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Foreword 

X-ray and sealed gamma-ray sources are used extensivel,,' 
in industry for the inspection, testing, and analysis of a 
wide variety of objects and materials. X radiation is also 
emitted as an unwanted by-product from devices such as 
electron tubes operating at potentials as low as 10 kv. It is 
therefore essential that adequate measures be taken to 
protect persons who work ,vith or are near such radiation 
sources, as well as the general public, against excessiye 
exposure to the radiation. 

The present Handbook provides recommended safety 
standards deyeloped for this field by Sectional Committee 
Z54, "Industrial "ese of X-Rays and Radiation," of the 
American Standards Association, under the sponsorship of 
the 1\ ational Bureau of Standards. Its text has been ap
proved by AS~'\' as an American Standard. In 1946 the 
Committee issued American 'Val' Standard Z54.1, "Safety 
Code for the Industrial l~se of X-Rays." The present 
Handbook is a revision of a part of this standard. 

The National Bureau of Standards is authorized by the 
Congress to cooperate with other go\'ermnental agencies 
and priYate organizations in the establishment of standard 
practices. The work of ASA Sectional Committee Z54 is 
an outstanding example of such cooperation. The Bureau 
is pleased to have the continuing opportunity to increase the 
usefulness of ~BS-spon~ored American Standards by pub
lishing them as NBS Handbooks. 

This Handbook presents basic protection recommenda
tions pertaining to x- and sealed gamma-ray sources for non
medical applications. Suhsequent publications of other 
subcommittees will present recommendations relating to 
specific types of x- and gamma-ray sources or to special 
problems. Their recommendations will supplement these 
basic recommendations to aehieye the same standard of 
protection, through special means, for the particular types or 
uses of sources. 

A. V. ASTIX, Director. 
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Preface 
,..,tandards for maximum flt'rmissihle exposure to ionizing 

radiation nre estahlished bv the X atiorwl Committee (JTl 

Radiation Protection and :\feasmement, and bv the InU'r
nation:)[ Commission on RndiologiCilI Protection. The 
American Standards Association Z.')/l Sectional Committee 
utilizes these basic stalldards and other appropriate data 
applicnhle to non-medical radiation protedion problems 
in the formulation of standards. Sueh datn inelude 
the recommendations of Federal Radiation Couneil for 
the guidance of Federal Ageneies as approved hy the 
President. 

scope and membership of th(' Z54 Sectional Committee 
at the time of the action takE'n on this Standard \\-ere liS 
follows: 

Scope: 
SHfety standards for the manufactur(', installation, opel'a-

use, and maintenance of industrial equipment which 
may give ofF radiations from radioactive materials or x-rays. 

Jfpmber8hip: 
Scott 'Yo Smith, National Bureau of BtandOl'd,
Henry C. Lamb, Americ:m Sbndards ,\;;soeiatioll 

of Hadiology, _ _ _ _ G. C. Henll,-, H. 

American 
dust rial 

of Government 1n-

American Cn-stallographic Association. __ 
Americ:w Illdustrinl Hygiene Associntiou_ 

American Institute of 
American Iron & Steel 

American Petroleum Institute. 

AmericUll Public Health ""'"',~uc"'uu 
American Roentgen Ibr 
,\mericHn Society or 
American Societ'y of Safety Engineers __ 
American \Yelding 
Association of Casu:llty and 

panies 

Atomic Forum. _ "" .. 
Conference of and Provincial lIerllth 

Authorities of North America 

i\lorgan, F. O. * 
H. R N e\ydl. * 

D. E. "nnFnfOwe, 
D. ,\. Hobda,'. * 

W. Parrish. 
H, W. C. R. 

\Yilliams. * 
n. E. Walter. 
J. \Y. :\IillPr, L 

Teplow. * 
L. C. Hoess, ,/. D. 

:\1 anrJe y . * 
J. . 

. B. 
N. L. 
A. N . 
• cI,.. Gobus. 

\Y. :\f. Pierce, " O. 
Bohn.* 

J. ,Yo He,v"janel. 

F. 

.T. T. N. Anton.* Electronic Industries Associatioll._ 
Health Physics Societ~· _ H. :\Ierrnngen. 
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Industrial :'If"dicu] :\EsociatioIL - -
Itltern:ltion,d ,\~;:ori:ltioI1 of GoycrnmPJIt 

L:ihor Offiein], __ 

F. Borrelli 

Intt'J'Illltiollul Assoriatil'J1 of :'IIur\ l inbts 
Joint Electron Dpyirc FJ1p:inct'ring; CouneiL 
:';utiollul Association of :'Ilntual Cnsllult\· 

Compnnies __ - - -- - - -- - . 

""\1. KIl'infl'ld, 0. 
KOO\'millL* 

.r. G. J':irhhorlI. 
C. Y. Bllrtho!OIrl['\\. 

C. It. \Yilliams, \Y. E. 
SllO('ma ker. * 

:.; ational Rur-"tlll of SLmdards _ fl. W. Smitll. 
:--;ntional Safety CotllldL H. W. Sprich('J, ,T, T, 

Sicdlreki* 
Hadiologicul Sor],'ty of Xorth Arm'rica - H. W. Jacox. 
Societ\" for :'\on-J),'structhc Testin!!, _ - .\. F. Cot,'!. 
l"ndl'r'writers' L"hor:ltorics, Tlle.·- L. H. Horn, G. L 

Schall. * 
c.s. Atomic Energy Commission ___ . W. D. Claus, 
CS. Department of Labor, Bureau of 

LaborStcrJl(!;trds_-- _______ , _______ J.1' O':'\eilL 
t-.". Department of tile ,n-y, Bureau of 

:'IIpdici.nc and 8urgcry _________ ,_ - W. O. PischnottC'. 
e.S. Department of the , Bureau of 

X [l\'al Weapons___ _ __ , _____ , -, E. L. Criscuolo, J. C. 
Johnston. * . 

e.S. Depart,ment of the ~avy, Bureau of 
Ships, Code 70Se _ _ _ _ C. L. Frear. 

(;.8. Public Health Srnice, _ H. E. Ayer. 
:'IIembers-at-largc. ______ . __ ._ .-- C. B. Braestrnp, C. 

Ferlazzo, 

Xine working subcommittees have been established. 
The reports of the subcommittees are appro\-ed by the main 
committee before publication. The subcommittees are as 
follows: 
1. General Provisions and .\Iethods and '\Iatcrials of Protection 
2, Health Provisions and :'Ilonitoring 
3. X-ray Protection for 2,OOo-kv Installations and I~o\\'er 
4. X-ra;'- Protection for Installations -'\bon' 2,01.10 k\-
5. Gamma-Ray for Industrial Applicntions 
o. Electrical and Protection 
7. X-ray Diffraction, FluorcBcence Analysis and ""\Iicromdiography 
8. Sealed Beta-Rn\" Sources 
B. Contamination 'Levels of J ndustrinl '\laterials 

The present Handbook was prcpared by the Subcommittee 
1, General Pro\"isions ilnd ),Iethods and ~l11teriHls of Pro
tection. Its membership is as follows: C. B. BR.U~STRCP, 
Chairman; C. E. CO:\ER, H. H. Dum;ID, and the chairmen of 
the other subcommittees. 

The classification of illtitallatiolls as Exempt, Enelosed, 
and Open Protectin Installations is made in reeognition of 
the fact that some installations nnW economically be made 
independent of limitations on opel:ating procedures, while 
the use, size, and arrangement of others place a practical 

• Alternate, 
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li~1!it on tbe amount of built-in protection tl' , 
nded eeonolllicalh- Tl 1. ~·f·. _.' . ),It. cay be pro-I d . " Ie c as,..1 lelltlon IS an mdl '. (' f 
t Ie egree of personnel control requil'l'd to ;u,hip\-e );l;\ ~~n 0 
t ~[aTlr of t~e s.hielding datu of this Handbook Ih't\"~( 1)1;(:;; 
;1. en .rom ~ ,!tlOTlnl BUl'('Im of Standards Handi)() I~ -, 

I 10tce(lOn Agamst H,ldialions From Se'll'-'d (".. : (: o~ 13, 
and Handb k -C \1 d' _ . - _ ' ,. ["Huna ,.,OUl'<·e~, 
'\1'1r y 00 ~~,: I.' Intl X-Ray Protection [~p to Three 
. I Ion olts. I IllS HllIldbook hilS also drnwll freely fr ; 
other SOUrces such ,1S Hadiafi'on Protcelio! In' (' B B' 0 l] 
and H 0 \f - k if (el ' , _ - , - / , .. . raestrup 

_. . J ~ 0.. -. laS. C fhomas, Pu hli"lwl') ·md H(II· 
ufal.))f I.lldustrwl Ha.diation Pmtfctioli. Part 'II -1[' 11·(·' .1

1
-. 

o)afet P . 1 t' (I . . - , ' O( C 01 ( 

1
'(J::")' y .egua lOra! nternatlOnnl Ltlbolll' Office Gene,·, 

• • );:, • " f (1, 

SCOTT IV. S:lIITH, (,hail'mall 
, S ' Z -4' ' . 1 -, , L.I.,--..:~ ",D i'lertlOna (olll1nitte('. 
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Safety Standard for th e Non-Medical Use of 
X-Hay and Sealed Gamma-Ray Sources 

1. Scop~ 

1.1. This Handbook is intended to serye as a guide toward 
the safe use of x-rllY lind sealed gnmma-ray sources for nOTl

medical purposes and of equipnwnt emit ting x rays serying 
no useful purpose. Its main ohjeetiyes Ilft' to reduce llel·d
less expOSUl'(l of persons to radiation and 10 ensure that llO 

one reeeiYes more than the maximum permissible dose. 
These objectiyes are achiend by the use of appropriatl' 
equipment, ample strnetul'lll shielding and lllOSt important, 
snfe operating procedures. . 

1.2. Those recommendations containing thl' word "shall" 
identify requirements that are neeessary to meet the stand
ards of protection of tbis Handbook. Those using lite word 
"should" indicate ndvisory recommendations th,11 should he 
applied practicable.' 

2. Classification of Protective Installations 

Basically any installation which is so constructed and 
operated as to meet :\1uxilll11m Permissible Dose Equinl
lent requirements is acceptable. HoweYer, if this weI'(' til(' 
only requisite, the assumptions as to the use of the equip
n~ent and (~egree of OCCUpHTH'y miglll be subjeet to widely 
dlvergent mterpretalions. In order to ensure eertain 
miniIllum standards of protection without needless expendi
t ures, it has been found ad"isable to diyjde installntions into 
difTerent classes_ Their basie requirements arc gi\en below. 
(See paragraph :i for selection of n.G for specific tests, 
and 7 f01' operatillg limitations.) 

