varians

ghielding Against Primary and Leakage ¥X~Rays

Figure 1 taken from Swanson (1978) provides a useful summary of
tenth~value layers [TVL) for shieldin against primary photons.
Values are given for concrete, iren (steel) and Jlead under broad
beam conditions as a function of the electron energy incident on
a high-2 target. The TVILs are pleotted in unite of gn/em™ to
facilitate comparison to other materials. The smoothed courves
are adopted from several sources, taking inte aceount the
behavior of both higher and lower energiles.

For angles othar than on the beam axis, NCRP-31, hppendix E,
gives the prescription described in the capticn of their Figure
E.5. The x-ray spectrum at 20 degrees has approximately 0.8 the
maximum energy im the forward direction. .

¥elsen and LaRiviere (1%84) have calculated primary and leakage
x-ray spectra for medics]l acceleraters using 2 Monte Carlc <ode
for 3 energies: 6, 10 and 25 Mev, and 4 angles: 0, 45, 950 and 135
degrees. Broad beam transmission curves generated by the program
agreed with existing experimental measurements (Techilin and
LaRiviere, 12%% and LaRiviere, 1984). The above measurements
form the basis for the primary and leakage values used by Varian
for calculating shielding regquirements for x-ray energies from 4
to 24 Mv. These TVL values are summarized for concrete in Table
1. Recommendations have been mads to the NCRF to issued updated
publications with a mere complete treatment of x-ray leakage

radiation.
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TABLE 1

Typical Broadbeam Tenth-~Vaiue Layers
at Characteristic Clinac X-Ray Energias

Material Primary Beanm TVL

A4 MeV & MaV 10 MeV 15 MeV 1B MeV 24 MeV

tnncrata'(i.as gmjéc]
TVL {cm} . 28,0 . 34.3 39,0 43.2 4.5 as.4
TVL {(in} 11.4 13.5 15.3 i7.0 17.5 18.5

steel (7.85 gm/cQ}

TVL (cm} 2.1 10.0 10.4 10.8 31.0 11.2

iead (11.35 g/oc}

VL [cm) £.3 BE.6 E.6 E.€ £.5 5.2

T™L {in) 2.1 2.2 2.2 2.2 2.1 2.0

RATIO. cancfsteel 3.2 2.8 3.7 4.0 4.0 4.z

RATIO: cancflead 5.4 &.2 7.0 7.7 E.C 0.2
Haterlal Leakage X=-Ray TVL~

concrete [(2.35 g/cc)

TVL {cm) 25 28 21 -313 33 36

TVL (in) 10 11 ~32 13 13 -

RATIO: :mncfstegl 3.0 3.2 3.5 2.7 3.7 4.0

e v i o oy G i e B S Y e il e e Y P 0 e L T Y S S

#TVL, for leakage x-rays will vary with angle. Values at angles
greater than 8¢ .'egrees will generally be lower than listed.
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values of dose equivalent tenth-value laysers
for thick-target bremsstrahliung under broad
beam conditions at 0° as a function of the energy

of electrons incident on a hig=2Z target.

The

solig curves show the 'equilibrium' tenth-value

lay

theth-valus

er, T™WLe, and the dashed curves the 'first’

layer, TVLy {from Swanson, 197%).,

FIGURE 1
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