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~B3STRACT

Tris report discusses the shielding
nroperties of co&hon shielding materizls such
as lead, iron, concrete and water and is
expected to be helpful in designing shieclds
énd containers for safe handling, storage and
transport of gamma emitting radioactive

‘materials. Ilaximum energy of the photons
considgred is 3 MeV.
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1,INTRODUCTION . _

Gamne radiations are clectromagnetic in
naturs and as svch possess grezter Sower of penetration
than cther tyoes of nuclear radiations{except neutroas).
For example thicimesses of 0,025 metars and 16.5 maters
of air are sufficient to stor & leV alpha and 4 lieV beta
éafticles respeciively, dbut a taickness of 150 meters of
2ir is reguired to recuce the intensity of 4 HMeV gamma
rays by a factor of 2.

Jhen gamma radiations pass throughk mattzsr their
iatensity is decreaszd due to interactions such as
phcto=electric effect, compton effect, pair production
and photo-nuclear reactioas. Use of matter as a siielc tco
recuce the intensity of garma radiation is known as
shielding. The effoctivengss of a shield depends on the
enerzy of‘the fadiations ancd on the type“;; the shieliing

material., The higher the atomic aumber and the density cf

the shielding material the more effective it is in racduciag

the iatensity of gamma radiations. This report discussos
the shielding propéf£ies ofbéonmon shielding materials
such as lead, iron, concrete'and water and is expected to
be helpful in designing ahiolds Qnd containers for safa
handling, storage aad transpoft of ganma emitting
radiocactive materials, ﬁaximum energy of the photons
considered is 3 MaV, |
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2,SHISLDING PARAIIZETIRS

in the case of a »oint source the usual

expression for dose rate through a siiield is given ac

U
+

k.S 7
D = d” Be - _ (/)
- wherg D— -- dose rate in roent;ens per hour
at a diétanco d from the sourca.
X & coaversion f&ctor egual to the
dose rate in roentgens per hour at
a distancé of 1 cn, from a point
source of 1 milli-curie.
s strengta of the point source of gomme
reys in milli curies. |
B dose Duilde-up factor.
/n - linear ebsorption coefficient of t:
shielding material in om .
- 3 thickness of the shield 1n cnt,

The parametors mentioned above are discussed iz

some datail in the following paragraphs.

2¢1, Unit of Radiation Dose = Roentgon
i might be expectoed, it 4s found that ‘the extent

5ff¢t radiationninﬁuood oiological dauago dopendl on tha
'ﬂonargy 1iberated in the tissue ipu$be fonm of ianization.'

u;gtypbl of damacoa incroase noro or losl linoarly

wnl ;Z~ e

with the quantity of ionization, suggesting that the
process 3w of a "Target" type, and that the damage,
once eaused, is permanént; for other effects tae body
is provided with a ropair_machanism'which can pravent
té a considerable extent the appearah;é of any
symptons until a certain.threshold dose-ratc 4=

reachod. The damaging effect on the org- :ism as a wiole

.increasel roughly linearly witi increasing ionization.

Jor tiis reason, tho amount of X or gamna radiation
is usually measured in terms of a unit gquantity widch will
liberata a standard amount of iomization in a standarc
substance sucl as air, Since ecual masses of air and
tissua absorb X and gamma rays with about equal
effectivenesp,ra given amount of raéiaticn; neasured in
this waj, corresponds anproximztely to a pafticular
anount of damage, irrespective of the guantum energy of
the radiation, This unit can be given a dual usgge,

and can be used both as a measure of dosage and of
quantity of radiationa. The unit defined in this way is
called ”Roentgen“ (2). It is dofined as"The quantity of

£ = or gamna radiatima such tﬁat the associated eorguacular

,ouilstan per 0.001293 grame or air (one cubic contiaetra

of air at N.T.P.) prodices, 1n alr, 1ons currytnc onc
extetroststi¢ ua&t qgaatxcy of tiﬂ#trlﬁity g{ etthor




