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ABSTRACT
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PRESTO (Prediction of Radiation Exposures from Shallow Trench
Operations) is a computer code developed under United States Environ-
mental Protection Agency funding to evaluate possible health effects
from radionuclide releases from shallow, radioactive-waste disposal
trenches and from areas contaminated with operational spillageT The
model is intended to predict radionuclide transport and the ensuing
exposure and health impact to a stable, local population for a 1000-year
period following closure of the burial grounds. Several classes of sub-
models are used in PRESTO to represent "scheduled events," "unit system
responses," and risk evaluation processes.

The code is modular to permit future expansion and refinement.
Near-surface transport mechanisms considered in the PRESTO code are cap
failure, cap erosion, farming or reclamation practices, human intrusion,
chemical exchange within an active surface soil layer, contamination
from trench overflow, and dilution by surface streams. Subsurface
processes include infiltration and drainage into the trench, the ensuing
solubilization of radionuclides, and chemical exchange between trench
water and buried solids. Mechanisms leading to contaminated outflow
include trench overflow and downward vertical percolation. If the latter
outflow reaches an aquifer, radiological exposure from irrigation or
domestic consumption is considered.

Airborne exposure terms are evaluated using the Gaussian plume
atmospheric transport formulation as implemented by Fields and Miller
(1980).

The DARTAB computer code is used to combine radionuclide exposure
rate values with health risk factors for specified at-risk populations.
The DARTAB methodology is described in reports by Dunning, Leggett and
Yalcintas (1980) and Begovich et al. (1981).
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INTRODUCTION

The U. S. Environmental Protection Agency (EPA) is developing an
environmental standard for the disposal of low-level radioactive waste
(LLW). This standard is to be issued during 1982. PRESTO (Prediction
of Radiation Effects from Shallow Trench Operations) is designed to
provide EPA a model to assess the impacts of shallow land burial under
numerous situations in support of standard-development activities.
The model is intended to predict radionuclide transport and the ensuing
exposure and health impact to a stable, local population for a 1000-year
period following closure of the burial grounds.

Several classes of submodels are used in the model to represent
"scheduled event," "unit system response," and risk evaluation processes.
Scheduled event submodels use user-specified variables to simulate the
time-varying profile of trench cap failure, onset of farming or reclama-
tion practices, and human intrusion. Unit system response submodels
simulate processes such as infiltration of rainwater into the trench and
erosion of soil overburden from the trench cover. These system response
submodels generate parameters used elsewhere in the simulation.

The PRESTO code is structured in a modular form to permit simple
upgrading or replacement of given submodels without rewriting the entire
code. The code is written for an IBM 360 computer system to be operated
in batch mode. The MAIN program accepts initialization and input data
from an input subroutine and calls the process subprograms as needed.

IDENTIFICATION OF AT-RISK POPULATIONS

PRESTO is intended to compute doses and risks over a 1000-year
assessment period following closure of a shallow-land radioactive waste
burial ground. The code is designed to permit flexibility in specifying
the populations of interest and the appropriate pathways of inhalation,
ingestion, and direct exposure for these individuals. At-risk popula-
tions may be pre. d to reside at the following locations: (1) the
geographic centroids of present off-site population centers; (2) the
site boundary; or (3) within the existing confines of the burial site
itself. For example, populations of type (1) may have the current
number of individuals of local population centers. The population age
distribution, implicit in certain risk tables accessed in the model, is
that determined for t>- 'Jnited States in the 1970 census. These indi-
viduals ingest off-siL^ food and water and breathe off-site air. The
type (3) population may represent an individual who actually lives on
the reclaimed site. This individual, termed an intruder, may be assumed
to ingest trench well water and incur an additional exposure ^rom resi-
dency in an excavated trench.

In summary, PRESTO permits great flexibility in user identification
and specification of at-risk populations.

