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ABSTRACT

PREPAR is a FORTRAN program designed to simplify the
preparation of input for the AIRDOS-EPA computer code.
PREPAR was designed to provide a method for data entry that
is both logical and flexible. It also provides default
values for all variables, so the user needs only to enter
those data for which the defaults should be changed. Data
are entered either unformatted or via a user-selected for-
mat. A separate file of the nuclide-specific data needed by
AIRDOS-EPA is read by PREPAR. Two utility programs, EXTRAC
and RADLST, were written to create and list this file.
PREPAR writes the file needed to run AIRDOS-EPA and writes a
listing of that file.

INTRODUCTION

PREPAR is a FORTRAN program designed to simplify the
preparation of the input file for AIRDOS-EPA (Moore et al.
1979). Preparing the input for AIRDOS-EPA can be a cumber-
some and confusing task. PREPAR was designed to provide a
method.for data entry that is both logical and flexible. It
also provides default values for all variables, so the user
needs only to enter that data for which the defaults should
be changed.

The AIRDOS-EPA computer code was written for the U. S.
Environmental Protection Agency (EPA) to assist them in
regulating nuclear effluents covered by the Clean Air Act
amendments of 1977. This code was subsequently used by EPA
as a part of the process for setting radionuclide emission
standards for both U. S. Nuclear Regulatory Commission
licensed facilities and U, S. Department of Energy facili-
ties (USEPA 1983). AIRDOS-EPA employs a Gaussian plume
atmospheric dispersion model and an implementation of the
U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide



1.109 (USNRC 1977) terrestrial transport models to calculate
dispersion of radionuclide pollutants from point or area
source releases through the surrounding atmospheric and ter-
restrial environment. The code uses meteorological and
agricultural information to calculate concentrations in air,
water, surface soil, beef, milk, and vegetables at several
downwind receptor sites. Exposure to individuals or popula-
tions from immersion in air and water; standing on the
ground surface; ingestion of beef, milk, and vegetables; and
inhalation of air are calculated from the environmental con-
centrations using various parameters and scenarios pertain-
ing to human activities and intake rates. AIRDOS-EPA has
been widely used in radiological assessments, e.g., Cotter
et al. (1980) and Baes and Sharp (1981).

AIRDOS-EPA may also convert exposures into radiological
doses. However, this option is generally not used by EPA.
Instead, the computer code DARTAB (Begovich et al. 1981)
combines dose and risk factors for a particular nuclide with
exposure and intake rate estimates from AIRDOS-EPA. The
dosimetric data is read from a file compiled through
numerous runs of the RADRISK computer code (Dunning, Leg-
gett, and Talcintas 1980). DARTAB tabulates doses and
health risks by cancer, exposure pathway, or nuclide.

The program EXTRAC, written to provide dosimetric data
for PREPAR, performs some of the computations done by DAR-
TAB. Because of this, in some cases, the same results may
be obtained by running PREPAR and AIRDOS-EPA as by running
AIRDOS-EPA and DARTAB. However, AIRDOS-EPA does not produce
the same set of formatted tables as does DARTAB.

This paper discusses the PREPAR input and output, the
calculations done in PREPAR, and the program EXTRAC. A com-
plete user's manual for PREPAR and EXTRAC is being written
(Sjoreen and Miller, in press).

DATA INPUT FOR PREPAR

PREPAR has been designed to require the mimimum possi-
ble amount of input. PREPAR provides default values for all
the data needed by AIRDOS-EPA. The PREPAR documentation
lists these default values. To run PREPAR, you must inspect
the default values for the data and determine which ones
need to be changed for your application and only those
values are entered. For example, default values are avail-
able for all radionuclide dosimetric and physical data, so
that only the radionuclide name and release rate need to be
entered in most cases. Of course, any of this default data
may be overridden if necessary.

Along with the user prepared data, two files are needed
by PREPAR. A file of wind data in STAR format is needed if
the AIRDOS-EPA wind arrays are not available. The file of
dosemetric data is written by EXTRAC and is created from
TEMPLT, a file created for this system, and the DARTAE-
RADRISK data base (Begovich et al. 1981). TEMPLT was



created by concatenating element-specific data onto the
radionuclide-specific data needed for decay and external
dose calculations. The element-specific data were primarily
taken from Baes et al. (1983). The removal rate constant
for physical loss by weathering is from Miller and Hoffman
(1982). The environmental decay constants for land and
water surfaces were arbitrarily set to zero. The
radionuclide-specific data in TEMPLT were taken from Kocher
(1981), and include photon dose-rate factors for the body
surface for air immersion, water immersion, and ground-
surface exposure.