2.2.Conversion Factor X

AS defined earlier, this is ecual to the cose
rate in roentgens per hour at a distance of 1 cm. froz 2z
point source of 1 nilli-ouria.‘lt will depend on the
number of phaotons enitted from the source per disintegraticn,
the energy of taese photons and their mass absorption
coefficient in air. Figure (1) glives the tinear absorpt&on
coefficients in air of plotons of various energies (3]).
| The gammns flux (numbor of photons/bma -Sec.) at
a distance of 1 cm..from a point source whose strength is

one millicurie is given by

7 -
g = v 7%10 .N

7 |
= 24%%%9. n, photons/cmo=sec | (2)

ﬁhera H = Total number of photons emitted from
the source per disintogr :tion
and n, = the number of photons of energy B,
emitted porAdisintegra;ion.
Tho‘enargf absorbed in a cuﬁic_oontimotoa of air
due to photons of onorg& E, (MeV) w111;b6

ﬂit 1-./‘1).1: MeV/Sec.

.

‘which fof smll velues og ,:1 will be oquul to L
1/“1 g MeV/Beo, -

—— - o " . T e e ey s - . - i -
TP ra— - b —— v

Thus the energy absorbed in a2 cubic centimetre
of air at a d;stance of 1 cu from a point source of i mc

wilil De

4
_ %10
£ = oy pEy

MeV: (3)

Thie energy recuirad to produce one ion peir
in air is 34 eV(4) and the charge of an elactron is

4.81:10-10 CeBeUsy -hence,
one Roentgen (r) = -—%ﬁg—— x10% KoV (&)

Thus with the help of ecguation (3), the dose rate

c i,

at a distance of 1 ex from a »oint source of 1 milli-curie.

comes out to be

| 3 | : o
» x = f3fyoxio o, i By fSec.

= 41,57 ng My E, r/sec.

5 ' . _ -(
= 1,49x10” 3~ ng 2y By r/hour 5)
If Ki~corroapond8 to thoophoton of energy Ei

- 5 M
K, ~ 1,494 x 10 ng py By r/hour -

Equation £6) 4s yrnontcd graphisally :m risure 2,

and values of K. for vorﬁous radioaotiwo itotopoa ury

Prcsontqg a;naswith thesr halﬂnitV&: iﬁ Tbb!d 1.
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2¢3« Linear and liass Absorotion Cogf}icients

The prodbability thet a photon, in traversing =
slab of material, will be affacted by an ihteraction_suck
as pair produciion, comyton scattering or photo-eleciric
effect is mést sinply described in terné of a cross-gectio:n
for that interaction.

Assume that ¢o phdfcns/cms-sec. a¥é,nqraallyv
incident on a_slab of material in vwhich there are W atomsﬁcé.
Let @ (x) be the flux of photons'at depth x w?ich/ﬁgg;'nct
suffered any collision or~in*draction/iﬁ/€hgir passag
tarougn tne s3laz. Let the o OJubithy that a photon, In
traversinv a further thicimess. dx, suffer° a ccllision of
type i, be dpi; and assune, for the moment that no oth
type of collision is poasible. Then o) the crosa-sect1on

atom for the process is defined by ‘the eauation.

dpy =N Sax = - G

On integrating, the uncollided flux @ (x)

emerging through a slab of thickness x is found to be

oix) & g, s WX

If more than one process ii'iuvblvod dg'ﬂntt be

replaced by the sum of the aompoucnt crossesections er“ot.‘

The total cross-saction dcpqmds uarhodly on both the
/

atomic number of the absorber and on the photon emergy.

Ntrtot is known as line=zr adsorption Co-efficient 5T iz
material. NO, t/P is known a&s mass absorption Co-afficiant

of the material,where(? 3s the density of the materizl.

Sel4s Cuild-up Factor

The exponential law for the attenuation of gamnmz

rzdiztions in a material is

#(x) = "o e /M _ (7)

where #o, is thae original flux of photons,Aﬂ(K) is

the flux after traversing a thickness x of .the maticrial and

P is the linezr absorption Co~efficient for this materizl.

