 1ediation batten, in the
micred of ). full ac ion should therelote be
ginen 1o all three of the folloning facuws: | Disame
tiom barner 10 Neay wurce: 2. Direction of N<ay beam;
3. Radaation hastien.

DISTANCE FROM BARRIER T0 X-RAY SOURCE

Ihe intemuty of any ~heoam of Xoaye falls off is
\ctacds as the squate /of the distapicr from the Xaay
tulw targeti—ths holdsi true for all N4adwinm regatdien
of ats penetrating power. bor exarsple, 3 twolold in-

creaw in doame fiom the tube; targes resulis in 8 fowr- -

fold devrrawe in the Neav intcmity, 8 wendold isxcrease
i ditatee redaces the mtemady 10 sne poercent of o
witaa! salue. By maling the distance from the Noeay
wwrse to all operating statwrs 24 Laige s pumsibide, &
wvmg can be rHicied m the toa of Jead shent. comrree,
e lead glaw. Such savings incrvawe rapudly as the pemes
atmg powes of the 1adution gors ep. fue then pro
premivels theler hariwn are requited 10 redice 3 given
bram 1o let ue 88y, one perreent of its dmitial value. Ree
gatdicss of mhat the tadutum qualits may he, however,
the same percentage seduction an be vought about in
inscanng the divame tenfold.

bue tcawmw of y. st sdrentovy should,
therrtone, te given 1o the matier of dinlanar tctween
the Nasy wuswe and all oupwed spaics in the mmme
diate smuuty. 1te Xeay room should e a6 far i
mencd a8 condiimme wil] permt froem all offues. labie-
oy, arud ahigee mberc workers temain thiosughout the
worbng day. z\lm owupicd jooms mud I neat the
X132y space, it b goaad peacinr 10 them on
site snbes of 2 coniador. Insde the Xery ruvem the tube
v ald he placed a0 lar away B0 paoesd [
opriaton, (onudaistion being given 0 the use for whikh
the taduatian & intrnded and 10 the space availatide for
the purpene  In neither medical oor indusrial Naas
nawne can (ull advantage be talem of the wring gesaibie
through cicsung the distame fromm the Noay wniiee;
# omas b wecrmart to watth 8 pateent during teeat.
ment o tu palpate 8 paterni duting 8 Buwowop o

s iteshbuted through the cnnrtesy of LEAD INDUS-
TRIEN ASSOUCIATION, §20 lesiagton Asrawe,
e York 1o N Y. Reprinted from INDUSTRIAL
KADIOGRAPHY, Volume IV, Nu, 2, Fall 1945, ae
wne «f @ compnlation of papere devoted ts prot-ction
in the uoe of XN-Hays and gumma reys in industry.

amisation: in  induseisl sadigraphy and  Ruor
within pretected cabiinets, the presene of nearby oper
atoes mav be emential. in any saxe, all penons con.
cerned with the operation of an N ray installation should
undevstand ddearly that the fim emee against amy
adiation harard » dmtamwe. The aie thing 10 do i
o “say away”
HMRECTION OF X-RAV BEAM

The svvasd crmanberation m planning N4as  peatec:
tion should be the dirreioon of the Nas beam. Wherrvey
pomilidc, the main team shold be durvied 2nay f1om
euped  areas, prelesalds tomard the ground o an
cutsde wall seemane fremm adjacent buskdings o vande
whesr men mas bie 2t work. Sodalied “ray - peoad” tube
howsungs, e in s o, are dr—m-n! o eduxe
the radutu intemsits tanwmsticd bn any part of the
housng—ther than the Cuil quart o alwout wne peroent
ol 1hat of the uwtul beam. 3 mon Dt e anumed
that this » alwass i, mant 1ebe easings have inwfhcient

ehevtuwy, nxniall\ 2t the cathak end. Neverthelem,
n dizevung the ot port snav lrven 3l axcupied TS
neatin, full uwe i made of swch juiecrtinn as has been
budt wio the tute hoeusing (A the manulacurct. The
prolidem i therein n-!:mﬁl; Mevtiom femaite to Lo
provsded ooty againe 1 ditee? zadeationy il 3looshend
o the tube caung amd the tadiatan wattered out of
the mam b the au and In icadisted abpxe
The thubnew af lead proasted tn the tobe i
may be subkraesed fuwn the tanal reguited 1o aBaed