2.1. Exempt Protective Installation. An installation shull 
be so classified when it conforms with all of the following 
requirements: 

2.1.1. The souree nnd all objects exposed thereto am 
within u permanent enclosure, WIthin which no pflrson is 
permitted to remain during irradiation. 
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2.1.2. Reliable interlocks nre prodded to prevent aceess 
to the enclosure during irradiation (see . 

2.1.:3. If the enclosllre is of such a sizc or is so arranged 
that the operator cannot readily determine ,\'hether the 
enclosure is ulloccupied, there shall be provided: 

2.1.~3.1. Audible or ,"isible warning signals within the 
enelosure whi('h must be actuated before irrHdiation ean be 
stHrted. 

2.1.3.2. Suitable means of exit, so thHt any person 
who aeeidentallv may be shut in can lenve the enclosure 
without delay, or ., 

2.1.:3.3. EfTectin' means within the enclosure for 
preventing or quickly interrupting the irradiation, and which 
cannot be reset from outside the enelosure. 

2.1.4. The exposure at nny accessible region 2 in. 
(5 em) from the outside surface of the e~e1osure c~nn~t 
exceed 0.5 mR in any one hour. (The dlstnIlcC 2 In. IS 

chosen as being the l~linimum practical distnnee from the 
barrier at which the exposure may be measured. The limit 
of 0.5 mR in one hour nssures with repsonable probHbility 
that under praetic111 conditions of oeeupancy und usc, the 
requirements of paragraph 2.1.5 would be met.) 

2.1.5. X 0 person, either within the controlled area or in 
the environs of the installation, is exposed to more than the 
maximum permissible dose equivalent. 

2.2. Enclosed Protective Installation. "\.n installation 
shall he so dassified when it conforms with all the following 
requirements: 

2,2.1. The source and all objects exposed thereto are 
within a prrmanent endosul'l', within which no person is 
permitted to rernain during irr!ldiation. 

2.2.2. Reliable interlocks are provided to prevent ne('ess 
to the enclosure during irradiation (see 5.,5.2). 

2.2.3. If thr enclosurr is of such a size or is so arranged 
that the operator cannot readily determine whether thr 
enclosure is unoccupied, there shall he providrd: 

2.2.:3.1 .. \.udible or visible warning within the 
enclosure \\'hich mllst t)(~ uetuated before irrncliation cnn be 
stnrted. 

2.2.:3.2. Suitable llleans oj' exit, so that any person 
who accidelltallv may be shut in cnIl lenw the enclosure 
without delay, (;r ' 

2.2.:3.:). Effective means within the rllclosure for pre
venting or quickly iutelTlIpting the irradiation, lind whidl 
cannot he reset from outside tlle ellclosure. 

2.2.4. The exposure at any accessihle and oCf'upied 
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region 1 It (;)0 ('IlJ) from tl1{' outsidr surfaf'r of the rllc]osure 
doE'S Hot exceed 10 Il1R ill any olle hOllr. For X-I'll\" illsLnlln
tillllS, this exposure' limitation shall bE' lll('t for n'IlY oj' the 
specified rnt of the X-I'.lY tubc. ' 

~.~.5. The exposurr fit any accessiLIE' and norllll1lh
UllO('('upipd region 1 l't (:30 em) from tlw nlltsiclr slll'fnn' t~f 
the endosure does not E'x('ecd 100 mR iu allY olle hOlll'. 

For x-rny installatiolls, this exposul'f' lilllituti'on shall Ill' 
met for llny of the spC'cified of th(, x-rllv tlllll'. (Thp 
distUll('C' 1 ft is ('hose1l as n practical di;;;tnt]('c rroil; tIlt' 
barrier [or ll1nking l11ea"lIl'elllPnts. The \1;;;C of 100 III J{ 

in one hOllr nssmnes reasonable probnhilit\" tllllt. unde'!' 
prad ieal eoudi tiOllS of O(TllPHlH'Y and llse. p'nrngl"11 ph 2.:?1l 
can he llH't. It mu)" be nssullI!'d also that th!' raclintioll 
SO\ln'c and bf'Hm dirt,ctioll an' positiolled nnd Ol'iPlltf'd ulll" 
to serve n llseflll purpose.:) . 

2.2.6. :\0 person, eitlwr within til(' ('ulltrol\l'i\ HI'PH or 
ill tIl(> envirolls or the instnllntioll, is t() I 11l1n' thnll 
the mH xinUlin permissiblr dose eq ui vnl01l L 

2.:3. Open Protective Installations. .b ( Protediw 
Illstnllntion is (~lIP wh~('h, due to "prnni()ll<! rt'qllin'llH'lltS. 
('l\\lI~()t h~ pI'(~ndrtl Wltlt t itt' lab,' ; <:'nt dpgn·() of protectioll 
speCIfied lor plther ExC'mpt PI' ":IJl"loSI'd ProtE't,tin lnstnlln
Liolls. c\.n illstnll.lti()ll"linllll(' so dns.;;ifie.l whell it cOllforms 
with.Hllllf thE' f()ll()w~llg rr'1Uirrlllt'lits or thr special protection 
I'cqlllremellts estnhhshed for IHHl-rntiiogl'npiJi(' app\ie-HtiollS 
(see 

2.;).1. The SOUl'('(' h':d 'l11 uhj('('[s exposed Ihr1'eto nrc 
within H ,:'tpd peril1l('ttT t1wt limits the 

"\1"" i '\' "2lll rX(,l'ed 1 no 1Ill{ in 1l!lY 1 hUllr. 
:?:),:~, i;,' II> tile nn'n \\·{tbill the 

pf'rimt'l('r 11' r : 'IllY rPIiUll' i i!l Ilw arpa rlm·jng irradjnti(lll. 
l',,~iti\t' 111\.11,.; /"('1: PJ'{"""lT; 1\ ('("(':-s. :mel! as Ir;('keti harriers 
"h~dl 1,( p]">,\·idr'(i. parti!:d durillg periods of lI11atlendcd 
irrHdin tion. 

:2.,;':).\(1 ;11. either within a ('(Hltmlled area OJ' iu 
the p!lyiro:I'< the inMnllatiulI, is ('xposed to more than 
tllP Iliaxiliilli pi'l"ll1lssihle dosE' ('(IUlvnlent. 

:2.:\..1- .• \ knowledgenble lwrson is in nttendnll('e or the 
equip':.t'Gt is made intl(,('pssihle. 

~. Selection of Class of Protective Installation 

Xi'W m(litltion facilities shaD he cons!1'1](,tpcl tn mept the 
!"('qUil\'lllPlltS of one of the tiIrPl' classes or protecti,"r in
stu!htioTls drscrihE'd in section 2. The differ ill 
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on in ht'l'E'll t shiddillg, 
to S(,('III'(, tilt' J'e(lllll'('u 

ing 
of 

their J'f'lntin' 
1'('st riel iolts, and 
protectioll. 

Endl dasR lUIS ('C'rtnw lHhantnl!eR and limitatiolls; tlws0 
nn' indi('utC'd ill ~('cti()llS :U, :"\.~, amI :).:L 

:1.], Exempt Protective Installation. This ('lass proyides 
t he highest degree of' inherent snfety heenllst' the prntediOil 
does not d('pellri 011 ('(ll11pliUn<'(' \yith un~- upending limita
tiolls. This typC' also 111ls tllf' ndYHlltngC' of not rC'l[uirillg 
I'esiridiolls ill (l('('lIPUll('\- o1ltside the ('I)('loSllJ'(': t hC' huilt-ill 
sllieldillg is gC'IH'l'lllly sufficient to lllPC't the lllHximulll pel'
missihle U()s(~ l'equil'eJII('llts for the I'll yi1'(lIlS. 

Hf)\\C'YC'l'. til(' low ullo\ntld(' eXpOSllrl' leYI'I IIlR in 1 
hotll') for thi" cbss (If instnll,HioH llecessitates 11 higher 
d(,(YJ't.(, of illhf'I'f'1l t FOl' I'udia t iOIl sOUl'('es of 
1(J\~er el1C'l'0·ie:;. alld for sl11t1ll(']' ('Iwlnsnres. slIch llS cnbillets. 
the initini"'('xt!'11 ,,1St uf the ill creased shielding is lIsually 
insi,,:nifil'!1l1t ('(llllpnl'(,c1 "ith tIl(' opC'rati()llnl 

c\t hi~'.'h('1' ns in the megnyo!r rq;ioll II high 
workloads, the j'('qllil'ed Ildditinnnl shielding \\·ill uSlIally 
makp the H,W of this ('xtl'('Jlldy expellsin· compared 
with the Ent'/osed Protc'diy(, Instnllatioll. For instnJ)('e, ill 
til(' (';lse of ('ohalt (';0. the l'equil'C'C\ ('OIl(Tete thickness of the 
pl'illwr~- har1'iN foJ' lhe type IllHy hl\YC to he abollt 
a root great(T tlHIll for tIl(' [','/le/uxill type. 

;1.2. Enclosed Protective Installations. This dass lIs\laIl~ 
ofl'ers the nunllltag('s for fixed installations with 
low use nnd O(TUpnllI'Y fnctors. This is particularly 11'11(' 

for hi,"h-(,lJeI'ClT SIIIll,(,(,S \\"l\e1'(, tllP reduction in 111!1y 

result in :,;ig7iiflcHllt sHyings. The shi('ld requil'plllents 
are ('ollsidel'11 hly lUWN than for till' Exempt ProtectivC' 
[nstnllatioll. as llluch as 4.:3 HYL kss, ~-et, tile ill!Jl'rellt 
protectioll i", 811('h thnt tlte pussihility uf significant OVN

exposul'e is remote. "'ith propel' sllpel'\'isiUII, this ('lnss 
niTers n dC'grec of protectioll siJlliinr to the Exelllpt Instnl
lntion. 

;"3.:3. Open Protective Installations. This clllS" shall be 
seledccl onI~- if requirements preHn! tIlt' lise of 
eith('r of t b(' other For radiogrllphy, its IISP should 
he limited II to Jlwhile amI portHhle where 
fix('d shiddlllg' ('lllllwt h(· lIsed. Fluoros('opy he uow' 
only hy remot(' ohsernltioll, SUi'll []S dosed ('ireuit 
I elcyisi;lIl. . 

