
ESTIMATING DOSES AND RISKS ASSOCIATED WITH DECONTAMINATION AND
DECOMMISSIONING ACTIVITIES USING THE CRRIS

* £ *
C. W. Miller, A. L. Sjoreen, and S. J. Cotter

Oak Ridge National Laboratory
P. 0. Box X

Oak Ridge, TN 37831
CONP-860203—3

DE86 003314
ABSTRACT

The Computerized Radiological Risk Investigation System (CRRIS) is
applicable to determining doses anr* risks from a variety of decontamination and
decommissioning activities. For example, concentrations in air from resuspended
radionuclides initially deposited on the ground surface and the concentrations
of deposited radionuclides in various soil layers can be obtained. The CRRIS
will estimate exposure to radon and its progeny in terms of working-level
months, and will compute the resulting health risks. The CRRIS consists of
seven integrated computer codes that stand alone or are run as a system to
calculate environmental transport, doses, and risks. PRIMUS output provides
other CRRIS codes the capability to handle radionuclide decay chains. ANEMOS
and RETADD-II calculate atmospheric dispersion and deposition for local and
regional distances, respectively. Multiple ANEMOS runs for sources within a
small area are combined on a master grid by SUJIIT. MLSOIL is used to estimate
effective ground surface concentrations for dose computations. TERRA calculates
foodchain transport, and ANDROS calculates individual or population exposures,
doses, and risks. Applications of the CRRIS to decontamination problems are
discussed.

INTRODUCTION

Work is being completed on an integrated set of computer codes and data
bases to serve as a state-of-the-art radiological risk assessment methodology
for the U. S. Environmental Protection Agency (EPA). While designed primarily
to assist EPA in regulating radioactive effluents covered by the Clean Air Act
amendments of 1977, these codes can also be used in a variety of decontamination
and decommissioning activities. Shown in Fig. 1 are the codes that comprise
this Computerized Radiological Risk Investigation System, or CRRIS, and their
interrelationships. The remainder of this article will briefly examine each of
the CRRIS codes and discuss their use in performing nuclear risk assessments,
especially those for decommissioning and decontamination activities.
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Figure 1. The computer codes which comprise the CRRIS systi
the various pathways of interaction among them.
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PRIMUS

The PRIMUS code (1) is generally the fivst code run each time a new set of
released radionuclides (source term) is evaluated using CRRIS. This is a
program for the Preparation of Radionuclide Ingrowth Matrices from User-
specified Sources. Based on the radionuclides in the source term supplied as
input by the user, the PRIMUS code sets up matrices of decay constants for the
calculation of daughter ingrowth by accessing a documented radionuclide decay
data base (2). The parent decay and daughter buildup calculations are not
handled directly in PRIMUS. Instead, the other CRRIS codes use the PRIMUS data
files to make these calculations via appropriate subroutines.

ANEMOS

The purpose of the ANEMOS code (3) is to estimate concentrations in air and
ground deposition rates for Atmospheric Nuclides Emitted from Multiple Operating
Sources. ANEMOS calculates the average concentrations around a source for
releases that occur over an extended period of time, such as a year*

The calculations made in ANEMOS are based on the use of a modified point-
source, straight-line, 22.5-degree sector-averaged, Gaussian-plume atmospheric
dispersion model (4). The emission source for an ANEMOS calculation may also be
a finite area with the computational grid centered on the centroid of the
assumed circular area. Basically, air concentrations and ground deposition
rates for an area source are calculated by interchanging the source and the
receptor points and approximating the effect of a point scarce (receptor) on a
sector (area source).

For a point or area source, the radiological source term is specified by
the name of each parent radionuclide, its particle sizes, its lung clearance
classes, and its release rate (activity/s). For a windblown source, the
activity density (activity/g) and the fraction of the time that the windblown
source remains dry are entered instead of a release rate for each radionuclide
to be considered. A model developed by Mills, Dahlman, and Olson (5) is used to
calculate the radionuclide release rates.