te pretectaem, fad omh in theae ditectioes e

whah the shckding actoa of the taw it bremn to be

! LTLD PRCICCTION
CHNPTINT POTBET
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Fig. 1. 1.ead thickness required for protection

apnst warrow X-ray heams gemerated by volle

ages betnern 200 aud 300 Ki° for rurions dis
tanies betuven the tube target and opevetor,
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eflective and for which suffuient  protection  agains
vatterenl padistion has deen proy

For many apnlcation, it b cweantal that the N4ay
e bead be left Biee 10 1oiate into a0y desred g
Do then anc has 00 choie LUt 1o grOVKRie protecie
againsl the full intomity of the uwful beam by inaess
ng the distanee o all neathy occuped spaces, by inter.
premg proteciine burriers ol adequae thrknes, w by
a wmbinaton of both metbods.

RADIATION BARRIERS

When full sdbvanage has beewn taben of ixub distane
and tube wtientanon, i will wally e found that the
radiation intensity o still excesmbe at the ontrol statwa
and in adjacent sooms. ‘Thought must then be given to
protectise walls o sseens.  $or Nays gencrawd by
soliage under 250 diknolis, bead sheet s generaily waed
I the parposc; for more penctiating fadution, (on-
e o olten dhosen, The uwe of brad sheet in
combinaium with comicie is Ixvamnmg more common
amnd has muxh 0 reeommend 2. The tyxe ol baresce
wited noadctcisoned iy sddainve et and comvenesce.

Two dames of protestivg Bt should b detin-
guished:

1. Batieess against duct radimtum—from  the  tule
pewt, beoem Jeaks i dhe (b heusmg. and from
tmfuatn ot ahmated by the tole bossng.

. Rartsers agatnst saticted tadustum——aaticred
the patcnt, wally of the uom, w othey aradated
whyeues,

The matiernd sadiston s gracially lew practistiog and

om nienw than the direet radation bess peotcctem

therefuine, perded againa &,

From curves grven in Pigures 1 oand 11, it s poanetiic
10 cenpute the thubnew of the lrad tharrwn nesesan
tor shwlding  agairst direet N dahiatmat grmctated Iy
conant pedentisls brtneen 30 and 140 Lidosolts. The
dsta peaked e mabing thie computaiam are:  f) the
tube cuteemt, (3 tubc sullage. and (3) the dnissxr.
This computaten = made as boilows:

A bud TR I dividug the tube cotsent in il

jarre In the squatr of the dmtamar so the tulx
target = mcters, thos

"

[ =3

Sla

whwre Lz tule curtent e msilliomparren,
Dzdniame in mesers from target e weas:
ot peraon,
bex ample. of the nesret perwm s 3 meun
frew 2 tube pasig a4 cwrremt of 3 msllawmperes
ot 31450 Kilovedss,

= 833

w| v

3
[ 3 =

B Srievt the curve in Figure § or 11 hevig the salue
i AT sempnstedd 88 shown alane 11 this value
of TR m e grern, it may be necewary 1o invey.
fuiate lrtwevw cuives. Brgmnng st (he estreme
taghit. fdbem thin 1urve wonil W0 the poent where
1t cuts the verikal line wuftesjamnding 10 the tube
vultage wwd. Read o1 the raticme left the besd
thuknew W whih thie point correspomde.

Thue, in the example green stune having found
A= 03 we whet the qurse in bigute 11 morked
K03 brvave ot b neatest (e our compasted salue
Yodivming the cune domn to the peint whete &
rrweis the vevinal bie for 1020 Ay we icod
ot the rruiresd thubnew -at the el magin of

e chatt- o SR, ST e .
By an identual prenture the (nmwrete teguinet Sor
,.u-lnhuu agamvt diresd N saduinm can be vmgraied

rom bagurrs 11 and BV,

The ‘,m-nimr ouitiond  atune bow asnpuiing “A*
should fe lidlowed 0 all taws where vo information

