
U.S. NRC EMERGENCY RESPONSE DOSE ASSESSMENT MODEL

A. L. Sjoreen
Oak Ridge National Laboratory

P.O. Box X. MS 243
Oak Ridge, TN 37831

CONF-871202—1
G. F. Athey

Phoenix Associates DE87 014793
4720 Montgomery Lane, Su i t e 600

Bethesda, MD 20814

C. A. Sakenas and T. J . McKenna
U. S. Nuclear Regulatory Commission

MS MNBB 3302
Washington, DC 20555

ABSTRACT

A new IBM PC-based dose assessment model has been written for the
U. S. Nuclear Regulatory Commission to replace the IRDAM model for use
during response to emergencies. It has been designed to be fast, very
simple to use, and to be easy to modify, with separate modules of the
source term, atmospheric transport, and dose models. The source term
can be estimated based on isotopic ratios or on recently developed
procedures which depend only on gross plant conditions. The atmospheric
transport and dose models have been adapted from MESORAD. The transport
model is a combination of a Lagrangian puff and Gaussian plume
dispersion models. Doses are computed for whole body, lung, and thyroid
for each grid location.

INTRODUCTION

The Interactive Rapid Dose Assessment Model (IRDAM) (1) has been in
use in the U. S. Nuclear Regulatory Commission's (NRC's) Emergency
Response Operations Center for several years. IRDAM was written in the
BASIC programming language on an Osborne microcomputer. It has been
used by the NRC personnel who report to the site of a nuclear accident
to conduct an independent assessment of dose projections. IRDAM uses a
straight line Gaussian plume model for atmospheric transport and
estimates whole body dose from cloud exposure and thyroid dose from
inhalation. These doses can be calculated for isotopes of iodine and
the noble gases. Since the model's development, considerable progress
has been made in assessing of severe accident source terms and
consequences. IRDAM does not reflect the current NRC understanding of
those aspects of a severe accident important to early dose assessment.
A new model has been written to correct the technical and operational
problems in IRDAM and to run on the microcomputers presently in use by
the NRC.
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The new model was designed to include the following features:

a. estimation of whole body dose from deposition and
cloud exposure,

b. estimation of air and ground surface concentrations,
c. written in FORTRAN,
d. nuclides and dose factors consistent with MESORAD (2),
e. form/screen oriented user input,
f. improved source term determination,
g. consideration of a range of nuclides, and
h. MS DOS compatible.

This new model estimates doses resulting from accidental
atmospheric releases of radionuclides. As with all models used to
project severe accident dose, the resulting doses are considered to be
only crude estimates of probable dose. The model requires only
information that might be available during an emergency and to be as
self-explanatory as possible. It is written in FORTRAN and C. (Only
the data entry modules are written in C). It runs on any MS DOS
compatible machine.

The new model has been written in three parts: source term,
atmospheric transport, and dose. The data required are accident
location, either an assessment of plant conditions or an estimated
source term, and basic meteorologic information. The quantity released
can be entered by the user or computed using the method of source term
estimation based on plant conditions (3). If the source term has been
estimated independently, the transport and dose models can be used to
calculate the effects of any atmospheric radiological release.
Atmospheric transport is modeled using both Lagrangian puff and Gaussian
plume models taken from MESORAD. Adult effective dose equivalents are
computed for inhalation, air immersion, and ground surface exposure.
Cloud shine dose is compuced based on the model in MESORAD. Inhalation
dose equivalents for a child's lung and thyroid are also computed.

SOURCE TERM CALCULATIONS

The model allows three methods for estimating the source term based
on: (i) user-specified isotope release rates, (ii) a gross release rate,
and (iii) plant conditions. The first method allows entry of a release
duration and a specific release rate for up to 50 isotopes. These
isotopes were selected for the model because they are the most important
for early health effects of radiological accidents. The second method
allows the user to specify a gross release rate (Ci/sec or Bq/sec). The
composition of the release can be estimated either based on the
percentages of noble gases, iodines, and particulates contained in the
release or based on plant conditions using the method documented next.
The third method allows Che source term to be estimated based on
precalculated assumptions of dominant accident conditions (3). The
basic assumptions of this method are that: (i) there is a small set of
accident conditions that dominate any severe accident release, (ii)
there are scaling factors that can characterize the effects of these



dominant conditions on the release, and (iii) the dominant conditions
can be recognized and characterized during an accident.

The basic steps for source term estimation are:

1. Estimate the amount of fission products released from the core.
Four levels of core damage/release are allowed: normal coolant, gap
release, grain boundary release, and melt.

2. Identify the dominant release pathway. The pathways allowed are:

BWR dry well containment leakage/failure,
BWR wet well containment leakage/failure,
steam generator tube rupture,
large, dry, or subatmospheric containment leakage/failure,
ice condenser containment leakage/failure, and
containment bypass (event V).

3. Characterize the dominant mechanisms that will act to reduce the
release. These would include filters, pools of water, sprays, and
natural processes.

This method is described in detail in another paper presented at this
meeting (4).

ATMOSPHERIC DISPERSION MODEL

The atmospheric dispersion model reads the release height and
duration from the source term model. To make the atmospheric dispersion
model faster, only a unit release of a depositing and a non-depositing
material are transported. The estimated source term is combined with
the air and ground surface concentrations computed by this model in the
dose model. Radioactive decay and daughter buildup are not included in
the transport model. The source term is decayed over the transport time
in the dose model.

The atmospheric dispersion models are used to estimate material
concentrations at nodes on two receptor grids. The primary grid is
Cartesian with the usual spacing between receptors being several
kilometers. The secondary grid provides better resolution of
concentration near the release point. It is a polar grid with receptor
nodes at 10 degree intervals around three concentric circles. The radii
of the circles for the polar grid are generally 500 to 5000 meters.

A Lagrangian puff model is used as the primary dispersion model.
It is derived from the puff model used in the MESORAD computer code.
The model estimates concentrations at the nodes on the Cartesian grid
and may also contribute to the concentration estimates on the polar
grid. The secondary model is a straight-line Gaussian and is used only
for the concentration estimates on the polar grid. The diffusion
coefficients are a function of citmospheric stability and travel
distance.



through the Radiation Shielding Information Center (RSIC) when testing
is completed.
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