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SUMMARY The post Chernobyl era has seen the development of a plethora of radiological
consequence models. The information used in these models pertains mostly to temperate and cold
climate data, with these data mostly being hard-wired into the body of the model. At the Australian
Nuclear Science and Technology Organisation (ANSTO), a model is being developed with a user-
friendly interface which will assess the radiological consequences, after an incident, in tropical and sub-
tropical climates. The model combines specific regional data with transfer parameters (soil to plant,
plant to animal) obtained for tropical and sub-tropical regions. Where the relevant data are not available
default temperate data are used whilst specific research will be initiated to determine the information
required.

INTRODUCTION

The use of a model as a tool to aid in the
assessment of the effects on the environment
and humankind, inclusive of the effects of
industrial incidents or accidents, can be very
valuable for emergency response, evaluation,
planning and research. The model needs to be
able to handle the complexity of environmental
situations whilst allowing the operator to alter
parameters as required to meet specific needs.

The post Chernobyl era has seen the
development and assessment of many
radiological consequence models dealing with
nuclear accidents and incidents including
planned discharges and waste repositories. The
major studies have been mainly in the temperate
regions of the world and so the information used
in these models pertains mostly to temperate
and cold climate studies with these data mostly
being hard-wired into the body of the model.
This left a large proportion of the worlds
population, resident in the tropical and sub-
tropical regions, without such a tool.

At ANSTO. a model is being developed with a
user-friendly interface which will allow the user
to determine the radiological consequence in the
event of a release of radionuclides in tropical

and subtropical climates. The model was
focussed on the major pathways by which dose
assessment to humans is made. These pathways
include inhalation, groundshine, cloudshine and
tlie transport of radionuclides in the food chain,
with atmospheric dispersion being modelled
separately and made available to the program.
Preprocessing of the output produced by the
dispersion model is required to select the
appropriate data and to store it in a format
suitable for the program. Further, for the
current implementation, physical processes such
as leaching, runoff and groundwater transport
are not considered, although the concentration
data can be preprocessed by such models if
available.

METHOD

Data Acquisition
The initial data acquisition was based on locally-
available publications and ANSTO expertise to
ascertain the amount of relevant material
available on site. Various people had
infonnation to impart relating to the type of
models used overseas, their structure and type
of data used within these models. Post
Chernobyl, many countries are using the
information specific to their own environment to
model the radiological consequences and verify



the model response against measured data.
Literature relating to many such models has
been obtained during the data acquisition
process. Two of these, found to be very
valuable are: i TAME - The Terrestrial-Aquatic
Model of the Environment (1), ii Individual
Evaluation of Model Performance for Scenario
S (2). Other information gathered consisted of
lists of possible contacts, as well as related
studies. These included the International Atomic
Energy Agency (IAEA) initiated Cooperative
Research Program (CRP) collating transfer
parameters for tropical and semi-tropical
environments. An ANSTO library search of
books, databases and journals was conducted.
Relevant books in the library included
proceedings of conferences and seminars on
environmental radioactivity. These were mainly
of the 1970"s and 1980*s studies associated
with weapons testing radiological consequences
but still provided good background data. The
IAEA Technical Report Series, Safety Series
and the Annals of the International Commission
on Radiological Protection (ICRP) all provided
important sources of information. The various
annals of the ICRP are important sources for
the Reference Man (Caucasian) data needed in
the model, including the recent ICRP
Publication 71 'Age Dependent Doses to
Members of the Public from Intake of
Radionuclides: Part 4 Inhalation Dose
Coefficients" (3). An IAEA Technical
Document is currently being prepared which
presents Reference Asian Man data. In
conjunction with the library staff, a search of
the International Nuclear Information System
(INIS) was conducted. The references of
interest from the INIS searches were then used
to assemble the data or default values for the
model.

Demographic and geographic data were not
available at ANSTO. Much of the statistical
information required for the South East Asian
region was obtained from the United Nations
(UN) library in Sydney. This required personal
visits to the library to search for and copy the
data. The internet was another source for
retrieval of demographic information on a
country basis. Most countries have a web page,
some with comprehensive information relating
to climate, topography and population as well
as economic statistics.