CALCULATIONS DONE IN PREPAR

Wind Data Computations

PREPAR allows two methods for entry of the wind data
needed by AIRDOS-EPA. These data are the wind direction and
stability class frequencies and the arithmetic- and
harmonic-average wind speeds. If a file of these data is
available from a previous run of AIRDOS-EPA, PREPAR will
read that data directly. If data are not available in the
AIRDOS-EPA format, PREPAR will compute these data from the
joint freguency distribution of wind direction, wind speed
class, and stability catagory which is in the format gen-
erated by the National Climatic Center's STAR program (e.g.,
Busse and Zimmerman 1973).

Deposition and Gravitation Fall Velocities

In the absence of precipitation, particles and reactive
gases may deposit on various surfaces via impingement, elec-
trostatic interactions, chemical reactions, and other
processes. In AIRDOS-EPA, these dry deposition processes
are parameterized in terms of a dry deposition velocity, V,
(m/s). This parameter is defined as the ratio between the
rate at which material is being deposited on the surface of
the earth (flux density) and the air concentration measured
at some reference height, usually 1 m, above the earth.
Note that V. is merely a proportionality factor even though
it has the units of velocity.

PREPAR allows input of Vd and V , the gravitational
fall velocity. However, these variables may be computed
within PREPAR for particles. The computations are done
assuming a reference height of 1 m using the model of Sehmel
and Hodgson (1975, 1980). These calculations are performed
using algorithms developed by Nelson (1982). For gases, the
gravitational fall velocity is set to zero and the deposi-
tion velocity is 0.0 cm/s for unreactive gases, 0.018 cm/s
for relatively unreactive gases, and 3.5 cm/s for reactive
gases (Moore et al. 1979).

For the assessment of inhalation doses, the activity
median aerodynamic diameter (AMAD) is required rather than



the physical diameter of the particle. The aerodynamic
diameter of a particle is the diameter of an equivalent unit
density sphere with the same settling velocity as the parti-
cle itself (Morrow et al. 1966). The A M D of an aerosol is
the particle diameter associated with the median of the dis-
tribution of activity against aerodynamic diameter. A
default value of 1 gm/cm is used for the particle density
in PREPAR. Either a value for the physical particle diame-
ter (PARDIA) or a value for the AMAD should be entered for
each nuclide in PREPAR. The default value of AMAD and PAR-
DIA is 1 ;m. If only PARDIA is entered, AMAD is calculated
by multiplying PARDIA by the square root of the particle
density. If only AMAD is entered, PARDIA is calculated by
dividing AMAD by the square root of the particle density.
Note that if the default density is not overridden, PARDIA
and AMAD will be equal. If the default density is overrid-
den an.' "o AMAD or a PARDIA are entered, a warning message
will be written. Of course, the user may input both PARDIA
and AMAD, in which case no calculations are made.

Scavenging Coeffient

In the presence of precipitation, radionuclides may be
removed from a plume primarily by being incorporated into
the precipitation as it is formed (rainout), or by being
swppt out of the air by the precipitation as it falls
(washout) (Engelmann 1968). In AIRDOS-EPA, both these
processes are parameterized in terms of SC, the scavenging
rate. It is assumed that the scavenging process is irrever-
sible.

The values of SC in PREPAR are calculated using algo-
rithms developed for the ATM code (Culkowski and Patterson
1976). Particulate SC's are calculated on the basis of
Fig. 5-9 in Meteorology and Atomic Energy - 1968 (Engelmann
1968). A set of SC's as a function of particle diameter,
particle density, and rainfall rate has been adopted from
the ATM code. Values of SC for gases and very small parti-
cles that are unaffected by electrical charges and impaction
are calculated on the basis of the Kelkan-Hanford curve of
Fig. 5-11 in Meteorology and Atomic Energy - 1968 (Engelmann
1968),

SC = 5.55 x 10"4R°'6y (1)

where R is the rainfall rate when it is raining (mm/h) and y
is the gas diffusivity (m /s).