The o]lel'lltiuIlHl l'p([uin'l1lellls of othc'r of in~tH1l11-
tione; 1I111y l1('('e~sitnte IlS(' (Ii' this dURS. III t grullp mny 1)(' 
,;ul'h HjJplicHtiolls as pr(w('';'; control, thic1\J1ess and lPn·1 
gag('s, ('xpel'illlelltlll diii'rllctioll nppnrntils. etc. Thl'sl}{'cinl 

protediol\ requirel1lentf' for sneh installntiolls \\·ill lw 
included in pending reports of othel' sllh('OJlllllitt('(>s, 

The Pl'ol(·etion oj' Pt'l'sollllE'l :IIHJ the puhlic oepPlld" !ll
lllost ('lltiJ'('!~' on ~tri('( adher('nce' to "nre oppr1lling' )lI'O
(·~'clUl'es. "Jtll. tIllS ndl]('J'('I]('e, 0P(,l1 Pl'Otpf'tin' Instolln
lIOllS llIay ]))'0\'](11' n degrpe of pl'Ott'dio[] sil1liInr to tht' ollw]' 

4. Plans for Radiation Installations 

-1.1. Review by Qualified Expert. The ilt 1'1IcturnI ."hleld
rpquil'elllrnts of nlly 11('\\- installntiol\, or of an (·xistill;! 

ol1e in whieh dHIll~(,S are contemplated, "llOlIId he reyi('\\'(';\ 
by 11 qunIifieci expert party ill thp plnnnin!! "tllge. 

4.~. Informa~ion t~ be Supplied to Expert: The (,X])(, 1'1 
he proYlded-\nth 1I\'III]ab]e dntn ('OIl('('l'l1ill'Y the 
,'ollage or ellerg.\-, (I]' olltPl~t in Hhll1. 

contp)lIpIated 11SC' of tIll' SOlln'p, e''1)('d('(1 \\·o\'klond. 
Hl](l use I'll ('[O\'S. thf' stJ'llc1l11'a] d('tnil" oj' the huildill'" and 
the tnw of o('('.lIpancy of all nrptls \\·hidl might he' alh·('(c;/ 
bv the 1l1stallat I()II. 
. Daln for the> deterlllillnti()1l of pl'ut('diYe b<ll'l'iel' thickllPss('s 

lllny l,e fOllnd ill tIl(' np]lf'lldi('es of' thi:" Hn Illlhoo].; , Sep 
sl'l'tioll ;j 1'(11' strui'tnrnl rlf'tnils. 

LL Approval of Plans by Expert. Filial s hie 1 dill C; 
nnd nIl pertinel1 t S]H'I',if)cll tiOl,1S SllOllhl he ap])]'o"pd 11)' 

expert hplore con,;! J'lH'1 Jon begllls, 
, ~A. < Effect of Distance on 'Shielding Requirements. 

SllIPldlllg l'PlplIl'ellll'llt" O'('I\Pl'Hlly nun be reduced hy 10n]1 
the illstnllHtioll al n (fi"tHII('P' 1'1'01;1 o('cupieo arras, Sc,p 
In1>lps 7, fl. lllld 10 m nppPlJ(lif"'s D nlld E 1'01' llliuimull1 safe 
dist 111]('es.1 

4.5. Direction of Useful Beam. TIll' ('Oo;t or "hil'l(lill'" 11111Y 

be l'C'duccd sigilificnllll:-. by till' illstnllntiol\ s~ th:il 
tltt' useful h(';llll is dl]'('('('d to\\ 11]'( (\('('upied :Il'l'n" :1;;: lit tie ns 
possibl(·. (TllE)l'l~ i:", of ('(IUI'SP 110 ohje('(iml to dil'('l'til)o' the' 
lIsdul ~H"l1l1 at (lc('upiN[ nrea~ pl'(n-ld('d thpl'l' is ndl'(lU'ltl' 
prOil'('tlOll. ) 

4.f!, Cross ~ecti?n of Beam. Dpv,i('('s \\];il'h pel'llI:111elltly 
l'estl'l('t Ihe fhl'PctlOll Hnd ('I'OSS secllOll of the II sel'lI I I>POIII 

1'('<l1Ic(' the ared Il~ prilllHry ]llllTil'l's. 
7. Multiple Sources of Uadiation. \nlPl'P JWI'S»I!S Hl'e 

likd~Y to Ill' exposed to I'adinli()jl rrolll lllore t li:lll oil(' SOlItT;' 

Silll Uit:1l1 (,(llISI,\-. (;1' til dill'eJ'{'nl 1 illl(,S, tlw prtlt(·(,[ III a~
i)()('inipd \\ ith ('ad! ,,()lItT(' shall !H' i!l('l'('llS(·d "" tlull 11)(, toull 
d(lse I'P('('iv('d by allY OIl(' fl fl'llill all SOI[]'('{,S "hall !l()i 

ex(,('pd the JlWXilllll I dos(' 
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4.8. Radiation Energy, Output, and Workload. The 
shielding for each occupied area should he dderillined 011 

the b:isis of the exppetpd maxilllUln kilovolt age. or energy. 
ma or Rhlll. worJJoad. liSP fadOI', aud o('clIpnncy factor 
nffeding it. Consideration should lw given to the possihility 
that these nHlV inerPHse in the futllre. It Inav he more 
eef)nomieal to provide a higher of protection initially 
than to add to it IMer. 

4.9. Shielding for Films and Low-Level Counting Rooms . 
. \ttplllir'll should 1)(> given to the shielding of areas llsrd for 
the stornge of unden·loped films alld of rooms for measuring 
low-aetivit~, radionrtin' materiuls. (l'nde';eloped fnst x-ray 
111m mil,'; he damaged ln' exposures totaling sOlllewlwt less 
than 1 mR. depending upon film t~-pe nnd rndintion 
SeC' table 11. .\8 the shielding requirement for film Illa~' 
Ilppreeiabh~ greater than for perSOllllPl. it is usually lllore 
economical to store the film in a lead protecti\yC' enclosure 
than to place all of t he lead in the room barriers.') 

5. Structural Details of Protective Barriers 

Any material will pnn-ide t he l'(~q llired degree of shielding. 
if of sufficient thickrH'ss. At lower radiation energies. 
materials of high a tomir nUll! her provide the ntt enllation 
with t lenst barrier \,"eight. 

5.1. Quality of Protecti've Material. All shielding materi
nls shall hC' of assured quali ty, uniformi ty and perlllfmency. 

5.2. Lead Barriers. 
5.2.1. Lead harriNs shall he mounted in such a manner 

that they will not eold-flow because of their Dinl \night and 
shall be' protected against mechanical damage. . 

i'i.2.2. Lead sheets at joints shollid be in contact with n 
lap of at least one-half inch or twicl' the thiekness of tIl(' 
sheet, whichever is the greater. 

5.2.3. 'Yelded or burned lead seams are permissihle, 
pro\'ided the lend equivalent of the seHlns is not less than the 
minimum requirement. 

5.~i. Joints Between Different Materials or Structures. 
5.3.1. Join ts between different kinds of protective 

materials shall be constructed so that the oYerllll protedion 
of the harrier is not impaired. 

5.:3.2 .• Toints ilt the floor and eeiling' shall he ('lll1strudecl 
so that the onrall protection is Hot impain·d. (See 1 
nlld 2 for exnmples.) 

.'5.4. Shielding of Openings in Protective Barriers. In tIw 
planning of an installation, ('ardu} consideration should be 

6 

FIG1.:UE 1. Exam.ple of a wall joint. 

gin'll t~} reducing the number nnd size of all perforations of 
prot.edl ve barriers Ilnd openillgs iut 0 protected nn~ns. P1'O
teetlOl1 for all such openillgs shall he provided meilns of 
suitahle protective bafHes. 

.'5,.j.1. Perforations. Provision should he made to 
ellsll.l'E' t hut nails, or :,HTeWS ,,-hich perforate lead 
bnlT](']'s shnll he coyered to protection equivalent to 
that of the Ilnperforated bnrrier. 

5.4.2. Openings for Pipes, Ducts, Conduits, I,ouvers 
etc. Holes in 1111lTiel's for pipes, ('ol1d uits. louvers: 
etc., slr:lll he pro\"i(led with haffles to insure that the (werHll 
protE'dlOll nffordf'd h~- the b,lrrier is !lot impailwL 'IllesI' 
holes should he located outside the rnnge of possible oric'llta-
lions of the llsci'ul henm. -
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t).4.:L Doors and Observation Windows. The lend 
equinllrllt oj' doors and OhSPI'Ylltion willdows of ('XPOSlll'l' 
roOlllS, (,llhidps, and cnbinl'ts shall !lot be Ipss than that 
requi],ed for till' \\~alls ()!' hnrl'iN ill "hidl the~' Ill''' lor'nted. 

[J.[J. General Protection Requirements for Doors into Pro
tected Areas. 

;'i.[J.I. Location of Doors. "~llPrp prndi('nl. doors into 
exposure ]'oOlllS should be so lo('ated. that the opl'rutor has 
control uf [1('('ess to the roolll. 

5.;'i.:!. lnterlock Switches for Doors. .\tll doors and 
ptll1pls opellil'g.' illto an ('XP()SU!'P rOOlll 0]' (,DbinPl ('x('ept 
thosp \\·!ticl! ('UII hl' oI)(,lled OJ' l'('1I1o\"ed .ollly witll tools) 
shall be prO\"ided ,,"illt illtel'locki~lg switdlPS pn'YPllting 
irradintiolI unl"ss thl' door or pllllPllS dosed . 

.1.[J.:t Resumption of Operation. If tile operation of 
am" radiatio]1 s01ll'('e has bl'(,1l inteJ'l'upted the opPlling 
of 'n door OJ' panel to n Pl'lltpdiYe Installntioll, it shall not 
be tll l'eSlllllP opprlltiull hy lllerely dosing tllp door 
or pnlleJ ill <plt'stioll. To reSUllle operation,. it shall .1)(' 
lle('('SStll'Y, ill addition, to rpspj llU1JlUHlly a smtnblp dp\'J('C' 

locntl'd ;1l'Ur the Op0l'atOl"s stntiOll. 
:i.5.4. Escape, or Interruption of Irradiation, from -In

side Exposure Hoom. Whl'llPnr pract i~'H hll', t IlP I'XI)(lSlIJ'l' 
WOlll ~hull inciud" at l(,llst OJlP door \yjllch mny he OP011l'd 
from the inside. IYhpll such ,\ doo]' is Hot includpd. suitable 
1ll(':tnf' slwIl he prr,\"j(lPd to lluidd~- i.llterl'llpt ,it'r~ldintio.11 
frolll inside the room. The Illl'nn:-< 01 n('('olllph~hllig tJlls 
shall Jw ('xplnillPd tt' nll lJC'rsollllel and 11 ~igll pxplllinilli': its 
use shall he ('oIlSpi('UOIlSly' po~ted illSid(' tll(, eXpllSlIl'P room. 
Pl'Pi'f'rably". til(' bPHlll should !lot 1)(' dirp('(ed towill'll tllt' dool' 
or intel'l'uptillg lllPflns. 

ii.;'>,;"). Threshold Baffle for Door Sill. .\. door hufflt' 0]' 

threslw[d llHl~" 1)(' I'Pqllil'pd ,for instnllatio])s 0pPI'nt abo~"p 
125 if tllp dis('Olltilllllt'l; CUll h(, struck hy the' usp/ul 
beam, figurp 2 for pxnrnple that filifill" t 11(' bum!' 
requin'Illl'llt.) ., 

5.iUI. Lap of Door Jamb. Thp pl'ot('dlv(' h>tld. ('o\'ermg 
of n IlY dool' lending to llll ('xposu!'p I'OOIll or I'n hlllPt shall 
on·rlar that oj' tll('~d()nr ,llllh and linu'l :00 ns to l'('r\ll('(, till> 
radilltioll pnssing t dean11)('(' spa('('s to thL' allowii.ble 
limi t for t he door itsdi'. 