TRANSPORT METHODOLOGY

Radionuclides are transported from the site principally by wind-
blown dust, ground water, or surface water. Figure 1 summarizes the
major pathways of aqueous transport accounted for in the PRESTO code.
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Fig. 1. Major pathways of water transport in PRESTO.
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Fig. 2. Pathways of air transport considered in PRESTO.
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Transport processes shown in this figure are modeled with resolution of
one year. Radionuclide output from the trench is strongly dependent on
net infiltration input from the surface as computed by a modified ver-
sion of Morton's evapotranspiration model (Morton 1976, 1978). As dis-
cussed in the introduction, infiltration is a function of cap status
(a time varying user input term) and surface modification by fanning
and/or intrusion.

Percolation of rainwater through the trench cap varies as weather-
ing, surface erosion, and trench cap failure modify the immediate
environment. Trench contents are presently assumed homogeneous but
algorithms may be written to simulate canister failure or leaching from
consolidated wastes. Radionuclide concentration in trench seepage water
is influenced by radionuclide solubility and seepage hydrology. Expo-
sures from contaminated groundwater are computed assuming Darcy flow in
the trench-to-aquifer region and constant velocity non-dispersive hori-
zontal flow for the saturated aquifer domain.

The combined effects of dispersion and radioactive decay in the
aquifer are accounted for by applying a correction term computed ana-
lytically from the integrated shape functions for dispersive and non-
dispersive impulse releases in a manner similar to that described by
Hung (in press). Radionuclides move at "retarded" velocities relative
to water. Retarded velocities are computed using a partitioning coef-
ficient approach, and it appears that the transit time through the
groundwater pathway is very long compared to the half-lives of the most
commonly buried radionuclides. Exposures which result from radicnuclide
transport involving groundwater include those resulting from irrigation
(yielding exposures through food contamination pathways, following con-
tamination by atmospheric deposition and irrigation) and direct inges-
tion of well water or contaminated surface water.

Atmospheric transport pathways are presented in Fig. 2. Mobiliza-
tion of dust is simulated by applying either a time-dependent resuspen-
sion factor (Anspaugh et ai., 1975) or a resuspension rate (Healy, 1980)
computation. Atmospheric transport is modeled using a Gaussian plume
atmospheric transport formulation (Gifford, 1968) as implemented by
Fields and Miller (1980).

The DARTAB computer code is used to combine radionuclide exposure
rate values with health risk factors. The DARTAB methodology (Begovich
et al., 1981) is a life-table approach based on the RADRISK model des-
cribed by Dunning, Leggett and Yalcintas (1980).

MODEL ASSUMPTIONS

Transport-related computations are simplified by several model
assumptions. First, daughter products of decay are not calculated
because, for the most part, the inventory of commerical low-level waste
burial grounds includes few radionuclides that are part of long chains.
Chemical reactions are not considered explicitly, but are parameterized
using factors such as element-specific chemical exchange coefficients,
K,j. Waste material in the trench is considered to be effectively homo-
geneous in terms of radionuclide distribution and type of material; i.e.,
no canister containment will be modeled. Groundwater transport is one-
dimensional through a "tube" from the point of radionuclide input below
the trench directly to a surface water body or well. A correction
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factor (Hung, in press) is calculated and applied to account for the
combined effects of radioactive decay and dispersion In the groundwater
pathway. Annual average meteorological conditions (stability and veloc-
ity) are assumed for the atmospheric transport simulation, and wetfall
corrections are assumed negligible.

CONCLUSIONS

The PRESTO code is designed to permit assessment of extant and pro-
posed shallow-land radioactive disposal sites for the 1000-year period
following site closure. The program is modular and is sufficiently
versatile to allow consideration of representative populations and expo-
sure scenarios.

Data are being compiled for application of the model to existing
burial sites at Barnwell, South Carolina; Beatty, Nevada; and West
Valley, New York.

Coding for PRESTO is approximately 80% completed; the code and a
user's manual for the model will be released later in 1981.
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