LLAD PROTECTION
Sowrant seteutiaL
7Y SS— qeLIETLs otan

sla0 Tutandss wmml

Fig. 1.  lLead thickmess regquired for protection

against marrox X-rex beams gemerated by rolt-

oges betuvrn 500 and 1400 K1° for surions dis-
tances hetuwen the tulbe target and operator,

b vadedde o W ihe intewmily of the wwiul lrsm
When thee dotum i gRew. 8 aeer cudt esimate of
Jremcian s pemitde in Glmg thiv mformaton sme
stmvudcratem e turves i bgures oo IV, wsduseve,

were Il ! oa the prwmes that the X cay twia
Outjut 21 Watnas vedtages 1 spyerennstrh that gres |
mTabie L
TARLE §
X3y Tube Output Awamed ‘w Goapts | o IV
o usive:
TYube Velage Twbe
vy (v/mimote ma. 81 | meter)
F i []
on 3
L 1
L d bod
1o »
1 ol
10 by ]

Nhen the taduine mfemnsty M s wuswd n boaown
et ey of the sediages hard s Talde 1 the valwe of
TR ae ctmpiet tawe, shawild b muitydesd 1o the
tatio ol the bmranw smiput of The tule i quedim 3t
thin roltage 40 that grem m Talic § e the somr
seliage A pew sl of TKT i them obtamed -t will
Emalh e wnatles than the negnal-hrom which the

ad lesrier tryqoired i found by fullowang the bnetrue.
1w green sheae under “B”,

Py was of moangle. wippune that in the (sw shirady
1Hrd. dhe tule casifuet 1w bnomn b te §3 0. jur msmase
milliampere ot a vlwu-r of tor meter bor 1AW W,
the sutpust sssimed 10 Tabde § 1 goven in sdumn 2
a8 90 1 pwr minuse millsmpere o otwr meiet The
value of "N abiray nuempewted (0 3%, dwwokd. therrswe,
e muligludd tn the yatm (1%, prving

o’

"
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With the new value of “K”, 8 more evact estumate of
the trquired lead ot concvete wan be obismed In fol:
kming the prinedute outlined under “B*, Thew values
1o out 1o L' 71 mm. ot 20 inches of dead and 0w,
19.7 inches of concrete.

Figuiee 11 and IV 3ic for eoncieie wrighing 187
pounds per cubic foot—epecit gravty equabe 22, tor
other omicie mives the thickiewm roquired sares in-
versely st the specshc gravity o weight of the material
per cubic faot. For example, det the thibhnew of roe
crete weighing 160 pounds per cobic fut Le vequired.
U Gom bigure 111 3 conacie thihnew of 50 . s
found, then the thikhness for the 1) pound cormacte
1 compuied as follows:

”mj:%.-:ﬂc-.-.—; 17 inches

Lide cntcte, such materials as leid, plasier, earth,
wates, cic.. afhoed  somce proteciem  aganw
Neavs and may bie uwd cnbit in plae of lead hatcers
o i omlunatxn with thew. Al soliages alane NO
At aoniete, brub and carth are hiequenth wed wnh
it shoet ead. The combunation of suh materiale wih
Jead . boweser, 10 be pewmncwded whesews  prace
talde fir several wramms. In the bt plue, thore »
alwavs e pumabality that «1acks may develop im thid
pon wralin walh, the addiiion of shert bead o snh
wallh Induces the sadatwn haiatds should ssh erachs
develop. Purthermane, selatively lght Lasiwes smatcsaab
atienuate an N3y heam by wationng, a pemew shah
mredver, ) the defincinm of Lthe 1adatae frosm s
oegnal path. and (b) & reduction in its peartrating
weet. Soaie wattenng tabes place in all materaly sad
for all qualiars of radistiom. but this efict » woure
proenansced 1 relatnein Ight matoriale and foe very
prncirating tadatan.  So, for Cample, watiering =
greaer fee sxuicte than for bead and » gprester fow
jemtioing  tadatwn than for rrlativels st Naase
brom the jemnt of view of X2y protecison scatieymmg
u umbcaatde mhen matterang orcurs, 8 part of the
N saduton nodent uwjan 8 hartes s watiered bad
upna perwan witham the prdetcied space. The cfiea of
s mattesing fioem coxxrete o hrmd walh can bLe
tedmed in akding 3 refatnedy thin lavwer of iead w0
the suie of the prumertive tatiwt njwn whxb the rada-
om w esdent Srardwr advaniagr —lvst 3 ervesedary
one—rratting troem the uw of wxh 2 lead “vemery™
w that the 1adcinm on puming throegh  the dead
Carieer” m theteln hardened and sinr cssrcte » sels-
tineds mue efievine for hard 1adutue thae far wft, the
Ceun e puation of the tarrwt hrowmes reisinety moee
efievine. '