6. Radiation Protection Surveys and Inspections 

Ii. I. Survey of New Installations, Bdol:(' ~ Ill',' installn
tioll i" pl<l(·pd in rOlltillP oppratioll a l'HcilHtlO1l pl'otel'tioll 
S111'\'('y sl1nl1 hp Illi,de' l,~' n qunlified ('XPPI't. 
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0.2. Changes in Existing Installations. A I'adiation pro
te('lioll resul";ey 01' reenduntion by It quulifipd expel-t shall 
be made when chungeil Itnye l)('ell made ill shie'ld opel'n-
lion, l'quiplllent or occupancy of adjaccnt arp<lS, the"e 
changes lIlay han' advel'sPl,v affected radiation prote('tioll. 
A qunlified expert should be eOllsulted in ease of doubt. 

G.:l. Report of Radiation Protection Survey. ); 0 existin(~ 
i nst alla t iOIl sh nil be ass limed to eon form wi tIl t he' pl'ovision~ 
of this standard unlpss u radiation protectioll suney h,IS 
bPNl mnde by a qualified t'xpert and a rpport of the suryey 
has be'en placed 011 Jile at the instnUation. . 

GA. Elimination of Hazards. The radiation that 
may 1)(' found in the (,OUl'S(, 01' tl slIrvev shall be p[iminated 
before the installntioll is used routiI1('Iv: 

6.5. Retention of Survey Reports. 'Heports or all radia-
tion protection surveys Sh,l11 be I'etninpd 11('1' with n 
record or the u('tiolJ t;;ken with resppct to recollllnenda-
tions they ('ontain. 

G,G. Radiation Protection Survey Procedures. A radi,l~ 
t iOI1 prote'ction surny shall indudp tIll' i'ollO\\'inf!: pro('{,d mes: 

G.G.!. Installation Inspection. The installa tion shall 
be inspected to nrify 01' deterlllilH' till' prpse'llt und expcrted 
o('eupHlwy 01' t1IP udjucent arPHS; tIl(' opel'ntioll or audible 
or yisible \yarning interlocks, lllf'dwniC',d 01' eleclrical 
restrictions 01' tilP positioning or the radiation somee, delay 

nnd other deyices tlwt lnn"e a benring on radiation 
pl·otection. 

o.G.2. Radiation Measurements. Rndiat ion exposUI'P 
shall he measured ill all adjal'ent areas that can bc oC'cnpie'd. 
'1'11(' llleasurc'menls shall be nwde under practical conditions 
of operation that \\'ill result in tile' exp0811]'e' at the 
point of interC'st. apparatus should b<' operated nt 
tllp maxilllullI kilo\"oltllge nnd at its maximUlll millinlllpemge 
ror ('outinllolls operation at that voltage. 

fi.G.:3. Personnel Monitoring. Till' adequacy or the 
personnf'l monitoring pro('cdul'es sball be detprmined for 
Ell(·losp(] nnJ Oppn Protectiy(' Installations. (Pp]'sollllel 
1ll0llito]'illg is not required 1'01' Exempt Protel'tin' Installa
tions hut mny be desirnbll' \dlPre persons [un'p to pnte]' the 
radia t ion enclosure.) 

fi.GA. Contents of Radiation Protection Survey Report. 
/\. rpport of n rntiiation prot{'('tion SUITev shnll include: 

6.H.4.1. Tdcntifi('ation 0/ tilt' radi~llioll SOlII'I'P and in
stallation by Rlliluh]p IlH'anS, P.l.!: .. 8eriul IHll1lbel', room 
llumbpI', lind build;ll!.! llUlllbel' Ol' ~ . 

6.6.4.2. Tht' j'dpntity alld Hlliti oj' tI gnllJlllH source, 
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and the potentilll Hnd current at which an X-l'llY tube WHS 

opernted dming t he test. 
G.6.4.;~. The location of the source and the oriptliation 

of the USE'l'ul bCl111l with l"E'lation to eaell exposure mensur('
ment. 

6.6.4.4. Exposure rate" in nllll(.lj:went. O('('ll]~ied a~~ns. 
The locations of the l1H'tlSnrements slwil be smhlbly ldrntltied, 
if necessary, hy 11 ppropriate dnl\\,inl!s.. . . 

6.6.4 . .5. c\. description of tnE'. ('xlstmg ~11rcha.meal, and 
electricHllimitinu: clPYices tl1/11 restrH't the orientation 01 the 
useful beam nnei' the position of the source. . 

6.6..1.6. A statement indicating the appropriatr dassJ
tication of the installation. 

6.6.4.7. c\. QnU'l1lent of the n'strictiotls, if ally, that 
shaUll(' pln('C'd OIl the \\'eekly ,,'orkload, degree or occupancy 
Hnd the time that tll(' useful heam may be chrect('d at 1my 
barrier. . 

6.6.4.K. If nn installation is found not to comply 
with this standard, it shlill be stated what action must be 
t nken to ens \lre compli ,lIle(': if ,1 reSlll'YeY will be r('q uired, 
it should he so stated. 

6.6.5. Inspections. .-\,11 l'adintion shi~lds, interloc~illt: 
lind other sllfety deyices shall he lIlspl'eled penodl

callv as schrduled Uy (he radiation supen-isor. (See pm' 
7.2,) , 

6.6.0.1. Inspection shall be made by a competent 
person but !lot necessarily by a qUlllified exr~erL 

6.6 . .:': •. 2. Defectin ghields and blll'l'lerS shall be 
promptly repaired fwd t~\~ insppction shall be. repeated to 
dC'termine whether the orwm<ll deuree 01 protectIOn htls been 
restored. II' there is doub~ about the adequacy of the repair, 
a qualified expert shall be consulted. . . 

6,6.0.3. Inspection of protecl1n' denees is not a 
substitute for a radintion protection surny. 

7. Operating Procedures 

7.1. Restrictions According to Classification. . 
7.1.1. Exempt Protective Installations. i\ 0 re,;,tTlc

tions shall be imposed on the mode of operatIOn ot the 
equipment. 

7.1.2. Enclosed Protective Installations. 
7.1.2.1. Since the safe operation of an Enelo?ed 

ProtectiYe Installation is based on the normal operatmg 
conditions spec'ified in the applicable radiation prote~ti~n 
survey report, the equipment shall be operated only wlthm 
the indicated limits. 
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7.1.2.2. \\'ben the opernting conditions hay(' ('harw('d 
so that t}lere is H pro1ml~ili~y that the .exposure or any pet~OIl 
ma,\' b(' IIlcl'eased, 11 l'adllltJon protecltolJ resurn'\, 0]' eYHlua
tion shnll be condueted. III ('ns(' or doubt, n qu,;lilied CXPNt 
should be consulted. 

.'.2. Control?f Personnel. The employ(·r or his reprAsent
atl\'e shall deSIgnate a competent employee ;is tIte Hadia
tion P~'O~e('liOll SllP(~ITisor. This employee shall he qllulifipd 
by trHmmg; or expenenee to carry out his duties ns indicated 
below: 

7.2.~. Insuring that all Enclosed and Open ProteetiYe 
InstullllllOllS are operated within the limitations or tIle 
appropriate radintion protection SUI'n'\' reports. 

7.2.2. The instruction of personlwl ill s11fe workinu: 
prndices and the nature of injuries resultin o' 1'1'0111 oYe{'-
exposure to 1'<1diation. " 

7.2.:3. IllYestigating any cage of abnormal exposure 
to ppl'sOHlwl to deternune the Cl1nse and to take rellledial 
a(,tioll. 

7.2.4. Assurillg thnt intprlock swilehes, warnintr si<rllals 
and signs arc rUllctioning nnd located "where r('(luir~d. '" 

7 .:;. Radiation Safety Instructions. Hadilltion safet y i11-
8t1'u('tio11S should be posted and fU\'Ilished to each radi;ltioll 
\\'orker in \\TitinO'. 

7.4. Personnel Monitoring 
7.4.1. Personnel monitoring shall Iw required for all 

worke,l's involved ill t~1e use of l'u(;lintioll apparatus ill Open 
Ilnd Endospd 1']'ote('t1\'e InstnllatLOns. 
. . ~.4.2. Personnel monitoring shall be l'Pquil'pd for el1('h 
mdlYldual for \\'!tom t it('re is H l'e,lsonn ble probll bilit\' of 
reC'PI\'mg a radiation dose in nny OIlP culembu' quartpl' in 
exccss of 25 percent of the applicable )'[PDE per ealendal' 
quurter. (See table 1, appendix B.) This limit dOes not 
inc'lude medieal exposures. 

7.4,;".. A qualified expert should be eonsult('d on the 
establishment of personnel monitoring systems. 

Appendix A. Definitions 
Terms ill this standard will be used in nC('(ll'(lnl1ce with tlte' 

following brief definitiolls: 
Shall denotes tlla t the ellsuing l'ecolllll1endu t ion is neeps

sary or. essential to meet the ('un:en tly accepted standards of 
pl'otel'1lOn. 

Should, is recommended, indinltes advisorY l'pcmnlllenda
tions thnt are to he applied \y1!ell prH(,ticubll'.' 

Absorbed dose. Energy imparted Lo mattei' by ionizing 
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partieles pel' llnit mass of irradiated lllflterinl at tllll place 
of interpst. Tlte unit of absorhed dose is the ('Ir!. (\rhrn 
the Illellilills;' is dear. this terlll lllllY be shortelled to dos(.) 

Activity. 'The nlllnher of fitOl'llS pel' unit of 
tinIP, 

rnte callSI'd by the Attenuation. Decrease in 
passage of radiatioll throll~h 

Barrier. (SN' pmtrtfiIY bal'l'io',) 
Concrete equivalent. TIIP thid~l1f'sS of (,OIHTl'te of df'll-

2.:15 s:: ('I' (147 Ih It the same nttelluation. 
under spe;'ified conditions, as the llIatel'illl in (lIlestion. 