Pathway diagrams were drawn to incorporate
all the factors contributing to the dose to man
from nuclear incidents producing airborne
contaminants. This allowed the model to be
constructed in a systematic sequence where all
the selected pathways were addressed.

Model Development
The model is implemented in the Java
programming language. Java was chosen
because a toolkit is available to build graphical
user interfaces, which was one of the
requirements of the project. Java also allows
portability across computer platforms such as
Unix, PCs or Macs, and the language enforces
modular code development which is well suited
to this project.

The main components are as follows:
i. The source of the release:- to simulate the
source, a number of release scenarios were
formulated. These include the choice of such
parameters as: radionuclides released, release
heights and duration of the release.
ii. An atmospheric transport mechanism:- For
this project the interest was in tracing the
dispersion of the released radionuclides in the
atmosphere and the amount deposited on the
ground. This component was modelled by the
Bureau of Meteorology (BoM), although data
from any dispersion model may be used. On
supplying the release amounts and locations, the
BoM supplied ANSTO with the air
concentration and ground deposition over the
affected region, which was estimated using
BoM's atmospheric transport models.
iii. Transport in the pathways.- Deterministic
mathematical formulae describing the pathways
that lead to the dose received by humans were
adapted from existing models with required
modifications. The computer program was
implemented to:

• facilitate the viewing of the ground
deposition and airborne concentration of
each radionuclide over the affected two-
dimensional region for each time period

• set optional parameters in the pathways that
lead to the humans acquiring a dose

calculate the effective dose to humans and
graphically display the results, as well as
allowing the user to view the total dose from the



selected scenario at a grid location and a time
period. In addition breakdown of dose
contribution from each of the pathways in the
scenario is given for each of the radionuclides.

Effects on foodchains in large volumes of water
or moving streams are not modelled in this
initial version. Sensitivity and uncertainty
analyses are yet to be implemented.

Assumptions: As with any mathematical model
of physical processes, a large number of
simplifying assumptions need to be made. The
majority of the assumptions made for the
implementation of this model are conservative,
and their importance will be assessed during the
sensitivity/uncertainty analysis. A local
production and consumption approach is
considered, i.e. food produced in a grid location
is assumed to be consumed in that grid location,
there is no transfer between grid locations.
Radionuclide decay is taken into consideration,
but daughter product buildup is yet to be
implemented.

RESULTS

Computer Program (RadCon)
The task was to design and implement a
computer program to integrate data from the
various sources and calculate the effective dose
to humans and presentation to the user (Fig 1).
The mathematical models define the transport
processes that utilise the input data to determine
a spatially and time varying dose according to
user selected options. The BoM simulation
generates the ground and airborne
concentrations over the two dimensional region
of interest over a specified time period.

A regional map is included for visualisation
purposes. The dose is calculated for the affected
region, which is then displayed superimposed
on the map so that the user can easily identify
affected regions. The dimension of the BoM
simulation determine the dimensions to be used
by RadCon.
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For the purpose of this project the interest was
only in the ground deposition and the first layer
(up to 10 m height) of the airborne
concentration. The file as supplied by the BoM
contains a number of vertical levels of the
airborne concentration. In order to reduce both
the disk space and computational time
requirements for the processing of the data, a
pre-processor was written which reads the BoM
file, extracts the required information and writes
it in a format suitable for input to the RadCon
program. In addition, the program can
optionally select subsets of the region over
which the simulation is carried out.

Mathematical Models of Pathways
The main focus of this project is the study of
transfer processes (or pathways) of
radionuclides in the environment (i.e. ground
deposition and airborne concentration following
an accidental release in the atmosphere) to
humans.

From the large number of regional models
available, segments of the mathematical
formulae used in these computer codes were
taken and the parameters and assumptions
specific for this study were incorporated, e.g.
race dependency, vegetation and animals used
as food in the region, etc. Once the
mathematical formulae within the selected
pathways are fully developed and implemented
a sensitivity analysis will be carried out to
identify the most critical parameters so that
studies can be initiated into measuring these
parameters more accurately.

