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Distributed Gamma Sources in Soil*
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The SOILD computer model was developed for calculating the
effective dose equivalent from external exposure to distributed
gamma sources in soil- It is designed to assess external doses
under various exposure scenarios that may be encountered in
environmental restoration programs. The model's four major
functional features address (1) dose versus source depth in soil,
(2) shielding of clean cover soil, (3) area of contamination, and
(4) nonuniform distribution of sources. The model is also capable
of adjusting doses when there are variations in soil densities for
both source and cover soils. The model is supported by a data base
of approximately 500 radionuclides (Kocher 1977).

DOSE VERSUS SOURCE DEPTH

Effective dose equivalent responses from distributed gamma
sources in soil have been derived by Chen (1991) on the basis of
the recommendations of the International Commission on Radiological
Protection's (ICRP's) Publication 51 (1987) on external exposures.
The Monte Carlo method was used to obtain the responses. The
results were expressed in the following empirical formula that
correlates the effective dose equivalent (H) to the source photon
energy (E), source slab thickness (T), and soil density (p):

H(p,T,E) = -5° {l-Exp[-anT - P(nT)1-5]} (1)
P

where Ho is the effective dose equivalent for the infinitely thick
source layer, y. is the photon attenuation coefficient of the soil,
and a and j3 are the fitted coefficients. The dose response from a
gamma-emitting radionuclide was calculated as follows:
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where f; is the gamma yield for photon energy Et of the ith photon
emitted by the nuclide.

SHIELDING FACTOR OF CLEAN COVER SOIL

Covering a contaminated area with clean soil has been used as
a means of reducing external exposure. The required thickness of
the clean soil layer depends on its ability to shield against gamma
radiation. The point-kernel method is used to calculate the soil
shielding factor. The calculation is based on the latest buildup
factors derived by Trubey (1988). Assuming the concrete buildup
factors for soil, the shielding factor for cover soil can be
expressed as follows:

whera

Im(x) = f — Bm(z) dz, m = a or s (4)
J z

where n is the photon attenuation coefficient; B is the buildup
factor; T is the medium thickness; and a and s are designations for
air and soil, respectively. In this equation, Ta is assumed to be
100 cm for the human receptor above the ground.

AREA FACTOR

Area factors are used when soil contamination is confined to
a limited rather than an infinite area. The point-kernel method
and air buildup factors are used to calculate area factors. Area
factors in SOILD are calculated on the basis of the dose
contributions from the area bounded by the concentric circles on
the contaminated soil surface. The area factor for a particular
area can be estimated as follows:

where I, is the integral defined in Equation 4, and rs and rj+l are



the outer and inner radii of the concentric circles bounding the
area of interest. The derived area factor is energy-dependent and,
therefore, varies from one radionuclide to the other.

NONUNIFORM SOURCE DISTRIBUTION

Two methods are used in SOILD to .address nonuniform source
distributions. One method models on the assumption that there are
stratified source layers, and that each layer has a uniform source
distribution. The other method models on the basis of the
following source distribution:

S(x) = Soe-«
x (6)

where So is the source density at the top layer, x is the source
depth measured from the surface, and a is the coefficient that
characterizes the source distribution. The SOILD model has
capabilities for calculating doses for a given distribution of the
source characterized by the parameter.

OTHER FEATURES

The SOILD model also has the capability to trace the decay
chains of the parent nuclide and to add the contributions from the
daughter nuclides to that of the parent. In the current version of
SOILD, this capability is based on the assumption that equilibrium
has been established among the radionuclides in a chain.
Approximately 500 radionuclides are built into the data base of
SOILD. In addition, the model has three types of dose equivalent
data based on different exposure orientations: rotational (ROT),
anteroposterior (AP) , and isotopic (ISO) . The ROT data are used to
estimate exposure from contaminated ground, the AP data are used to
estimate the exposure of cleanup workers from contaminated walls,
and the ISO data are used to estimate the exposure of a resident in
a uniformly contaminated building. A set of organ dose data is
also provided to facilitate the calculation of dose equivalents for
specific organs. These dose equivalent data are also based on the
recommendations of ICRP Publication 51 (1987).

CODE APPLICABILITY

The SOILD model has been developed for application in
environmental restoration programs. It can (1) determine the
effective dose equivalent from external exposures from various
contamination scenarios (2) establish guidelines for external
exposures from gamma-emitting radionuclides, and (3) be used to
design remedial actions (such as level of cleanup or clean soil
coverage). The SOILD model was designed in an IBM/PC environment
and is equipped with menu-driven, user-friendly features, including
graphic output capabilities.
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