ANEMOS requires as basic meteorological data a joint frequency distribution
of wind direction, wind speed class, and atmospheric stability class over the
time period of interest in each run. The basic set of dispersion parameters
used in ANEMOS is that developed by Smith (6). These parameters may be modified
by the user to account for building wake effects (7). Also, radionuclides may
be removed from the plume during transport by dry and wet deposition processes.

The output of ANEMOS is presented for 16 sectors of a circular grid with
nuclide-specific air concentrations and ground deposition rates. ANEMOS can
calculate both the sector-averaged concentrations and deposition rates at a
given set of downwind distances in each rector, and the average of these
quantities over an area within each sector bounded by two successive downwind
distances. These results, along with a user-supplied description of the source
and pertinent information on the parameters used to make the run, are printed
for inspection by the user and written to a file for use by other codes in the
CRRIS.
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ANEMOS makes calculations for only one release point in A given run and
does not account for contributions from other nearby sources. The purpose of
SUMIT (8) is to provide for the Systematic Unification of Multiple Input Tables
that have been generated by individual runs of ANEMOS. SUMIT combines the
results of these individual runs onto a master grid.

The grid system used in ANEMOS is generally set up for computational
convenience. This may not, however, be the desired grid from an assessment
point of view. As a result, provision has been made in SUMIT to interpolate an
ANEMOS output to other locations. These other locations may be [1] a
rectangular grid of specified dimensions, [2] a different circular grid of
specified dimensions, or [3] specific locations within the original assessment
area as designated by the user, e.g., site boundaries.

RETADD-II

For downwind distances on a regional or continental scale, a REgional
Trajectory And Diffusion-Deposition model, RETADD-II (9), has been incorporated
into CKRIS. RETADD-II is intended for the estimation of average dispersion over
a time period not shorter than a month. RETADD-II operates by calculating
tropospheric wind trajectories which advect or carry material away from the
source of emission. Superimposed on these trajectories are the vertical and
horizontal diffusion rates of the advected material which are a function of
travel time. Loss of material by deposition en the ground is also accounted for
in RETADD-II, as is radioactive decay and ingrowth of daughter species. Also,
both wet and dry plume depletion effects may be considered. The source of
emission may be either at ground level or elevated. This option allows for
realistic treatment of plume depletion from elevated sources during the initial
part of the advection and diffusion process. RETADD-II could also be used to
examine individual trajectories.

The calculation of wind trajectories uses a data base of historical upper-
air wind data. The premise behind this approach is that a climatology which is
typical for the assessment run is chosen from the historical record and used in
the simulation. For instance, to predict dispersion patterns during a given
time period with RETADD-II, one would use upper-air wind data for that month,
season, or year of interest.

TERRA

The computer code TERRA (10) is used to calculate the Transport of
Environmentally Released Radionuclides through Agriculture. TERRA calculates
the buildup of radionuclides on the ground surface and in the root zone of
irrigated and nonirrigated agricultural soils. From root-zone soil
concentrations, TERRA calculates root uptake of radionuclides into food and feed
crops. Deposition of radionuclides on exposed surfaces of food and feed crops
is calculated by using the ground deposition rate and vegetation-specific
interception fractions. Finally, the transport of nuclides to beef and cow's
milk from ingested feeds is calculated from feed concentrations. During
transport, consideration is made for leaching of nuclides fron root-xoae soil,



variation in plant physiology ana structure, site-speciric cattle management
practices, and resuspension of ground surface-deposited material.

Ground deposition rates may be input directly into TERRA or they may be
obtained from ANEMOS, SUMIT, or RETADD-II. Also, TERRA calculations may be made
for either a circular or rectangular grid or a point location, depending on the
grid defined by either ANEMOS, SUMIT, RETADD-II, or the user. TERRA writes a
file including the data read from the atmospheric model used and the
environmental concentrations computed.