In this aouation it is assumed that the particui:r
photon involved in a reaction such as’ photoelectric effec=,
compton effect or pair production in the naterial is |
completely eliminated and is not seen by a detectqr put
across the shiclding material, but it is true only ixn the
case of narrow beam geomeiries.

'In the case of broad beams of ra@iafion, howavar,
the seconéary‘radiationl resulting from the iateraction of
primary photons in the material havaEVDri’poiiiﬁiiity to
pass thrauzh the shield and thus thé'phétdu'flﬁx

(and therefore the radiation dosa)'acro-t~thelthinld wili

be greater than that caloculated trom equation 33§9$nnkga

.
e s it o el
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3.

case of brozd beams the e-. (7) will be modified

to @ = 3¢, e/ where & is Xknown as build up faczicr.

SHIBLDING FOR NCW-FCIIT (SXATIHDED) SOURCES

The shielding fcf soint sources of gamma
radiations is discussed in thc earlier sections of this
report. In actual practice, hcowever, the radization sourcas
ars ﬁaver pcint scurczas. .

it is é velid approximation to cronsidoer a sourca
to be a poiat source if its dimensions are very snall
comparcd wita tie distzance from the socurce at whickh ti:e
dose is required. In other words a source may be comnsidsrac

to be a point source if the azngle subtended by it at %

roint of interest is very small., If this is not the case,

then certain corrections have to be ap:lied
rates obtained after assuming the source tc
source. These corrections ares discussed for

and simple cases in the following sections.

3¢1, Line Sources

to the cdosz
be a point

two Ccommon

Consider a line source i3 Fig (4) whose

strength per unit length is S,

small element of length dl to the dose rate

point P across a shield of

The contribvution of a

at a

thickness x is given by : |

XeS, - ' , :
1, dl ~ ax Sec © ;
rz B Q,lx o

aD =

Now r = deSec ® 2and dl1 = d Sec”® 0.d0

Thus

X.5, | o
aD = | .da. B.B)IX Sec J.d e

The lipits of O are ¢ to 91, aind 2 to O?,

thcrefore tihae cose~rate at point ¥ due tc the lime scurce

AB will De

Now if the point P lies on the rigat bisector of the iine
A3, taen ' .

é?:z éi:: 59('527) |

ZKozioBo 7{(6%/LL)L)

If the length of ths source is 21, then-.the

and D=

. P
.

strongth of the source 3 = S5, x 2f, and £ = 4 Tan O.

e

P

Thus n.%gaézi' (,u,o).-—_f- — 18)
- 5..:»»7_;2&.3/“”‘."? (/.;, @)

-9




If 6 wers small, the line source could be

comnsidered to hHe a point scurcz aad the dose rate woulld

1
_ _ R SYLAR
D= aTrﬁ.Sa.o.[!’ 9‘-%) ' ( 4

have Dbaeon

. . . , 2 o
Now the total strengih of the source S = TY.r .Sz

D= Kalide g px (3).

.2 2 |
ITQ «Tan QO.Sa. \

I

Dividing ascuztion (8) by (5}, the correction

Thus
facticr for line scurces of radiation comes cut to be

5- KSB 2 QLFQ,,L)_ p(/:xsueoﬂ 10Y

7 A A

a fuxction of € and }1x ana can be calculated. Some wvalacc.
of this correction factor for vardous values of /ux anZ 6
are presented in Table 2. o

3¢2¢ Flane Disc Source

~ [ . . C oy ™ » —y s = - ) - » Sy — 2t y
Comsider a plane disc source of radius R whose How if the disc was considered to be a point source, ti.z

’ ‘ ’ . '.- T~ o~ : E - < K .
strength per unit area is §,. The contribution of a small dose rats al the point ¥ would have been

sy A

element of area (ds = r dr.d @) at a point P situated FeBele Hx . :
D = T 3 4 (11)

on a line dra'm perpendicalar to the plane of the scurce d : ‘

R
from its ceantre will de Y

Dividing equation (12) by (11) the correctiom feictor

K.Sa.r.dr.' ag. . _ Sec O" : y for a plane disc scurce of radiation coimes out to be
D= e 3,6 M* Ve
(r” + a%)

a function of Jix and 8y and can be calculated. Some

How r = & tan O, values of this correction factor for various valuss of

thersfore px end 8, are presented in Table 3,

™
dr = d Sec” 0, d@.