The major pathways to be considered were:
Short term:-

• External irradiation from material in
the cloud. (Cloud Shine)

• External irradiation from material
deposited on the ground. (Ground
Shine)

• Internal exposure following inhalation.
• Ingestion of short lived radionuclides

such as iodine (yet to be implemented).

Long ternr-
• Ground shine.
• Internal exposure from ingestion of

contaminated food.
• Re-suspension, (i.e. contaminated

material re-entering the atmosphere,
say through agricultural practices or
wind) to be considered.

Pathway Parameters
The parameters to be considered in this project
have been identified and are included in the
mathematical formulae adapted for the project.
One of the main modifications has been to
introduce race (Caucasian, Asian, Indian,
Islander) into the equations. For each race
defined in the system, dose effect can be
calculated selectively for standard groups (e.g.
man, woman, infant, child). Further, the values
of the parameters are not directly accessible by
the user but a set of predefined options are
offered for the user to select.

A full report on the mathematical development
of all the pathways is available at ANSTO.
Only one of the pathways is presented in this
paper and is representative of the procedure
adopted for all the other pathways.

Ground Shine

External irradiation in the time interval (t-At,t)
from radioactive material deposited on the
ground is modelled by the following
mathematical formula (equation 1):

GS(r,t) = GD(r)*S*SF*DO)* Pe~lxdx

Table 1. gives a short description of the
parameters in this equation, their units and
dependencies.
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Table 1: Ground Shine Parameters
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Assumptions for Ground Shine
The mathematical formula for the Ground Shine
pathway has been adapted from Krajewski (2).
It was assumed that:
• Gamma radiation only is considered.
• Allowance is made for the attenuation of

gamma radiation by buildings. In the current
implementation, three building types are
considered (user selectable), one for rural,
one for residential and the other for urban
areas. Thus a shielding factor is required for
each of the three types of buildings.

• Indoor and outdoor occupancy factor is also
required to estimate the overall shielding
factor to account for the attenuation.

• The dose conversion factor is age and race
independent.

• The gamma dose rate is calculated for one
metre above ground.

• A factor is included to account for the
different migration rates of radionuclides in
different soil types. This results in varied
effective deposition contributing to gamma
radiation to people.

Depending on user selection, the shielding
factor will use values specified for rural or
urban building types and indoor or outdoor
occupancy factors.

Total Dose to Humans
For the current implementation, where only
contribution of crop and animal product
consumption are considered, the total dose to
humans from the ingestion pathway at time / is
given by equation (2). where P and M are the
number of crop and animal products consumed
respectively and N is the number of
radionuclides.

N P M

TotalDoseit) = £ ( £ DP{r, p, i) + £ DM(r, m, /)) equation (2)
m=l



CONCLUSIONS

Both the wide ranging literature search and the
model development have highlighted the gaps in
the data. These gaps include information on the
physical activity rates of the people of South
East Asian countries, the time spent
indoors/outdoors, the amount and type of food
consumed per day in the individual countries,
food processing, shielding factors for the houses
and various geographical parameters. At
present, default data or data for temperate
climates is used. This information will enable
the research to be stringently focussed to filling
the most significant gaps in terms of
consequence, for the remainder of this project.

In running the model it becomes immediately
obvious that it is focussed on the South East
Asian region but flexibility has been
incorporated into the design to allow application
in other regions. A geographic information
system is used for the display of input and
output data allowing quick access to not only
the results but also the underlying assumptions.

We currently have a working program which
implements many of the features we require. It
can be used to evaluate and view consequences
on the basis of time, pathway and radionuclide.
It provides an easy tool for selection of data
analysis for specific regions, setting scenario
parameters, calculating dose to humans and
visualising the results and their underlying
assumptions. The focus has been on getting the
system up and running using the available tools.
Although a number of improvements can be
made, the implementation of sensitivity and
uncertainty analysis will be the next step. A
future extension will allow viewing and
modification of data files via the program.
Currently this is carried out using system
supplied tools.The model has portability across
platforms and future extensions for a scaled
down version to operate solely on a PC are
planned.
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