SITE

The environmental transport codes used in CRRIS rely heavily on a variety
of transfer factors for estimating the movement of radionuclides between various
environmental compartments. It is preferable to have site-specific data for
these parameters, but this is seldom possible. As a result, a major effort has
been made to acquire a data base of geographically-dependent default parameters
describing agricultural production and productivity, climate, and other
considerations across the conterminous United States. These parameters are
available on a 1/2 x 1/2-degree longitude-latitude basis and are part of a data
base of Specific Information on the Terrestrial Environment, called SITE (11).
For a given location, as specified by a longitude-latitude coordinate, TERRA
simulates terrestrial transport by incorporating 20 of the SITE parameters into
its calculations. The remaining 14 parameters not used by the TERRA code are
either used by or are available for use by the other codes of CRRIS.

The agricultural parameters in SITE were derived from the United States
county-averaged values given in the report by Shor, Baes, and Sharp (12) which
analyzes the 1974 Census of Agriculture. Cliznatological parameters were
interpolated from long-term averages recorded by U.S. weather stations.
Demographic parameters describing the fraction of the population in various
urbanization categories were available from the 1970 U.S. Census and the
population estimate was taken from the 1980 U.S. Census.

MLSOIL AND DFSOIL

The MLSOIL (Multiple Layer SOIL model) (13) code is used to calculate an
equivalent ground-surface concentration to be used in computation of external
doses. This effective ground-surface concentration is equal to (the computed
dose in air from the concentration in the soil layers) divided by (the dose-rate
factor for computing dose in air from a plane concentration). MLSOIL uses a
five-compartment linear-transfer model to calculate the time-dependent
concentrations of radionuclidee in the soil resulting from deposition on the
ground surface. The model considers leaching through the soil as well as
radioactive decay and build-up. The element-specific transfer coefficients used
in this model are a function of the soii-vater distribution coefficient and
environmental parameters. The DFSOIL (Dose conversion Factors for radionuclides
in SOIL) code calculates dose-rate factors to determine the dose in air per unit
concentration at 1 m above the ground for each of the five soil layers used in
MLSOIL and the dose per unit concentration from a surface plane source. MLSOIL
and DFSOIL used together produce a soil concentration that can be used in ANDROS
«s an alternative to the soil concentration computed in TERRA.



ANDROS

The ANDROS computer code (14) is used for the Assessment of Nuclide Doses
and Risks witV. Option Selection. ANDROS couples radionuclide concentrations
generated by the other codes in CRRIS with human intake factors and dose and
risk factors to arrive at individual or collective doses and health risks.

Doses and risks are calculated for the released radionuclides and their
daughter products; results are tabulated for doses and risks due to released
radionuclides (including doses and risks from all daughters) or for individual
("exposure") radionuclides. The specific effects available are dose* dose
equivalent, risk, risk equivalent, and life lost per premature death. Also,
risk, risk equivalent, and life lost due to exposure to radon progeny may be
computed in terms of vorking levels. Intake of food groupings may be calculated
for either individuals or populations. Doses and risks for external pathways
may be corrected for the time the exposed persons spend indoors, and
concentrations in the food pathway can be further decayed due to storage time.

The dosimetric and health-effects data base used in ANDROS was developed
using the RADRISK computer code (15,16). The basic life-table methodology used
to derive the health effects data in RADRISK was developed by EPA's Office of
Radiation Programs. ANDROS reads dosimetric data files that consider internal
exposure due to inhalation and ingestion of radionuclides as well as external
exposure from photons emitted by radionuclides in the air and on the ground.
The dosimetric files used by ANDROS contain organ-specific dose rates (mrad/year
per pCi/year) for each pathway. Internal dose commitment values are then
tabulated using the fact that the dose rate after either 50 years or 70 years cf
uniform chronic intake is numerically equivalent to the 50-year or 70-year dose
commitment, respectively, for a unit intake. The dose commitment is the total
dose over a future period associated with an acute intake. ANDROS uses these
values to estimate the risk to the population for somatic effects. Genetic .
effects in offspring of exposed parents are estimated on the basis of the
average total absorbed dosa to the gonads assuming a 30-year exposure period.
In addition to calculating doses to individual organs, ANDROS also calculates a
weighted whole-body dose that combines doses from various organs on the basis of
the relative risk for somatic effects as a result of a dose to a specific organ.