PREPAR uses a default value of y of 0.0001 m /s. The
default value of R is 5 mm/h (Slinn 1977). Both y and R may
be entered by the user. Alternatively, values of SC may ba
entered directly. One source of values for SC is empirical
measurements of washout ratios for various depositing sub-
stances and types of precipitation and precipitation sys-
tems; e.g., Semonin and Beadle (1977).



Unit Conversion and Miscellaneous Computations

Several miscellaneous computations are done in PREPAR.
For example, the ambient air temperature is entered in Cel-
sius and converted to Kelvin as required by AIRDOS-EPA. If
the user choses to enter the nuclide release in Becquerels,
the release is converted to Curies. The breathing rate of
man is entered in m /y and converted to cm /h. The total
amounts of milk, beef, and vegetables produced at an
individual's location, produced in the entire assessment
area excluding the individual's location, and produced
external to the assessment area are entered to PR^PAR to
compute the fractions produced locally and the minimum frac-
tion imported in each catagory. The external ground surface
dose conversion factor is multiplied by an input factor to
adjust for ground surface roughness.

OUTPUT FROM PREPAR

The main purpose for rp-nning PREPAR is to create a data
file that can be used as the input file for AIRDOS-EPA.
This file can be edited by the user with any standard text
editor.

The listing that is written by PREPAR includes all the
data in the AIRDOS-EPA input file and of any data that were
entered to PREPAR that are not passed to AIRDOS-EPA. An
executive summary of this data is included as the last two
pages of the output. This listing can be used instead of
the AIRDOS-EPA listing of ut data and is moire concise and
better organized than th^ "ing. Data that undergo unit
conversion in PREPAR are I* in both input and output
units. If STAR wind data are ered, those data are listed
with the computed AIRDOS-EPA wind arrays. All user options
are listed, including both the entered value of the option
and the meaning of that value. Warning messages are printed
at the beginning of the PREPAR report for any data entered
that seem inconsistent or will be disallowed by AIRDOS-EPA.

EXTRAC

The purpose of the program EXTRAC is to extract the
dose factors for ingestion and inhalation dose from the
DARTAB-RADRISK data base, compute ratios for converting body
surface doses to organ doses (FROG values), and to merge
these data with the other element- and radionuclide-specific
data.

The user input t. EXTRAC allows an expansion of the
capabilities of AIRDOS-EPA. Low-LET or high-LET dose fac-
tors, dos»j equivalent factors, or risk equivalent factors
may be selected from the data base. EXTRAC will compute a
dose factor which is a composite or weighted sum from organ
names and weights requested. Organ names other than those
in the default AIRDOS-EPA list may be used. The default



values of the input are such that the default output will
consist of the dose equivalent factors for the 11 standard
AIRDOS-EPA organ names selected for a time of 70 years and
computed with a quality factor of 20.

This program extracts dose factors for all nuclides in
RADRISK. If a nuclide had more than one set of available
factors, one set is selected as the default to be used in
PREPAR, and the index of this set is written to the output
file. If no factors of the selected type are found for a
nuclide, the dose factors are set to zero and the number of
sets of factors for the nuclide is written as zero. PREPAR
tests for this zero value and writes a warning message for
each such nuclide.

The computations done by EXTRAC consist of performing
unit conversions and computing FROG values. The FROG values
are computed as the organ specific dose factors for air
immersion divided by the value of the body surface dose con-
verison factor for submersion in air for the nuclide. If
high-LET dose factors are selected, the FROG values are set
to zero.

The output of EXTRAC is a formatted file which is used
as input to PREPAR. If the user wishes to alter any of the
values in this file, it may be edited with a text editor.
EXTRAC prints warning messages but does not print the
extracted dose factors. RADLST produces a listing of the
factors from the output of EXTSAC.

SUMMARY

The program PREPAR will simplify the preparation of
AIRDOS-EPA input data sets, and the program EXTRAC increases
the types of dose calculations possible in AIRDOS-EPA.
PREPAR allows a minimum of user input with a maximum of
flexiblity in the input method. The PREFAR user must be
familiar with AIRDOS-EPA variables names and be somewhat
familiar with FORTRAN input types. The AIRDOS-EPA user
should be familiar with these in any case. The program
EXTRAC is designed to require very little user input unless
very special types of dose factors are required. RADLST
produces a concise listing of the dosimetric data needed in
AIRDOS-EPA for all DARTAB-RADRISK nuclides.
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