Contamination " I'adioad i,e:. or l'nd inactive 
materinl ill nll~" pla;'e whel'p it is 1I0t !llld [lnrti(,1I1arl~-
in all~" plllce when' its presP1H'(' can be harmful. The harm 
mny be in \-itiating the yalidity or un eXpel'ill]{'nt or a 
pJ'ocpdlll'e. or in actually hping il SOU]'(',' of dungPl' 10 p{'['sons. 

Controlled area. .\. defilled aren in whiciJ the O('('upa
tional f'xpOSlll'e of persulllld to radiation or to l'llllioudiYe 
materinl is Hilder the slIpeni"ioll of till indiyid\l!tl ill charge 
of radintioll protectioll. (This implies that i1 ('(lIltrollf'd 
area is OJW that requires ('()J]trC!1 ()f access, O('('llptll](')-, and 
working ('ollditiolls for radiatioll protp{'(ion purposes.) 

Curiage. The nUlIl her of emil'S (kilo('uries, lllilli('uries. 
mir'l'm'urips·). 

Curie, :\. unit of ncti\-ity defiupd as the ,Ictiyity of 
n quantity of (m~' nllliondive llll('[ide the 1I1l1;lher 
of disintegrations pel' set'tJlld is ;j.700 

Dose. Sec tlbsorb(l{ rlORI' and dose 
Dose equivalent CD E). Dosp 

of dose D, qnalit~- f,wtOl' 
factor (DY), and other necessary 
(QF) (DF) ... 

pl'Odnd 
distrihution 

(DE)=D 

NOTE: The term REE dose has been used in the past, in both radio
biology and radi!ltion prot('ction. Tllhl term 110\\' rrs(·rq·d for radio
biology only and is replaeed by Dose Eqni\'alent (UE) for rarlilitioll 
protection. 

Quality Factor (QF). The linenr-eners::y-tralls!'cr-de
pendellt factO)' by \\ hicl! ahsorbed doses :ll~e to be Illul
tipliC'd to ohtnill fol' rudintioll protPction purpos('s. a 
qualltity llHll expresses (lll it (,OIlIJlHlIl scale ror nil iOlliziug' 
rndiuti(lllS, 1 lIe irrndintioll ilH·tllTed b~- ('xposed I){'l'::;OIlS. 

Dose Distribution Factor (DF). TIlC' I'ndol' llspd to 
tIle modificatioll 01' biologicul dl'pct (lIIP to nOll
distrihutioll of illtel'lwlly' deposit(,(j 

Dose rate. Dose per unit tillH'. 

12 

Exposure. The exposure of x or gumma radiation nt a 
n>rtuin pInel' is it measure of the radiatioll that is ha::;pd 
UpOll its ability to produce ionizatioll ill air, The ullit of 
exposure is the l'I)MI.tyen. 

Exposure rate. Exposure per unit time. 
Exempt protective installation. An x

instnllation which conforllls with all thC' 
2.1 (See Pl'OtfCtiCf iIl8ta./lntl:on 

Enclosed protective installation. "\.n x
instnllntion whi('h conrorms with all the 
pnragl'ilph 2.2. Prottctil'l' 

Half-value layer (H\'L). Thid~IlPss an absorher re-
to attenuate 11 Ileum of radiation to 

Installation. >\. radiatioll S(JUJ'('('. \\itlJ its associatpd 
equipment, and the spacC' ill which it is IO(,Ht('d. (SC'l' 
Pl'Otectice 1:n8fallatioii; E,rempt jitotlc/il't il/.~t(/llatioli; l:.:/l
dosed protectil'e installation; Opell jim/eeti!'( in8tallation.) 

I~te.rlock. A deyjce for predudini2; access to an nreH of 
rn(h~tlOn hnllard either hy prc\"('nting Plltl'.\' or by Ilutn
lllnhcally removing the hazard. 

Lead equivalent. The thidmess or lead affording the 
same attenuation, 1ll1der speciJied ('onditiollS ns the mnteritll 
ill question, ' 

Leakage radiation. (See R(uliation.) 
Maximum permissible dose equivalent (.\lPDE). The 

mHximUlll dose p(111iYalent that thl' body of a person or 
thel'cor shall he permitted to ill a 

8tateel of time. For the radiations ('onsidel'ed 
t he dose eq uiyulC'lI t ill relllS mny he eonsidf'red 
equal to the absorhed dose in rMls and the exposUI'C 

nUlllt'ricnlly equal to the nbsorhed dose in mds, 
1, uppendix g,) 

Monitoring. Periodie or continuous (){·tC'rmination of the 
cxp~slll'e rate in an nretl Careu lllo11itOl'illi-':'l or tIl(' exposlll'P 
l'l'(,Plvl'd n person (persollllellllonitorillg) 01' tllp measlll'P
ment of {'ontHlnination le\'{'ls. 

Occupancy factor ('1'), The factor by which the workload 
should be multiplied .to ('OlTe.ct for the degree or type of 
occupancy of the area III q lll'stlOn. 

Occupied area. "\.11 nrpa that llln~' he o('('upipd b\' persons. 
Open protective installation. "\.n x- or galllllla-ra\' ill

stallation whieh ('OllrOl'lllS with nil the l'equil'emellts of 
purngmph 2.:L (See Pl'otectil'e in.'<tallo/ilJlI.) 

Protective barrier. Harrier of attenuating material 
to reduce radiation h'lllards. 

Primary protective barrier. Barrier sufficient to attenuate 
the useful beam to t he required level. 

13 



Secondary protective barrier. Burrit'r sufficient to at t('n
uate stray radiation to dlE' required h'vpl. 

Protective Source Housing. En('lo~\!;,' ;'01' ;"p,!lpd gamma 
sources. which limits til{' leakag" ra(tl;dJOll to a spceifipd 
lpyel. 1t shall conform to the following requil'Pl1lPlltS: 

\vith the shutter closed or the source ill the "oft''' 
position: 

(1) the aVt'rul!e exposure rate at .5 cm from smfae5' 
shall not exceed 20 mR per hour, nnd maxI-
mum exposure mte shall not exceed 100 lIlR pel' 
hour: 

(2) the aw'rnge exposure rate at 100 ern from thp sourcp 
shall lIOt 2 111 R per hour, and the maxi
mum exposure rnte shall not exceed 10 mR per 
hour' 

(b) remote m~ans shall be proyided for bringing source 
into its exposure and positions. 

Protective Tube Housing. The housing which sUl'l'ounds 
the x-ray tuhe itself. or the tube and other parts of the x-m~~ 
apparatus (for (·xHmple. trllllsformer) shall be so eOllstructed 
that lenktlO'e radiation at a distallf'e of 100 em froll1 the 
target cannot ';.xceed 1 roentgpn in 1 hI', when the tube is 
operated at nny of its specified mtings. 

Qualified expert. A perSOll 11!lYin~ the kllowledge and 
trainin" ll('('essan- to measure ionizing radin tions and to 
advise ~'egal'llil1g 'radiation proteetion, for examp)p, rersons 
certified in this field by the American Boards of Radiology, 
Health Ph\-sics, or Industri,ll Jfygiene. 

Radiation protection supervisor. Person din'ctl~- respon
sible for radiation protection. It is his duty to ins1l1'e that 
all procedUl'Ps are carried out in eompliance ,dt h pertinen t 
established rules, includil1!! recommendations eontailled in 
this Handbook. . . 

Radiation protection survey. ion of the radiation 
hazards in and around an instHllntion. It customarily 
includes Ii physieal suney of the arrangement Imd usc or the 
equipment and measurements of the exposure rates under 
expected operatinl! conditions. 

Radiation (ionizing radiation). Electromagnet il' rlldia
tion (x-rny or gnmlllH-ray photons Of quanta), or corpuscular 
radiation (alpha particles, beta particles, electrons, positrons, 
protons, neutrons, alld hellYY partides) capable of producing 
ions. 

Primary radiation. 
X rays. Radiatioll (·ollling directly frolll the target 

of the x-my tube. Except for useful beam, 

the bulk of this radiation is absorbed in the t ubc 
housing. 

(b) Beta and gamma rays. Hndiation ('omino' dirpcth' 
from the mdiotletiye source. ,..... 

Secondary radiation. Radiation OllieI' thall the pri
lIlllrY radiation, elllit ted bv irmdi,\tpd Illittier 

(;j) Scattered radiation. Hndi,ltioll th'lt, during; p'nssage 
through nJ:ltter, Ilns been deviated in direction and 
usually has also had its diminished. 

(4) Useful beam. That part of primarY and second-
ary rndilliion which passes through' the aperture, 
cone, 01' other device for collimation. 

Leakage radiation. All radiation, except the useful 
bl'UIl1, ('ollling from the tube 0)' souree housirw. 

(I)) Stray radiation. Radiation other than the ~lseful 
beam. It includes radiation :md secondarY 
rndiation. ' 

Rad. Pnit of absorbed dose. rad is 100 ergs/". 
Rem. Fnit of equiYalent (Dli:). to 

Rhm. Rocntgens per hour lIt 1 III fro\]] the effective 
center of the sou),ce. (This distance is llsuallv measlll'ed to 
the llcarest surface of the source as its efIecliYe center gener-
ally is not kno\\n.) . 

Roentgen (H). Cnit or exposure of x- or gammH-mclintioll. 
One roentgen is an exposure of x-radiation ~or gnmll1u-mdiu-
tion such that associated ar enllSSIOI1 per 

cHlTying 1 psu of 0.00129:3 g of nil' produces, in air, 
quantity of electrieity of either sign. 

Sealed source. Radioadi,'e material that is encased in. 
und is to be used ill, 11 container in a manner intellded to 
preyell t leakag'e of ( he radioaetiyc material. 

Source. Discret e amount of radioact iYe ll111teriul or 
rndiatioll producing equipl\Jent. 

Scattered radiation. (See Radiation.) 
Secondary radiation. (Sec Radl:ation.) 
Secondary protective barrier. (See Protecti1'( barriO'.) 
Stray radiation. (See Radiation.) 
Surv~y. Radiation surrey.) 
SpeCific gamma-.ray constant (1'). Specific gamma-ray 

('ons.tant. [28] (speclfie gumlllH-ray output) of a rndioactin 
Ill[('hde IS the pxposure rate produeed 1)\- the unfiltered 
gamllla rnys from It poillt sourep of n defined' quantity of thnt 
nuclide nt a defined distance. The unit of specific (ya;nmn-rnv 
('onstallt is the roentgen per millicurie hour at 1 (,I~l. ' 

Tenth value layer ('1'\'1.). Thickness of an absorber 
required to attenuate Ii beam of radiation to tlne-tenth. 
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Use factor (U). The fraetion of the ""orkload during 
whieh the useful beam is pointed in the direction under 
consideration. 

Useful beam. Radiation.) 
User. A person. organization, or institution having 

administrative control over one or more installations or 
mobile sources. 