ANDROS also requires as input the rates of food consumption. In
calculating the ingestion exposure, the user selects the fraction of foods
consumed that are grown in home gardens and the fractions that are grown
elsewhere inside the assessment area depending on whether the area is classified
as rural-farm, rural-nonfarm, or urban. The SITE data base is then accessed to
determine production, population, and fractions of the rural/urban
classification. The amount ingested from the assessment area is then the
maximum of the amount produced or the fraction consumed with the remainder being
imported from outside the area. The user can select radionuclide concentrations
in imported food ingested. A second option exists to assume that the food
within the area is consumed by an unspecified population-at-large regardless of
the local population characteristics.

APPLICATIONS

The CRRIS is a flexible tool for performing radiological assessments. As
indicated by Fig. 1, various combinations of the CRRIS codes nay be used to
tailor an assessment to user needs. For example, if only inhalation and air



immersion doses ana risks are to be calculated, then the user may eliminate
TEREA and MLSOIL from the assessment. On the other hand, if ground deposition
rates and air concentrations are known for a given location, then the user may
perform the assessment using PRIMUS, TERRA, MLSOIL, and ANDROS.

Because of the built-in flexibility of the CRRIS, this system of computer
codes is ideally suited for determining doses and risks from a variety of
decontamination and decommissioning activities. For example, concentrations in
air from resuspended radionuclides initially deposited on the ground surface
over a large area can be calculated, making the CRRIS suitable for assessing the
impact of uranium mining and milling tailings piles. Decay of the parent
radionuclides and build up of radiologically-important daughter products is an
integral part of the CRRIS. The extensive location-dependent data bases allows
the necessary population, agricultural, and other data necessary for the
assessment to be obtained relatively easily.

In recent years many sites involved in the handling of radioactive
materials have been found to be a source of environmental contamination.
Extensive radiological monitoring and remedial action activities have been
carried out at some of these locations. The CRRIS is suited to assist in the
characterization of potentially-contaminated sites. Both the aerial extent of
the potential contamination and its potential health impacts can be estimated if
sufficient information is available to characterize the nature of the
environmental radionuclide releases. Results of CRRIS computations can thus be
used to prioritize monitoring activities.

Exposures to radon emissions from both natural and industrially-enhanced
sources are becoming of increasing concern in the U. S. The CRRIS will compute
exposures from radon and its progeny in terms of working-level months, and will
compute the resulting health risks. By using the RETADD-II code to calculate
air concentrations and ground deposition rates, the continental impact of radon
releases can be estimated.

DISCUSSION

The CRRIS codes should be used for assessments of long-term releases to the
atmosphere and chronic exposure conditions. None of the transport codes are
intended to address accidental or acute releases. The default parameters have
been selected with these points in mind. Furthermore, almost all parameters are
not associated with a single value, but a distribution of values encountered in
the environment. Often these parameter distributions span an order of magnitude
or more. The default parameters chosen for CRRIS are mostly median estimates of
their distributions and reflect an effort to choose "reasonable" values.

In using CRRIS computer codes, it is the responsibility of the user to
determine if the input parameters, options, default parameter values, and codes
selected are representative of the problem being addressed. To this end, the
documentation of the individual codes addresses questions concerning theory,
parameter values, and applicability of the codes to certain types of problems.



Because of its modular construction the CRRIS codes provide an alternative
to assessment codes which incorporate all calculations into a single program.
Each code of CRRIS contains well-documented default parameters for ease of
operation, but all defaults may be readily overridden. Additionally, numerous
options for transport, dose, and risk calculations and for output display in all
codes make CRRIS a very versatile system for performing nuclear assessasr.ts,
including those related to decontamination and decommissioning activities.
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