Maticing also seeults in wodewralde rfieits o the |

comiipet snde of  commirte  peoirdine hertwers The
tadiatum that penetrates barniens made of sefatnets fgt
matetiady # bewm penetrsting (han the meabent  radis-
e The sddnum of shevt lead on the far sede of con-
crete hariers, tharfore, eflectinedy wives the putjone of
abrenbing the 1odatny whuh has peurttated the hartsy
and has levm degraded in the proses

THE LFHICT OF B7AM WIDTH OV RELATIVE
THICANEN OF CONCRFTE AND LEAD REK.
QUIKLD SOR ADLQUATE FROTICTION
In the frecgeung pasagraphs & hes hevn asumed that
the dismscier of the N av besm aganst ‘whauth guitex.
e b oreuired 1 telatnedy small, Lbesng of the ovder
of 2w S centumeters  In pescike Xaas brame ae mar-
tom 38 thw ate widioem used, this B true bexh i Lhe
recinal and mdustsal applestins of Xens and h
rywealls w i the latier held where sery ferwd brame
atr odirm warst  fawrrauey the wilidi of an N oeav leam
Mabrs B nmawmeiy fo wdtsv e thubies i the o
treine larners bevend thet requited ha sdequsie pno
tnm when nativm deams 16 wwyl The servewary
purtaw i bettaey thubrww 0 M. the wsnee s sl
matetiols. leing srlatncly grrates fom gt emairiake
sels a6 smerrre ornd lwid, thon bow lead  tn Talde I8
theie 1 duran the 100 of tiw thubness of camtewr o
the thubnrw o Sead srquired 10 reduee she  wmnbent
tatiainm 10 the ame cuteni—4n 3 level o agpeses rmateds
10} g wv em the emcrgrid sule of the betwr  Ilin

CONCrTTl PROTECTION
FIXITACT FOTIRVIOY H
senacres stam .

$

SowiaeTy Yetenese wm
3

gl

TR v taes @

Fig 1!, Concrete thickmess required jor pro-
teliom apaisst marreie Norav heams gewevated
by sedlascs hettoeen 200 gnd S0 K1° for varions
distances betuven the tube target and operator,

-

1abide haddds emabs bk vers marrom hwames sf X eadiotion—

of the suder ud 2 fre ceniomcions w .

The elevt od imrensing the disvesr of an \aav
twam ®m to mereaw the 1200 gnen m the woand inlumn
o Falde 31 Jo sy the same thag v dsther w2y, 3
he lowam dsmrics o e traud l(.e rrarntage  wn teaer
m 1w thulknes of 2 cntete Batty must e greater than
the amrsmuniag wutrow in 3 ad barrer @ the
N tay juencstiont of lath . 1o nmam the wme The lact
srmbd be bept im wind when the data grem hereen
#1¢ wwst wime nartem laams have s n sveumend 1hrugh.
it the drevann  in miking we of thew dats thse bat.
et Ahmbrerss vwd dwadd b givstrr than that recomm
membed i the wae o Dtawd brams n santemplaied
Faamt sndetmaotmnr om the wercaw rrvpuned snhew teoed
bwawre 216 wwt B ot mow 2vadalde beeawes of the
ehnmal ditmulis wncdved m oldaming vech oot
matum The hdlming n offirrerd v 5 mecxestonn That,
whwen fucwnd trams 21e Wwd. the thubinmw of the harviee
W yrwne le onsrewd by oswwr half value Losey of the
Lareore matrrial uwsd o vedtages e b W) A, that far
sedtages {aswern Wi and MR Ay the b,
fe moorawst bn 2T half value Layrrs. snd
lwtwern )0 and IS0 Ay the Llwrises thaknew
smorcawd s thice hativnlue loyens