Workload. A measure in suitable units or the amount of 
use of radiation equipment. For the purpose of this ,.;tand-
anI the workload is in millliampere-millutes pel' 
\yeek for x-ray sources and per week at 100 em 
from the soune for gamma-ray sources. 

Appendix B. :\laximum Permissible Dose Equivalent 
Values 

TABLE 1. J[o.Xilll1i1ll 

Xotes: 
-,-Y = Age in year~ and is 
a For de;.;ign 
b Whl'n thl' 

it sholl be 
5(X-\il). 

P('r~oll.s who wert: rxposed in 
do:-:.e of 0.3 H'l11 ann who have 
:::ha11 be H'stricteu to it HJ,Jximum 

c Thi) clost, l'quivah'rtt in rrms 
d Exposurl' of nlltir'nts for 

pcnnissiblc dose equlvalpl1t. 
, See Am . .J. Roen. 84. 152 (1960). (2J] 
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do~e 

\Iaximum 
accumu

lated 
dose b 

Tern e 

111(11\'I<111"" i~ not rlrflnitrly known, 
pNmitted by th,> formula 

forlllPr ruaxilul1m })ermi:':'ible weekly 
th,Ul tit at pI'rlllit1l'd by the formula 

eqn:ll to tll(' e:\po~ur{' ill ro('ntgl'n~. 
purposp.:; is. not in('\ tIded in the maximulll 

Appendix C. Occupancy and Use Factors 

TABLE 2. Oce upanc!I fac/ors (T) 

[For 

_.c-",~=~~c=========,===, -"---'---=--===-~--~---

Control 
offices, 
rOOTnS 
quarters. 

Full occupancy (T=' 1) 

and iyaiting space, darkrooms. \\'orkrooms, shops, 
corridors large enough to hold desks. rrst amI loungp 

used hy occupationally eX]lo:;cd persOIlllel, lii'iug 
play areas, occupied space ill adjoining buildings. 

--------~-----------,----, 
Partial OCCUpftlHly (T= 1/4) 

Corridors too narrow for dpsks, utility rooms, rl'st and lounge rooms 
not llsed routinely by occupatioIlally exposed personnel, ('lcyntors 
:lsing operators, unattpndcd pMking lots. 

O('casional occupancy (T= 1/16) 

Closets too small for future occupancy, toilets not used routill(']~' b~' 

[For 

stairways, automati(' dn'nt.or" 
or vehicular k:l me. 

TABLE 3. flse fa.etors (Uj 

planning shieldlug when complete data arC' not 3.vaiinbh'.] 

Installation ust' 
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Exempt 
all use::! 

Erwlosed 
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Appendix D. Determination of Gamma-Rav Pro-
tective Barrier Thicknesses . 

The thickness of protectiYe barrier necessan- to reduce 
the gamrna rays from a sealed l-!:umlllil sour('(' fo the maxi
mum permissible le\-el dppencls npon the em'rgy of the radia
tion, design of the sonree hOllsing, beam diameter, seattered 
radiation from irradiated ohjects, the use factor (fraetioll of 
the time during which the radiation is incident on the 
harrier), from the source to occupied areas, degree 
and nature of oceupaney, type of installation, and the ma
terial of which the hlll'l'ier is constructed. 

'fable 4 gins dllta on radioactiye gamma-ray SOurces or 
interest for industrial purposes, inrluding the (,llergy of the 
gamma rays emitted. Tables 5 through 8 shiddinl-!: 
requirements for seyeral commonly used types of souree. 
Oeellsionally, eonditions are not eonred by the tables and 
it will then he neeessary to resort to computation of the 
harrier requirements using the transmission euryes III 

,-arious materials, :.1 through Hi. 

TABLJ:: j, Gamma-ray sources 
,""=====c'==' 
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WlJ'l''' 

80,l101L 
40,llOO 
2!1,IXXI 
Hl,(X~I_ 

5.n0(1_ 
2,:)00 
1,2;>lL 
fi2il_ 
310 

Prim:trv _ 
Sr.('on(I:'lr~-: 

r Jl'~l k;t~(\ II 

TABLE 5B. Cobalt 60 sileilrUn(f requirements for controlled area,,' 

Curll'S rJ approx:. 

2000 
1000 
"Oil 
200 

Approx, 

I! \' I, 
(in,) 

2. f) 

TVL 
(ill.) 

8. g 47.5 

lfl 

,1".1 42.7 

20.7 1S,3 
IS.a 1.>. (\ 
'2~, 1 '25,7 
24. (i ::'2,2 
21.7 1~. 4 

13.2 
l1.fl 

Dbtau('e from source to occlIpi.,,1 areas (It) 

2() 
1 4 
1 () 
7 

;, 

28 ·10 
~O 21> 
11 2() 
III 1·\ 

7 10 
[, 7 

[, 

40 
28 
20 

11 
10 
7 
;, 

'i'ltiekn('~s nf eonerrte {dP1l8lty 1 \7 lhjctl rt) OtU 

40. :l :17.8 ;{fl.4 32.9 30 .. > 

1.'>.1\ l~, H 10.2 7.3 ,l. 4 
12. U 10.2 7. :j 4.4 1.4 
~3.2 'JO.fi Ht'l l;,.S la.3 
HI. H 17 4 Jr,. () 12.ft 10. ~ 
17.1 11.8 12. :l 10. (l ! 
11.4 7, S 

0, {) 4. 
,!).l :1.7 

40 
2K 40 

211 2X 
14 2() 
HI 14 
7 10 
[, 7 10 

28.0 25, t) ~;l. 1 

0 (I 

0 0 
5. \J 
3.0 
O. ,~) 

0 
() 
(1 

pOSition. 
frmn tIl(' collimator flnd from the phuntom, {From 

----------------------------_ ......... _-

NI .... 

TABU: 6A. ('c,~iltrn 187 sheildin(f requirements for con/rolled areas a 

\\T'I' " Curit':;' c appro:\:. Di::;tance from source to oecupic(l an-as (ft) 
----------

H) 2H 40 
20 2~ 40 
14 20 2K 
iii 11 :!o 
7 10 11 

7 10 

Approx. 

T~'l)(' of hnrriPr Thickness of lend (em) 

2,1 In,!) 9. ~) V.3 (i. 7 fL 1 

2.9 0.4 0 
2.3 0 0 
4.4 2.H 2 ., 

3.3 L7 1.4 
Li, (},7 0.5 

0,0 (l.X (1,;1 U.2 

f:I. For \1 wt'('kly dl'Sigl.l lcv('} of 100 mit: add OlW ttmth·vahw lay('r (TVL) for rt'!:!ioJl~ in the environs to reduce to 10 mH.!wcck. 
t. nr=wnrkload in H/Wl'('k at l TTl, U=mw f'ldor, 1'=(wtujlalley factor. 
(l .\:<;:'UHl(·~ n:"il' factor \ f,') and oc('upaf1ey factor (T) an~ P1llwl to 01H'. 

m iu lion" position. 

10 
~8 40 
20 28 
!4 20 
to 14 

5 . .5 4.8 

0 [) 

0 0 
1.7 L3 
1.11 0.7 
0.4 (1.2 
(1.2 U.I 

J Hd('r" to It'akagr radbtion Df c'ourcc hOIl:"Iillg; may lw i{!Tlorcd if kss than 2.5 mR/hr at 
~ For lar~e fil'ld (:20 CHI 'iiam) nIHi a soure,,-s~;J.tten'r dist;\ll(~t' of 50 em. This includes scutt(>ring from an obliquely positioned flat scatter<'r. 

40 
28 
~o 

4.1 

0 
U 
II.S 
0.4 
0.1 
003 
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TABU] GU. Cesium 187 shieldin(! rC'lllirClIwnts for controlled areas . 
W["I'I, ('urit.~ c approx. 1 )istauee from :';OUf('t' to occupied arcus (rt) 

~l.OO(L .. III II 211 ~K 4(J 
12.0()1I. 10 14 28 10 
1;,000_ ') III ~() '2~ 
:1,0011 ~;iO 7 I! 20 
l,iilHI, 1''?5 III II 
7[,0 10 
37;; 

APPfOX:. 

Typt' of harril:r 
llVL TVL 

Thickne.s:-; of ('OIH:rt'te (in,) 

(in.) (in.) 

1).2 :m.2 2K.:I ! :.?II.:! 24. c! 2'2.4 20.6 

11.2 14. H 12. \I 11.11 (1.1 7.0 ,j. 9 ~. 0 0 
Ii. 2 12.9 11.0 (I, I 7.0 4. 'J 2. H 0 () 

fl. I 23,4 21. 6 1\1.8 IRO Ill. 2 14.4 12,1; W.7 
1. !I 18,8 17,3 15. H 14.3 12.8 11.3 ~). 8 8.4 
4.7 16.3' 14. I) l:t5 12. () 10.6 H. '2 I 7.8 6. ·1 
1.4 14. II 13.6 12, :l ILO H.ti 8.:l , 7.0 [),7 

a For it wc('kly uPB:ign levr'l of 100 mR; add one tcnth~value layer (TVL) for rpglons ill til{' PHvirons to re(hH'~ to 10 ml-t/wc('k. 
L JV=workload in }{/wl~ek at 1 Ill, U=use factor, T=oecupancy f,-\CtOL 
r A&;ume~ use fclCtor «(1) and oceupaney (tV",tor (7') are l'qnul to one. 

40 
2:") 40 
20 2K 
14 20 
HI 14 

IS.7 16. ~ 

0 I) 
{) 0 

8,8 7.0 
6.9 fi.5 
5.0 :1.7 
4.3 3,0 

d Hdt'rs to leakllgr' radiation of source housing; may be ignored if h\ss than :2,tl mH/hr at I mill "on" position. 
,.. Il'or largf" fil'ld {:"1() em dianl) and a sonrcc-,s('att.{'wr distanet' of 50 I'm, This indude<; only f'('aUPfing from an ohliqudy positiollPU flat scattt'fef. 
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SCATTERED 
RADIATION 

FlGrRE Ii:!. Transmi.s8ion COlicrete (dellsit!! 141 
co/)oU 110 s('oIlNei/ (wlio/ion cylindrical Jfosonile 
,to-c//i diam ,field a/ 1 III from source [10], 
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FWl'Rf: Gb. TronslI!i.s·Qion throuQh /mr/ 
from cylindrical .lJasom·te phan/oJII, 
sOluce [10]. 
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for controlled areas to reduce c.rpoolUP to 0,1 R per 40 hr, 
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Appendix E. Tables of General X-Ray Information 

TABLE \1. Di8tallce pro/Ntlon (in feet) against liseflll beall/ In controller! 
areaN 

[}"'or desilIn purposes only, the maximum pffmissihle eXpOSUTi' is takeH t~) bo 100 mH/\\k.J 

Kilovoltagl' 

X -ray Olltpu t \ K,) (R/m,,
min at 1 rn) 

50 

0.05 

iO 

11.1 

II TV=workload ill milliarnper('~rnlnlltl's rlPr WPf'k. 
t' = use factor, 
7'= occupancy ["dor. 

