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Exposure, Dose-Equivalent and Absorbed-Dose Buildup Factors of
Gamma Rays for Plane Normal and Isotropic Incidences on Water,

Concrete, Iron and Lead

Shun-ichi TANAKA and Kiyoshi TAKEUCHI
Department of Reactor Engineering, Tokai Research
Establishment, JAERT

(Received January 23, 1984)

Exposure, dose-equivalent and absorbed-dose buiidup factors
are calculated using a discrete-ordinates direct integration
code, PALLAS-PL,SP-Br, for water, concrete, iron and lead,
typifyihg materials of low, medium, high atomic number for gamma-
ray sources at plane normal and isotropic incidences. These data
include the effects of secondafy photon sources arising from
Compton scattering, Bremsstrahlung and annihilation. Inclusion
of Bremsstrahlung source has great influence on these buildup
factors for high energy photons in materials of high atomic
number.

The calculated buildup factors are tabulated for incident
energies of 0.1 to 15 MeV (0.4 to 15 MeV only for lead) and

penetration depths up to 40 mean-free-paths in each material.

Keyword : Exposure, Dose-equivalent, Absorbed-dose Buildup
Factors, PALLAS-PL Code, SP-Br, Water, Concrete,
Iron, Lead, Plane Normal, Isotropic Incidences,

Bremsstrahlung, Annhilation, Gamma-ray
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1. INTRODUCTION

Buildup factors are always effective for practical calcula-
tions in gamma-ray shield design. The data calculated using a
moments-method by Goldstein and Wilkins1 have been extensively
utilized throughout the world in gamma-ray shield calculations.
However, these data are not only old (1954) but also limited up
to 15 mean free path in depth. In addition, only Compton
scattering was taken into account as secondary photon sources for
these data.

The contribution of Bremsstrahlung and annihilation photons
to the buildup factors is exceedingly large at high energies in
materials of high atomic number. In a previous paperz, we
presented an approcach to transport calculation of photons
including those arising from the Bremsstrahlung and annihilation,
and provided some comparisons of calculations with experiments in
energy spectra in iron and lead as well as in transmitted dose
through lead to test the validity of a discrete ordinates PALLAS-
PL,SP-Br code3 designed based on the presented approach.

The object of the present work is to provide exposure, dose-
equivalent and absorbed-dose buildup factors for typical
shielding materials such as water, concrete, ircn and lead for
general use in gamma-ray shield design calculations. Our
systematic calculations using the PALLAS-PL,SP-Br code include
the effects of secondary sources arising from Compton gcattering,
Bremsstrahiung and annihilation. Plane normal and isotropic
incideﬁces are taken into account as gamma-ray sources with the
incident energies of 0.1%v15.0 MeV except for lead, in which the
incident energies are limited to the range of 0,4v15.0 MeV
because of neglection of fluorescence contribution. The effect
of fluorescene on the dose buildup factor has been studied by

Subbaiah, et al.4 to be spectacular for source energies close to

the K edge.
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2. CALCULATED DOSE BUILDUP FACTORS

Calculated three types of dose buildup factors are
tabulated in tables 4%27; We define the types of dose buildup
factor in the following: If the flux in a medium M is given as
¢{x, E), then

(1) dose equivalent rate, D(x), is defined as
Emax
D(x)= 8 ' ¢{x, E)-K(E)dE,
0 _

where K(E) is the flux to dcse equivalent rate conversion
factor (mrem-hr’/n-cm’-sec),

(2) exposure dose rate, De (%), is defined as
Emax
De (x) = S d({x, E)-Xe(E)dE,
0

where Ke(E) is the flux to exposure dose rate conversion

factor (mr+hr’/n-cm’-sec),

and
(3) absorbed dose rate, Da(x), is defined as
E v _{E)
Da= S max p.p(x, E) —=—— &E,
0 P

where uen(E)/p is the conversion coefficient from the energy
filux to the energy absorbed dose rate when the Bremsstrahlung
is taken into account in the calculations, while for exclusion
of the Bremsstrahlung the energy transfer coefficient uktE)/p
is used instead of uen(E)/o. These conversion factors are
summarized in Table 1 for the present calculations. Table 2

gives the linear attenuation coefficients and the material
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densities, which is convenient for shielding designers to

calculate mfp of shield. These data are taken from Hubbell's

compilatiOnB. Table 3 gives the atomic composition of the

ordinary concrete, which is taken from ANL—58006.

The blanks in the item "with brems." mean that the buildup

factors with taking the Bremsstrahlung into account are almost
the same as those without it. The reason for lack of data for
lead at the source energies of 0.140.3 MeV is due to that our
calculations exclude the effect of the fluoréscence photons. The
fluorescence contribution to the buildup factors is considerably
large at these low energies for heavy materials like lead:

The data increase by ~13% at 0.3 MeV source, by v80% at 0.2 MeV

source and by a factor of 16 at 0.1 MeV source at 8-mfp depth4.
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Table 2 Linear Attenuation Coefficients and Material Densities

Material Lead Iron Water  Concrete
p(g/cm®) 11.34 7.86 1.00 2.302
E (MeV) Linear Attenuation coefficients (em™1)
15.0 §.21-01  2.41-01 1.94-02  4.87-02
10.0 5.49 2.34 2.22 5.27
8.0 5.21 2.34 .2.43 5.60
6.0  |4.92 2.40 2.77 6.19
5.0 4.81 2,47 3.03 6.67
4.0 4,69 2,60 3.40 7.35
3.0 4.72 2.84 3.97 8.44
2.0 5.10 3.34 4.94 1.04-01
1.0 7.82 4.68 7.07 1.48
0.8 9.71 5.23 7.86 1.64
0.6 1.36+00  5.99 8.95 1.87
0.5 1.75 6.51 5.67 2.02
0.4 2.49 7.24 1.06-01 2.21
0.3 4.34 8.41 1.18 2.48
0.2 1.07+01  1.09+00 1.36 2.89
0.1 5.93 2.69 1.68 3.87
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Table 3 Atomic Composition of the Ordinary Concrete

sienent | Atemic deneisy
H 1.374~02
C 1.154-04
0 4.592-02
Na 9.641-04
Al 1.852-03
Si 1.661-02
Ca 1.952-03
Fe 3.451-04

* (02-a Ordinary Concrete

in ANL-5300
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