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Abstract 

Due to the fact that the development of sensor, computing and information technologies is 
proceeding very fast, it is possible to field new systems and countermeasures for emergency 
management. Combining different dispersion modelling technologies with orthogonal 
measurement and detection networks is one of those methods. As a result, first responders 
and other safety authorities have more specified real-time information and more important, 
capability to look back in time and forecast the situation. For backward modelling the 
history databases are utilized to estimate the location of detected CBRN release. Forward 
calculation based forecasts provide the operators with more accurate situational awareness 
and more tools for CBRN incident management. This abstract describes one of the latest 
systems and fielded technologies to establish and utilize such a technologies. 
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1     Introduction 

The requirements for features of emergency management tools both on military and civil 
sector has been increasing rapidly during past few years. Different systems are insisted to 
be compatible with each other, despite of the origin and technologies used. Other 
developing features of these systems are related to simulations, threat scenario analysis and 
dispersion modelling. As a result of feedback from the field and customers, Environics has 
developed and fielded 3D modelling features combined with real-time CBRN detection as 
part new technologies for emergency and CBRN incident management. 
 
The basis for the 3D modelling is called SILAM. This modelling has been applied for 
various applications including toxic releases of forest fires and large scale nuclear fallouts. 
Additionally, sensor grid is needed to provide critical information to start actions related to 
the detected incident. Finally, complex information package will be refined trough a data 
fusion engines into graphical animations and reports that enables the profitable use of these 
systems. 

2     Data Fusion Components 

2.1     SILAM 3D Model [1] 

A modelling framework called SILAM has been created to provide an environment capable 
of supporting various types of dispersion models and suitable for approaching a wide range 
of tasks. Currently, the dispersion tool in the framework is a Lagrangian dispersion model 



with a high-precision iterative advection algorithm and a Monte-Carlo random-walk 
representation of atmospheric diffusion. This model has several provides several features, 
such as: 

• Dispersion information to a radioactive dose assessment module 
• Capability of computing the radioactive decay chains for up to 496 nuclides, their 

concentrations and depositions, dose rates and doses targeting up to 23 organs of the human 
body 

• Pre-processing of meteorological information 
• Data converting for input and output 
• Grid transforming 

 
These ensure a high flexibility to the user requests, enabling in particular the usage of 
various NWP models as data sources, with dynamical determination of internal model 
parameters such as the computation grid, vertical structure and a list of meteorological 
quantities needed for computations. 
 
The chemico-physical modules allow computations of radioactive pollutants: 

• basic SOx-NOx-NHx-O3 chemistry 
• size-segregated aerosol compounds 
• natural allergenic pollutants 
• production of sea salt 
• probabilistic estimates of plume dispersion expressed via volume and area of risk 

 
SILAM model development was mainly generated by Chernobyl Nuclear accident, but has 
been strongly improved and extended since then. It provides mathematic models not only 
for nuclear type of fallouts but also for chemical and biological (particles) dispersion. 

2.2     Sensor Grid 

In principle, the sensor grid consists of field devices communicating with data fusion 
servers. However, in practical field applications more sophisticated grid structures are used. 
Typically, a data fusion utilizing emergency management and monitoring system includes 
following key components: 

• Orthogonal chemical sensors 
• Biological sensors 
• Radiological sensors with nuclide identification capability 
• Weather sensors 
• Connection to a local/national meteorological authority 

 
Orthogonal chemical sensors provide information about chemical releases, including 
detected chemical type (or exact compound) with its concentration. The maturity level of 
biological sensors is lower than with the chemical sensors but information can still be used 
to enable modelling and analysis. Most critical information for the modelling is 
meteorological information. Models, such as SILAM, requires forecast information which 
obviously not available from the field sensor grid. Additionally, information includes wide 
range of parameters that needs to be pre-processed for the model. 

2.3 Data Fusion 

Data fusion process integrates the sensor and meteorological information with geographical 
information. Figure 2.1 illustrates the structure of data fusion engine. Core of the engine is 



computer consisting of several databases that are updated continuously by sensor grid or 
other systems, such as national meteorological information providers. 
 

 
Figure 2.1: Data Flow and Fusion Principle utilized in EnviScreen based systems 

 
Environics provides three methods for executing the data fusion and process the complex 
data into more practical and graphical format: 

1. Automatic modelling method 
2. Manual forward modelling 
3. Manual backward modelling 

 
Automatic modelling is based on pre-defined source points. The operator has located the 
possible risk targets, such as chemical and nuclear plants. Some components of sensor grid 
(i.e. sensors or monitoring stations) can be also linked into these sources. In case the 
detection threshold value is exceeded the automatic modelling activates and produces the 
best scenario. For automatic modelling the operator has possibility to configure different 
threat scenario base points. 
 
Manual forward modelling is designed to create forecasted scenarios, i.e. the purpose is to 
find out what will happen within next coming hours or days. This modelling is based on the 
meteorological forecast information. Manual modelling is typically more accurate than the 
automatic one due to the fact that more precise and real-time information is available and 
they are input to the system. The automatic base points can be applied within the manual 
modelling as well.  
 
Manual backward modelling utilizes history data bases. It fuses the sensor grid data with 
meteorological data and creates the scenario like the previous methods, but only back in 



time. Main purpose for this method is to estimate the source area/point for the detected 
release. Monitoring locations (stations/sensors) can be used as base source points in this 
method. This enables multiple dispersions from single sources. Finally, the single 
dispersions are fused and the source estimation is executed. Figure 2.2 shows an example 
of the processed and animated 3D model on large scale. 

 
 

Figure 2.2: Graphic User Interface showing the results of Data Fusion 
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