Prciion f1om xaltered 1adistion should net be
merkeded A barer betwern the Xooay tube sad
rmploners to protect them from the dest tave may not
dhwbh) them frnem tave sattrvext Ly walle, cethirge. furnd
e o cubey olgprits Thn myght hajqen, e erample,
2 sas sty Drmantsy badding shese 8 snscrvie .
et wven bort hagh has leen erevind 1o st the durect
team lisan the Nrssy tule  H the umdntrated besm
" oshivansl tfomands the tind srwsiure stune the hernpy,
@ st ol the 1stutne will be wattered I the tnd te

Treaeh the emphnacry outenie the batiws.  The oan be

peevtstesd 1 enteading the Lotraer tu the nad, The
spqus patt mbuh need only slmb the wsticred soys
tan lw meich lghter tham the hower part that must
slruuls 3l pewmary cays
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Fig. 11", Concrete thikacss required for pro-
tectron aopainst marreie Norav beams gencrated by
eltages botsoven St gpd Dot AT for zarous
dustanccs betsoven the tuhe tasyct and nparator,
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TARLE 11
Protcction Againet Saticred Radlssdon

Thichnew of bead in drehes teyuited fonr protestion
againet wattered radiation.  (Tube opetsted a1 10 mal)

Scattered Ravs Rowattered Rave Safe dintamee
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The tematy of wattered tadistnm teaching jrorwand
will ddepiened om smany fasuws nchudmg the nature ol
the sutfaer and the dntamies and duciiwen that dw
rave must 12avel ar acll 2 the hebomadtage and millom
prrage of Lo wastec. 3t will alwave he wester than the
pontars ew ditext taduatmn. 318 will alwe be e peoe
tiaim,, partnularls whewm wsing digh  Lilenoltage ap

paratas. Pead 8 wually wuee eomial and ot |

rouunt than mammiry of Gnarcte fin praevtion agamet
watiered  tadistum snly, and the thebinewes reyowed
ate relatinels small  Reovummendad thichorwes arc tale
ulated o Tolde U1 for vatawss hibknediages af thx ap
paratus Bt diniames of the Cvjnws) watiering srime
froem the cmpdiners. In compding thin tabke, catremets
unfarsinalde cmubitmers wete swamed. cg. that the
maticning suifme was chae 10 the Nty tulr and of
3 maicrsel that maliers citwntls.

Phe dovtimtum lwtncen wngh matsrred sadiinm ond
mulioph watternt radwinm » ompewtant. In the o
ampie sfune of the tule drhad a fasres wier feet
fign. the peatwen of the tule mght be we cesloxted
that the dwnt team soubd ot fw juied st the sud
ansd heree 3t mught v e pumasbilc fof 1avs S0 get oves
the hattsrr mahout fewmg waticred gt kost twne, for
rumple. by baxh fhen and  sod. Dooldy watiernd
tadiatnm wmoubd e twdh -ulq and brw ponetiating
than snghy sattered  tadestnnr. and.  theyrfaryr, moukd
tequire bew lead o atmenh . Dhe revommended thub
forve Gor multyde matiersng ore grim wa Jabde 18
ondes the beadog “Rewaticred Raw™  The hnal el
umn goves the showrst didame of sl 2qqeiaih w8
wall emittung sematiernd taditam when no geniccion
mirrsenes.

The intrmens o matiered faduton depemis cnnwdes
alds sm the ruterial of the mottcning surtacr. (ridinars
Aruetural matrniaty e mowmry . csmtere, plasiet and
bS] wattrt much Bxar 1adisteon than heavy mctale
fide Wad  Fewr this 1rsem @ n deutsbbe o cener alt
wich surfaes librby to be cxpemed 1o ditect paduion
with dead. A thiubhnew of 1/0° s suitable and suflocsemt
b this purpemr  Prem §0167 ead ones 5 mosmry wall
Fives considerable hmpsovement.
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