I

- (24
Thus dD = n'%an‘ ad. Tana'e)lx »ec ecdﬁ_- :

‘ : , The eguations discussed in the previous sections
Integrating this equation with 1inits of @ bein:

R were used to calculate the attomuation of gasma ra at,i.em
0 to 2TT and that of @ beinz O $o @ Ten @, = =—» ) | L
| | 'o,-., g0 to ° whg;' e ~on % =4 of various energies in yariqus thicknesses of common

o,

+

o

w1 0w
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CORRECTIOH F4ACTOR(M )FOR V.RIOUS 7.LUZ

p-E8(ps")
Na _

8 = % an:;le suptoacﬁec‘i by iiae

S a ob..crfer. (TL >

S OF px LD 6

Sotzxrc2

)
(3.4

L
;)
‘—4
g 2
vl
[

e px=0 | poe=1 } ‘juc:5f :.L px=11 .L jm,:’S
1° } 1,061 3 1,061 "‘g 1,001 }ﬁ 1,001 ';ﬁ 1.0C3
5° 1,003 | 1,00k ; 1,09 1 1.21 'E 1.0%%
10° '1;ozo‘f 2,016 4,036 1,067 | i1eik3
30° 1103 | 1+152 7| 14376 1.696 '1 %0377

- -+

SLE retz (1)

DISC SQURLE

source~ané'observer)

-~
.

8 = % vertox

3

:(in plane. nornai te line joining cemtrc of

| a:izf_;..c of cone suatendec by source
oo observsar, (7;) .

4

L8] ng=o =1 Tpx=5.T wsil 25
1° | 1,00 ;f?ggi',_ ';¥Z: . 1,34 i f?:z
8% 11,04 L0z iy 1,01 1,04 1,05
0° | 102 | 102 l 1,05 1,12 1,20
30° | 1.2z | .30 i 165 I TR AT
| R 4
~1hs | |

REFIRINC3S

i. Rockwell 111, T.,(Ed.). "Reactor Shielding
Desiga lianwal®, D. Van Nostrand Couwpany, Inc.,
Prizcetom, ilew Jersey, 1956.

2e Pricey, B.T., et el., "Radiation Siielding",
Pergammon Press, 1957.

3. Rediological Tealth Handbook, PE 121784 R, U.S.
Deptt of Health,Education & Welfzare, Jiv. of
2dliological dealthk, Fashington 25, J.C. Sept.1960.

b, Bacc, Z.li., Alexander, f.,"Fundamentzls of
"
Radiobfol@eY, Ferganmon rress, 1961.

50 2beling, DeRey "Some Design Data for Gamma Shielding
in N.5.7., "ALEC/E.11., Dec. 1957.

6. 2latz, H.(Ed.), "Radication Zygiene Handbook,
VcGraw Hill Zock Compaay, Inc,,¥ew York, 1959.

7 Evans, Robly D. "The iLtomic ilucleus®, licGraw il
. Book Coapany, Inc., ifew York, 1967. p.(722).




LINEAR ABSORPTION COEFFICIENT OF PHOTONS IN AIR -
(COMPOSITION OF AIR TAKEN AS 78%M, 2002 A17A AT 20%) -

,u‘mﬁﬁm |

awn

O~dH/HELSNId

2-8% ' ‘
00, - 'o‘ . |.5 2-0 ‘ 205 u
‘ gl HOTON ENERGY (MeV) |

i

b i ettt




PINSTECH/ HP-10

PINSTECH / HP-10

o

LINE SOURCE (F1G=3)

2-8 30

%

2-6
|

20

8

16

E{Mev) ——

14

1:2

DOBE RATE IN r/hrAL ONE Cm/[-m' vs! PHOTON EMLRGY

N e ! =
i

ag—
.
2

1

rof——1

13
12
1"

