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Abstract

ARGOS-NT: A COMPUTER BASED EMERGENCY MANAGEMENT SYSTEM.
In case of a nuclear accident or a threat of a release the Danish Emergency Management

Agency is responsible for actions to minimize the consequences in Danish territory. To provide an
overview of the situation, a computer based system called ARGOS-NT has been developed in
1993/94. This paper gives an overview of the system with emphasis on the prognostic part of the
system. An example calculation shows the importance of correct landscape modeling.

1. INTRODUCTION

Denmark has no nuclear power plants of its own, but is surrounded by 11 reactors
operating within a distance of 200 km from its borders. Of these 11 reactors, 2 are placed only
20 km from the center of Copenhagen which has 1 million inhabitants. All the surrounding
reactors are of western design with filtered containments, but in emergency planning, one
must never disregard the rest risk from such installations.

In the early eighties the Ris0 National Laboratory developed the first UNIX based
ARGOS system (Accident Reporting and Guiding Operational System) to manage
measurement in the case of a nuclear emergency. In 1993/94 the system has been totally
redesigned, and today the system is implemented as a graphical Microsoft Windows NT
application. ARGOS-NT has today become a central part of the Danish nuclear emergency
system.

The system can collect and present measurement data from mobile units, on-line
measuring stations and helicopters, and includes the atmospheric dispersion model RIMPUFF,
which can calculate a prognosis in less than 15 minutes.

2. SYSTEM OVERVIEW

ARGOS-NT relies heavily on a graphical presentation of measurement data and the
calculations performed on these. The core of the system is a client/server database that stores
measurement data collected from all parts of Denmark. The data are entered on-line and can
be accessed and approved by centrally placed experts. The measurement data comes from a
variety of sources. These include:
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Figure 1: Nuclear Plants Around Denmark

• Mobile units that measure dose rates at points along pre-defined routes.
• Mobile units that measure air-concentration in specific areas.
• Mobile units that collect environmental samples.
• Permanent on-line measuring stations that are equipped with ion chambers,

scintillation detectors and precipitation detectors.
• Pre-processed data from airborne systems.

The presentation of the measurement data is centered around geographical maps on
which data and calculations can be overlaid:

• Actual measurements presented as colored points.
• Isodose and deposition calculations presented as curves and/or colored areas.
• Prognosis for deposition, air concentration and gamma doses from released

radioactivity, presented as puffs and/or colored areas.

3. THE ATMOSPHERIC DISPERSION MODEL — RIMPUFF

The Ris0 Mesoscale PUFF model (RIMPUFF) (Thykier-Nielsen and Mikkelsen,
(1993)) can calculate prognosis for multiple isotopes simultaneously, and uses wind and rain
data from the Danish Meteorological Institutes numerical weather model (Machenhauer et al.
(1991). The wind data are updated twice a day and include a 36 hour forecast.
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F/gure 2; ARGOS_NT Map, Prognosis and Isodose documents

Cs137 deposition with constant roughnes Cs137 deposition with roughnes variations

Figure 3: Cs -137 deposition a) with constant roughness
b) with roughness variations
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4. DRY DEPOSITION

exception is for noble gases, though. Groundshine can be an important contributor for both
short and long term dose rates. Furthermore the deposition on rural surfaces is important
notonly from the viewpoint of doses to the rural population but also due to its impact on food
contamination (via crops and livestock).

Deposition can be separated into dry and wet deposition, of which only the former is
dealt with here. Dry deposition rates are different for gases and particles, and both are highly
controlled by the surface, so different materials have different deposition to different surfaces.
The factors influencing dry position can be divided in three groups (Hurnmelshefj, (1994)):
Micrometeorology: Atmospheric stability, wind speed, inversion layer
Material: Particle size, solubility, hygroscopicity, reactivity
Surface: Surface type, roughness, canopy structure, wetness

As many of these factors are difficult to measure and parameterise, only a few are used
in practical atmospheric dispersion models. In RIMPUFF dry deposition is modeled using the
so-called source depletion model, where dry deposition for a given material is characterized
by a deposition velocity, which is specified as a function of atmospheric stability and wind
speed (Thykier—Nielsen, and Larsen, (1982)). In the new version of the model the surface type
is also taken into account. This is done in characterizing each type of surface (urban, rural,
forest and water) by its surface resistance, which primarily is a function of surface roughness
and friction velocity (for a given material) (Hummelshefj (1994), Jensen (1981), Roed (1990),
Asman et. al. (1994)). For lu Csl37 particles the resulting dry deposition velocities are
assumed to be (Panitz et. al. (1989)): rural areas (grass) = 0.001 m/s, forest = 0.002 m/s, urban
= 0.0001 m/s and water = 0.0001 m/s (dependent on wind speed). The difference between
urban and forest is due to differences in surface area.

It should be borne in mind that this is a simplified picture, but, for most accident
scenarios this is a reasonable solution.

5. SAMPLE CALCULATION

To illustrate the significance of taking into account the surface type in the assessment
of consequences of radioactivity releases, the following scenario has been considered: A 1
hour release from the Swedish Barseback reactor located about 20 km from Copenhagen. It is
a summer situation with moderate easterly to south-easterly winds and neutral stability. Wind
and stability data are based on the 0resund experiment. The meteorological data are updated
every 10 minutes. The area considered for the calculations is 85 by 98 km. The material
passes over water for about 20 km before it reaches the coast of Sjaelland.

The resolution of the grid used for the calculations is 500 m X 500 m. Each grid
square is assigned a roughness class: urban, rural, forest or water. Calculations of integrated
ground concentrations have been made with 2 types of dry deposition models:
a) No dependence on deposition from surface roughness, i.e. the roughness in the entire

area is the same = rural areas.
b) The area is classified in roughness classes as described earlier.

Further 3 release heights are considered: 50 m, 95 m and 500 m, and 3 isotopes: J131,
J131 organic and Cs137.

The results for Cs137 released at the height 95 m are shown in Fig.3.
Fig.3a shows the first type of deposition modeling (no roughness classification) and

Fig. 3b the same situation taking into account the roughness classification. There is a
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significant change of the deposition pattern, when the roughness variation is allowed for.
Deposition and thus gamma doses in the urban area close to the coast are reduced by a factor
of 2-3. Deposition over the rural area close to the city is increased about 20-50% while there
are only small changes in the amount deposited at longer distances.

For higher release heights and/or isotopes with lower deposition rate the influence is
less significant and vice versa.

It is difficult to make a general conclusion from the calculations described here, as the
surface types in the environment of different nuclear power plant are not the same. However,
it seems that surface type and thus surface roughness, are important factors, which could have
a significant influence on the consequences of accidental releases from nuclear power plants.
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