:n 

2,()OO 

2Sll 

Distance in feet 
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Appendix F. X-Ray Shielding Tables for Controlled 
Areas and Environs 11] 
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'2.fi 2. :1 :.!.n 
:':0(1 0. 1).·1 !i. U [,.4 
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11.:$ Iii. I 
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'.l. 

)d fl. 7 fl. !) 
'21. Ii In. K lK() 

I~. II 1il.1 KH 

I )i:--Ll\l(T frolll luilt' lo ('t'('lIpi, i! ,In'a 

II 

1·\ :;0 '2)ooi III 
I" H :20 '.:;., : 

!O II 211 
10 II 

10 

Thickness of lead d 
mm 
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1.2 1.0 o. K 
:LO '2. 7 ~. ,1 
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'111 :!H 
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I" II 
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1.0 ".~ 
Ii. 1 
1.3 
11.1 
2. n 
iL 2 
2. H 
lI.3 

Ii. x fl,:l 
1. rj O. f) 

to r('dWT r:uliatloH to 10 ml{fwt~(\.k, 
to 011(' (:)r ("oHtrolled arc:).;: :U\d IIIay bt' k;.;s than O!l(' for ('I1\'irnns. 

,. T!J(':-zl' ~U';' al 

d 'rlie inoicalE'd values for mm lead arc {or pulsating votentials; for constant potentials, 15 to 2.5 vereent larger thicknesses of lead may be required. 
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;.1 

III 

.\ppnnimak r 

II \'I, T\ L 

ill ill. 
0.1\ "2.0 H. '1 H, f) H.O 

!i.ii .1. h ;).'2 
II. H :1.0 1:1.:1 I:;. -1 1 L;I 

H. 1 k. :! I. :1 
L :}.l) l,,). X I L S 

~t'\'. 10. H ~l. k 
L :u; I'ritH. 1'.0 11), K 

11.·1 10.:1 
4.0 1U. :1 

II.!I 

OJ,,lall;'c fr(!lll tIll!\' 10 (I,Tl1pil'd an:t 
ft 

II :":X 
10 :!o 

II 
III 

Thickness of concrete (dCllsity 147 ib/ft ') d, • 
in. 

7,3 li,ij 

I 
4. ,; :1.1 

III. g x.9 
fl. 4 4. H 

l;t i ILH 
H.7 iLl) 

1.'i.I\ l:5.:": 1'1. (I 
H. :.: 7.0 H.II 5. \) 

IH. I 1.1).7 1-t ;1 I:J. :1 
V. ~ H, H i. K II, k 5. S 

10 
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:20 ::x 10 
II :;Il :JH 
10 II 20 

111 14 
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LX 1.:1 o. h 
ii. [) !I, K 5. I 
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H, f) 7. fi fl. 5 
;t fi 2. Ii L I; 
H. f) :-i. 4 7. '2 
1.11 3. iI 2. I) 

12, I 10.9 H.7 
4. , :1. h ~. K 

T i, tha~' one [(iT f'IP,:irOIH. 

" 'The indicated values for inches of concrete arc for pulsating potentials: for constant potentials,.5 to 10 percent inrger thicknesses of concrete may be required. 

'1'.\ IlLI" 17 .. 1 vera!!c Nhir:ldill!J rtlJU1:re1llt'ntN jor i-lilt: .1'-rail in8ia/latiott8 • III 

Disttu!('.(' rro!!1 j uht, to o{·pupktl area 

"i f1. (1.11m) II fl (·L2~1Jl) 30 fl :.!J.l;'JIl) 

( 'oll('retc 

For ('Hlltroill'd 
~ Prilll;!!,)" 
::.n 

and In tIl It/week (or enviroll:i, an'l for ,1 weekly workload of 4000 Illarlnin. 
eontroUed an'as, and !!lay h(' tess than one [or envjrons. 

foot <'omputt'(l from mHl of h,;t(} or in. of ('o,j('ri't(~ and a con('rd·!1 d(lnslty of 2.3:; g/ei0 (147 lb/ft 3)" 
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Appendix G. Determination of X-Rav Protective 
Barrier Thicknesses . 

The thidiJl('SS or protrdiyc barrier necessary to redl]('e thE:' 
exposure rate from nn,,- x-rHY lllnrhine to thc maXllllmu per
missible lenl depends upon the <[uality oj' the mdintion, the 
quantity being produred In SOllle choscn period of timc, the 
distance frolll tht' tube to the occupied arra, the drgree and 
nature of tlw occupancy, thc' t,,-pe or area, and the material 
of which the bnnier IS constructed. Tables JG tllrough :!(), 
appendix E, glYC the thicknesses of lead reqllired uncleI' n, 

wide nll'iel \' of cOlldit ions \\"Ilic,h are eommonly met. Oe
ensionnlh' ('ondilic)]ls mHY be ell('oul1terecl wlliclt nre not 
r.oYe1'ed in the lables. The neCPSStllT bnrrir]' tliirkness mav 
t hel1 bt, C()]]lputed by tile use of eqs 1 to ,J Hnd the CllrV0S 

sho\nllll ligures 17 to n or this appendix. 

Computation of Primary Protective Barrier Thicknesses 

By definition, pl'1l11<1ry protective barriers protert ag-ainst 
tlH~ radiation or thr useful heam. It hns heen found ex
perilllentll11y that tile t1'1lnsl1lissioll of x rays through thiek 
barriers IS dosPl.'- reinted 10 til(' peak operating' potential 
of the x-ray tube. The filtralion added to tile llsrfui heam 
111 all X-ril.\: nlllchille lS nlwnys slllall in comparison with tbe 
attenuation afl'orded hy the hnl'l'ler, and hence the bal'rir]' 
thicknrss required nt a glyell kiloyo!tag(' IS ess(,]ltially Hl

dependent of allY CIWllgPS ill hnlf-'\>alue-lnyel' c.nuspd h." 
added filtration III the IIwehine. Thus, it IS suffic.ient, for 
the purpose's of pl'otel'l]OD ('niel1iations, to establish tl'1l11S
mission ('llt'H'S specilled ill kilo\'olts under conditions of 
minimuln addecl filtmtion. It has nlso hem found that at 
nn." given kiloyol!nge and \"itlt Il1lmlllUIll nddrd filtl'ntion 
the exposlIl'e rate produ('ed by any x-ray machine is nearl," It 

constant \dlC'1l expressed 111 terms of roentgens pel' milli
ampere-lllinnte at a dist,tll('e of 1 m. 

Figures 17 through 21 sho\\' the exposu!'r !'<lte measured 
1Il roentgens pel' millinmpere-minute lit a distance of 1 111 

fl'om thr tHl'get oj' thr X-l'/lY tube \\bieh would he trnnslllitted 
through hal'Tiel's or \'Iuious t hiekncsses. The ordinate of 
the l1glll'cs, giyen the sym hoI J(, is the tnmsmitted exposure 
pel' lllillill111pere-minute <It a reference rlistnm'p of 1 m. 
The abs('issa is the thicklless or absorhing material required 
to gin> the desired Hllue of J(. Fumilips of (,lllTE'S I1l'e shown 
for' \'lll'ioliS kilO\'oltages and absorbing materinls. fn Of'der 
io t'ni<-ulnte the required b1llTiel' thiekllt'ss for Iln~' set of 
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paramet it is only necessarY to determine the allO\n~d 
yalue of and then 'to "find the eOI'l'esponding thickness OIl 

the appropriate kiloyoltng'e curTe for the barrier material 
\\'hieh is to be used. 

The "aIm' oj' [( ",ill depend first of' all on the llHUillllllll 

permissible dos(' \\'hieh i" to he used. For jJurjJOSf S 

oilly. this mny be lllkpll to he I()O m!{i\yeek f01' eonlrolled 
at'ens and 10 IllRweek for em'il·ons. :-)eeondh'. it \yill 
depend upon the \yorklond (W). use factor ( ,oceupallcy 
factol' (T), and the distance (d) from the target to the area 
of interest. The smnlleI' the product or lreT and the 
grenler the dislance. Ihe larg'('l' the permitte:d \'lllue of K. 
Lan!C'l' HTT ndues and shorter distanC'es ,,·ill I'!'sult ill 

sml{lkr values for K. 
The rdation bet \\('('II these variahles lJ1a~' he expressed b~' 

tbe equation. 

where 

P=~lnximlllll permissible dose equivalenl 
0.1 H/\yeek for controllPd nreas 

(1) 

0.01 H./\\'('ek for em'irons 
rl=distanre in meters. (If distance III feet is used, this 

becomes d,':3.28.) 
We \\orklond in mu-mill/\\'eek. (This should, insofar us 

possible, 1)(' ayerllg:l~d on'!' II period of at lenst sC'yeml 
1I1OIlths and pl'Pi'erably n year.) 

l' use f<ldOl'. 
Tccc o('eupllJl('~' facI01'. tahk ;) of nppelldix C for 

pel ndues.) 

Example: 
Find the primary proteeti\'e b,11'l'i('l' thickness neeessary 

to pro/('('I n eontl'ollpd IlreH ;)2.8 1't from the t!ll'get 0(' an 
x-ray mu('hine operating al a lllHxirnulll energy of 100 In-p. 
The WIlli in {lU('stioll has H use {adO!' 0[' 1/4, th(' \\Ol'kload if' 
estilllHtpd to ilyeragp 1,000 llla-min/\\'eek, and the ot'('upnll(,,Y 
factor 01 thp an'll to he protect('d is 1. 

