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ABSTRACT
The AIRDOS-EPA computer code s a methodology. designed for use on
IBH-360 computers C}hai?estimates radionuclide concentratfons in air.)
Crates of deposition gnground surfaceg}&%%%nd surface concentratfons}

(‘%%ake rates via 1nha1ation of air and ingestion of meat, milk, and fresh

prme, gy e —

vegetahleil(gnd radiation doses to man from afrborne releases of radio--
nuciides:) This report describes the atmospheric and terrestrial transport
models used in the code, their computer implementation, and the applic-
ability of the code to the assessment of radiological impacts. A listing
of the code and & demonstration run of the code are presented {n the

appendfces.

==  —1

A modified Gaussian plume equation {is used to estimate both horizontal

and vertical dispersion of &s many as 36 radionuclides released from one

to six stacks or area sources. Radionuclide concentrations in meat, milk,

and fresh produce consumed by man are estimated by coupling the output of

the atmospheric transport models with the U.S. Nuclear Regulatory Coonﬂssion.

Regulatory Guide 1.109 terrestrial food chain models. Dose conversion

factors aro input to the code, and doses to man at each distance and
direction soecified are estimated for total gody. red‘gerféw. lu;gs,
gndooxeal.ce11s. stomach wall, lowef large intestine wall, thyigid.
l?ver. kidneys, testes, and ovaries through the following exposure modes:

(1) immersion in air containing radionucifdes, (2) exposure to ground

-y gen | g g

surfaces contaminated by deposited radionuclides, (3) {mmersion in con-

taminated water, {4) inhalation of radionuclides in air, and (5) ingestion

. of food produced in the area.
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The code may be run to estimate highest annual {ndividual dose in
the area or annual population dose. For efther option, output tables
summarize doses by nuciide, exposure mode, and organ. Also, for either
8 square or circular grid option, ground concentrations of radionuci%des
and intake rates by man are tabulated for each environmental location.
Working level exposure§ are also calculated and tabulated for {nhalation
of 22%q short-1ived progeny. Run time is less than 5 min on the IBM
360/91, and the core requirement s 650 K (kilocore).
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-T. INTRODUCTION

The AIRDOS-EPA computer code was developed at Qak Ridge National
Laboratery (ORNL) to be used by the U:S. Environmental Prote;tiqn Agency
(EPA) as part of & methodology to evaluate health risks to man from
atmospheric radfonuclide releases. This report describes the final
version of an interim methodology outlined under Task I of Interagency
Agreement No. EPA-78-D-X0394 betweén ORNL and the EPA. The models and
parameters described in AIRDOS-EPA will be reviewed and reevaluated
under Task II of this {nteragency agreement.

The code is & modified version of AIRDOS-II (Moore, 1977), which has
been used by the Environmental Sciences Division (ESD) and the HeaIthvand
Safety Research Divisfon (HASRD) of ORNL for several years to assess
radiological impacts of routine operatfons of nuclear facilities. Both
point sources and uniform area sources of atmospheric releases of radio-
nuclides can be evaluated by AIRDOS-EPA, which estimates (1) concéntrations
in air, (2) rates of deposition on ground surfaces, (3) ground surface
concentrations, (4) intake rates by man via food ingestion and air
fnhalation, andi radiatfon doses recefved by man.

£ 36/radionuclides released from one to six stacks or area

As many
sources can be Mandled in & single computer run. Annual-average meteor-
ological data for the area surrounding a nuclear faci\fty may be supplifed
as input to the code, which then estimates air and gréund concentrations
and intake rates by man for each radionuclide at various distances and
diréctions from the release point or the center of an area source. From.

‘these values, doses to man at each distance and directfon specified are
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estimated for total body, red marfow. lungs, endosteal cells, stomach

wall, lower large intestine wall, thyroid, V{ver, kidneys, testes, end
ovaries through each of five exposure modes. These modes are g;g {mmersion
in aif containing radionucliides, Sﬁ) exposure to ground surfaces cone-
taminated by deposited‘radionuclides. (2; funersion in contaminated
water, (5) inhalaticn of radionuciides in air, and (S) {ingestion of food
produced-}n.the grea. The dose calculations are maé;.with the use of
dose conversion factors supplfed as {nput data for each radionuclide,
exposure mode, and Eeference organ or tissue.

_ At the option of the user, the area sprrounding the source may be
subdivided either with a circular or 8 square grid. For the circuler
option, as many as 20 distances may be spec{fied for each of 16 compass
directions. Each distapce represents the midpoint of a sector. The
squaré option employs a 20 by 20 grid with the source at the center.

The grid sfize is gpecifigd by the user,

The code may be run to estimate éither the highest annual {ndividual
dose in the area or the annual population dose. For efther of these
options, tables are prévided as output which summarize doses in several
ways — by nuclide, exposure mode, and organ. Also, for either option
seIectgd. ground concentrations of radfonuclides and fntake rates by man
are tabulated for each specified envirqnmenta1 location. In addition,
working level exposures are calculated and tabulated for {nhalatfon of
2220, and 1ts shortlived progeny, dAentio:

Section 2 of this report discusses the atmospheric and terrestrial
transport of released radionuciides and the methods used for calculating

the resultant dose to man from these radfonuclides. Section 3 detafls
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the atmospheric and terrestrial transport models used in the code.
Section 4 describes the input data requirements for the varfous user
options. Section 5 1ists terrestrial transport input parameters used in
8 demonstration run of the code. The methods used to determine the
values presented are briefly discussed, and specfal problems in the
determination of pa*ameter values are identififed. A listing of the.code
and a demonstration run of the code are presented {n Appendix A aﬁd B,
respectively. '

2. APPLICABILITY OF THE COMPUTER CODE FOR ATMOSPHERIC BISPERSION
CALCULATIONS AND RADIOLOGICAL ASSESSMENTS - .

Release rates (in curies per year) to the atmosphere from each

pofnt or area source are known collectively as the source term. The

plume containing radionuclides fs dispersed both horizontally and

verticaili as it is blown downwind. The code estimates the annual-
average concentration (picocuries per cubic centimeter) of each radfc-
nuclide in the source term in afr at ground level as a function of

direction and distance from the source; annual-average frequencies of

~ wind direction, wind speed, and atmospheric stability category are

employed 4s {nput data. ,
Ra@ionuclides in the form of particulates or reactive gases deposit

on grou;d or water surfaces through scavenging processes, which primarily

consist of washout by rainfall, and through dry deposition processes.

The code estimates the deposition rate for each radionuclide in units of

picocuries per square centimeter per second for each location for which

estimated afr concentrations are calculated.
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