. ; o ] ; B o K . S o 3

; , i ) ¢ : PR . ; . - ; s ) 3 S : L .
4 ¢ # : H g ! ¥ 2 s i e - [ TN
4) : ¢ * ¥ ’ 4 i , - ot \ : A et P P e

% ! i o . 4 L . IFIP
3 4 ; - p [ S S A L W T o
k4 S ENE RS 4;.1»-5’;4«4&44%”?{"1" W My RS e b e S 2

FIOURE.-(2)
IR | St
o ERL




TRANSMISSION

PINSTECH/HP-0

FOR

—q.gzm!.ww.oz OF GAMMA RADIATION

WITH DOSE BUILD-UP IN

LEAD

POINT ISOTROPIC SOURCE
AND PLANE SHIELD

THICKNESS OF SHIELD—~CENTIMETERS

TRANSMISSION

AN

IARAILIRANANN

AEIVATRN NN 1

NN

oo

5 MR ANMARRARN

AVANAMRN

- A\ A

?d

:nga AN

‘FIGURE .(5)

,. : . ,ra. | @
%@%Wﬂ%gs_m
,’ NN | H ‘ m

4 7 4 S 191 I;-‘w..».a

VJZ

%/4-

PINSTECH/ 1118

{ ) ﬂzbz.vz:wm oz OF GAMMA RADMION

WITH DOSE BURD-UPIN -

IRON

FGR  POINT ISOTROPIC SOURCE
AND PLANE SHELD

IR
1

NN /MW
'3 ...,. .m,M.m Ti8  ShoM 12 44
AMANNANINY

S

20

18 20
TRICKNESS OF SHIELD ~CENTMETERS

T VNN A A B e FLLW
W T T TE

//7%¢ T

1

4 //7/ /74,/

4/4%/LWM

+

22_

*,//#/a 4‘
/

<% L¢ 718 910+ 12 144 _aS 20

T

ﬁgfdzaﬁg

=== 8 2 28 3238 40 .4 48

,gzaza¢04,

Eaxzm.,m oF ..,z.mro nmz::m_mam .
m_acxm 16




LR bt min®
et

3 - ¢ i AT LR, e L B T BN e D SRR ROR BN AN i dii R i i e T
b i P S SR P L et b RN S A LSy R R A I T i R FL TR T XN ER TR S I
l, L, AN SR ERNEIRES. Ko a2 20 R ROE S AN S it w o -w co
.

PINSTECH/ HP-10

e e — - g = et o em m e mem e e emiyie e e m e

v —— . o
TRANSMISSION OF GAMMA RADIATION
WITH nosEEAaﬁuo-uP IN
FOR POINT ISOTROPIC SOURCE
AND PLANE SHIELD. *

v L 'TYV‘I"*

1 rrvr

- 4...4,..-»—...1,__

2

e

L

|

¢

i

|

1

|
AELON AN B A A

RN

LA L]

TRANSMISSION

¥ ¥

NCT T T

THICKNESS OF SHELD CENTIMETERS

T : * FIOURE. -19)

v N £




PINSTECH/HP-1

PINSTECH/ HP-10

sy 0Ly .

SHILIWILNII~QTIIHS 40 SSINNIML
081 Jsi_ oz 06

06€  09C Ot 007 0Ll 07¢ 012

UL

WHNOE] 9Zplel j0ZeLel7yi 10168 ¢

| . .
dI3IHS 3INVId ANV

208N0S NJOMIOS! INIOd 8O

z.m: aling 2S00 HIIM
> NOIVIOVY YWAVD JO NOISSIWSNVML

d31VM .

N /i L1\

10

NOISSINSNYYS

FIGWE~(8)

NOISSINSNwYYL

. | 1=
S Sw3 g :q\\\\\\ ®
o, \\\w\\\\\\ :
fmmnNuwm \\\\\\%\s o 3| :
§50: 1)) 7405 .
LYY/ A
) s, :
V1l P g -
/Y14 5 -
\\\\\\\\\ mw -
3 ——t
.mo %..J.J&Wfi T 7ohT.|

e Leanen e o, - R

 FIGUREs-(7)