1'=0.1 [' week 
({:<l2.8j:-L28 10 

W=I,OOO 
[J= 1/4 
1'=1. 
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Therefore, 

n.]·v 100 
K-~--, --------- 0,04 

1. 000 :-< F4 1 

l\<:fpJ'('nce to 111111d 1" 8hm\" thai t he required bnrriel' 
thl('kllPSR IS 11, 01 COIHTcle 01' OA-llllll l(,l1d, 

.\.1 ('ntion should Ill' giY('tl nl this poinl 10 til(' amount 
oj' pr(!trctioll \,hieh llllly he O:'lIppliNI h~- the stlUctlll'al 
l11Htl'l'In)s ,01 (ilt' \\all. O['lrll Ihese HP1)l'Pcinbl~' ntlelluntc 
tl~e I'ndJat\?ll alld ~',\ll 1)(' consi(lel:('d as J'ulfillillg HI ll'll"l pari 
01 dl(' h,llTH't' requll'l'lIlt'll(S, llll(wllIIlnteh', tll(']'('aref'I·\\'de
(,lilpd atlrnyntion dnt,\ for th('se mlltp1'ials'[12]. bill 10 II 1lrst 
npproXlInnl lOll , (hel], ('011('1'('1(' eqmntlpllts Ill1\\' be ('nlt-Illa/pd 
on ll](' ba,;is of d('lI,;ily ,!lolle, Co n ('1'('( (' P([lI],'alelll in in('hcs 
IS (0 drtl8i(y oj' tb(' IIwtl'rinl ill ion Illul! iplied 
IJ.\' t of 11i(' l11ate]'ial ill ,mil diyidNlln' 
:2,:15. "-bPll tlies(' llIn(prials nr(' of ntollli(' nOlllhpJ' 
thall ('OII('1'e\(', this 1lpproxilllatioll to und(,I'eslimalP 
(Ill' ('onnpte equiyaIPnl (i.(' .. to lPnd to SOllll,\\·!tnt I1101'e 
prol('dioll tilall is Ill'eded I, TahlP 14 ill ,lppendix ]) lists 
sOllle ('OIllIlIOn huilclill~' lllale]'ials Hnd lil(, ran?:es of their 
cknsil ies. ' 

For P'"ll 1Il ph'. we lIWy aSSlll1J(' in tll,· problelll just ginll Ihal 
Ihe]'e IS all'eHdy 1,0 in. of salld plnstt'l' in the wall. Hdrrenre 
to labl<' t4 tlwt Ihis material Inl8 an nn'I'H lre dellsity 
of 1..';4. a eOl\(Tl'te (,quintlent of 0.05 i~. a]]'eud,' 
p]'('selll .rell\aillill~ protection requirement of 0.8:') 
HI. or ('OIHTl'te IS S!tO\\'1l III tnbl(' 1 Hpp(·ndix D, 10 he just 
51 II~- mol'(' Ih'\ll I hd 1'0], 100 h filtered radin-
(ioll Thus, th(' addition or (UI !lllll of \\ould amplY 
take (',\I'e of t h,' sit un t ion. ' 

Computation of Secondary Protective Barriers 

c\.l!nin by deJillitioll, se('olldnry ])1'0Ie('\1\'p barriers an' 
those olll~' to IpakH!!,'(' ,mel scnltered radiatioll, 
Ulniol1sly, lil(' l1se faclol' 1'01' these mdiatiolls is ,lhnl\'s Oill', 
:";il1('(' t I'adia I iOlls 111:\ \' he oj' ('onsi clem bh d~frpl'(,JlI 
qualit thell' barrier 1'('(juiI'Plllents 11Iu"t he' ('olllputed 

FUl'tlH'rlllol'(" ,IS Ih(' qualit ips alld ot hel' far'(ors 
limit'!' \'11!'ious ('otllillnatiolls or ('i!'euillstallccs. 

110 single Ill('thod or ('olllputatioll I ahnl\'S 
\\holly"ntisf',\('IOI'\', HO\\(,H'r, /il'sf tile 
following rult'O:' Illl;Y 1)(' lIspd a8 gil I (fl's , ' 

Leakage radiation' 

The numhel.' or lid's r.equired in the secondnr,v barrier 
[or leakage radiation nIoBe depends upon: (1) the 
potential' of the tubf'; til,· operatin[!: time of 
tube; the distance thr tube to the occupi(,d area; 

the llatlll'P and of occupancy; and (5) \yh(>lhp1' 
aI'PH ill qurstioll 11 ('ontroUed Hrea, The maximum 

alllOllnt or lrakage l'ndi'1lion 11110wed throuf!:h a tube housing 
is 1 Rat I m ill nny 1 hI' t he workload is measured 
onh· in terills of thl' Hyprnge llllllllH'r of hours of actual 
op,;r:lting tilllP per \n'ek. Thr radiation hy passage through 
thr tuhe hOllsing has :dl'l'nch' n((,liIlPd a hY! \yhich depends 
only 011 thr tnh'(, pOIPntial.' T,lble 1:2 in nppendix D 
I'rp'J'('sl'llt HI iy(' ]n'l t hid~lI(,ss(,s 1'01' [(':ld and ('OIHTete for 
\ariolls kilo\oltag('s. Table l:{ gin's (he Ilumber of 11\"1's 
nel'rssnn' to redli('c til(' rutr to the required 
for YHri()us Wl'l'kly time's and YHriOlls distances 
ror hOI h ('ontroli('d HreaR ,mel l'rlyirons. The 
harrie!' thickllPss for l'adi:ltion alone Hun- lw 
"illlplY 1)\, (]('tel'llIilling.' lHlIll bel' or hd's np('('ssnI'Y 10 
l'educ~' tile exposUl'e rate to tht' permissible len] for tht' 
ginll di"lalH'r and openlling time <lml Illultiplying (his 
11111111wl' by the tlJidoH'sS of the ItYl or lend or COl](Tc(e 1'01' 
the giw]lc kilo\oltage, As Illrlltiolled bri'orl', if building 
llIHIP'rials 0111(']' tl11111 ('OIH'J'('tt' ,\1'(' used, (iIp necessm'~
Ihid\Jless lIJa~' Ill' ('olllputed 011 the bu"is of thrir COIl('l'ete 
<'quiYHlen(s. 

Scoth,'(d rad iat iUI/' 

Thl' amount <111(1 of the st'Ht\ered radiation 
OIl II Inrgp Iluillber Tlll's(' illclud(' the 
l'xposn]'p rat(', thl' an'a oj' the hpam ,It 
il'rndi,lted oiJjr'c1 the absorptioll !!l the object, the 
seal [('rilli! Hlld I 0pE'mting potrl1tinl of the x-ray 
110\\ eYe]', in ,;]Iip!dini! d('sigll ('rrtnill simplifications ean lw 
made', For x J'H~'S gcnentted at pOlpntials bdO\\' ,500 ky, 
Complon s(,Hlt('J'ing do('s not gre,ltly degl'llde till' photon 
PtlPl'g" Hnd tilt' 8enttpl'ing: object nlso acts liS nn absorber for 
tIl(' ](l\\l'!' l'IH'l'gy photons. For dpsign purposps the 90° 
s('nttPl'pd radialion gPllel'l\tpd 1'1'0111 H usd'ul beam produ('rd 
at a pot(,lltial of Ies" Ihall !iOO k\ Iml~' hp asslIllled to hnye the 
SHill(' ayprngp (,1H'rg~' as thp IIsE,l'ul hPlllll. COllsequpntly 1/.1<' 
I l'allslllission cune for the useful hpam Illay he III 
del erIIlillillg 11 ('('essn I',\' hnl'l'i('l' t ili('kness, In the supel'-
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yolta~'(' , tlw on ";l'nltl'rerl l'adi:l11»ll i:" 10 n fin'l 
npproxilllilt ,l'qll,li III ('lll'!'~\' disl il!!l i011 to .'\ I'll,\''' 

;.:('I 1('l'nI I,d h~' potellt1:!]"; of ,jOIl kY I'P!-,'al'dk,,!l: I ill' kilo\()lta!-"l' 
('Ii (lip u,.;ef111 hp,1I1L TII('1'I,1'01'l', in til(' -'I]l' olt n~p n\ll~(', 
(liP ,jOO kn'p ll'llllSllli""lon ('111'\'(' niHI' I ii:''',i ill th(' nIinl
btinn 01' [Il(' ";l'eOlld,IIT hlll'!'i,'!' Ihi!'\,1J1"" i: 11;[:- \well ,.;ho\\'11 

thll[ till' <llllOlilit or !l() :'l'ilttl'l'nl l'adi;lliOil is aPPI'OXilllali'1,1 
n,l PP!'('l'llt of tIlH[ ineili(,lll upon tll(' s('nt ll']'(']', Thus, 
n Ii Yalu(' 1,1)()(1 tillH'S ,,,('(',It(']' llli!I' he allo\\('d 1'01' ';,'atl('j'(,d 
]'adilltion (hill ['01' tlIat' 0[' tll(' 11:;(',1'111 1,('11111. I I OI\YU'l' , tho 
('X!H)C'UI'(' ral(' at a fixeel disl:llll'C ill(']'('as('s with the x-my 
ki]o\oltll)2:l', in o]'(kl' (0 liSP thl' ,inn kHP ('\l]'\(' 

r(lI' tlw s('at (('red radiation, I{ Iilll..;t 1)(' d('('J'C'i1sl'd hI' 11 I'al'lol' 
01 2(l ror 1.()()1) knp radiatioll. lJ,I' 1:20 for 2,OI)() ky,:p. nml by 
:{()(l 1'01' :;:()(lO knp, 

[lOll (i, lIlay. [\)('I·el'ol'(,. hi' used lor 11i(' ('ollljllltntioll 
oj' C'('\'OlHLtI'Y 1>,11'1'1('1'" sulljed to [lit' i'oll()\\'i I 1:2,' Illod lienl iOlls: 

1,1 1"01' :';(',l((el'I'([ rl1diatioll 1'1'0111 tlsl'i'lI] 1)('<1111" ",PIH>ralpd 
a' !illfl i;.ycp 01' IIplo\\', ' 

1,(1)(1 j), 

K 11'1' 

hi Fol' ~(':1I tl'l'pd l'Ildintioll frOlll lI:"('\'U\ h('HlllS g(~lll'l'at('rl 
II t 1,( 1()ll 

1.(I()O<j) ,/" 

;211 11'1' 

1(') For ;-e:1llPl'pd l'ndiatioll fl'OIll lIsf'iul IwalllS :!l'IlP1'at!'d 
a 1 :2 .(JO() k\Tp, 

[{= 1.nnO 
1 

{r], For S('Ht t ('1'1'<1 1'ndiatloll frolll l1';('I'U\ hpll1llS gPllc'l'alpd 
ilt :UJOfl kn'j). 

l.tHIO/!) 1/' 
:lllO II 

A" hy 1. 
j.."t.y..;, 

(("S(, ,jOO (·lllT(,I. 
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If the hnrrier thic'kncsses fol' lenkage and s('attered radin
lions <tt'(' fonnd 10 Ill' nppl'oxilllntt'iy the 811111P. I hd should 
hl' nddC'<i 10 [ht' lnr~'('l' Olle to ohtain the' I'efjuln·d tOlnl 
sccolHl11l'Y bnrl'iPI' t hic'klll's", H the 1 \\'0 diffcr by a 1<11''''(' 

enoui!h 1';1('101' (this silllntiOil is llSSUlllpd to ('xisl ir't!H'I'P i;-a 
ditrrn'1I('l' or nt [PHSI :{ h . t ite thicket' of thp hl'o \Iill 1)(' 
HdrqunlP. 
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