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Abstract 

 

At the time of nuclear emergency, it is important to identify the type and the cause of the accident.  

Besides with these, it is also important to provide adequate information for the emergency response 

organization to support decision making by predicting and evaluating the development of the event 

and the influence of the release of radioactivity for the environment.  Recently, a new type of nuclear 

disaster prevention support system called MEASURES (Multiple Radiological Emergency Assistance 

System for Urgent Response) was developed which provides not only the current state of the nuclear 

power plant and the influence of the radioactivity for the environment, but also the future prediction of 

the accident development. 

 

In order to provide the accurate results of these analyses quickly, MEASURES utilizes the various 

technique, such as multiple nesting method which narrows down the calculation area gradually, and 

parallel processing computer for three dimensional analyses, such as air current distribution analysis. 

In this paper, the outline and the feature of MEASURES are presented, especially focused on the usage 

of parallel processing computer for the three dimensional air current distribution analysis. 
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Introduction 

 

At the time of nuclear emergency, it is most important to shut down the nuclear reactor safely, and 

cope with the accident as soon as possible.  On the other hand, for evacuation activities of the 

residents and the visitors with sufficient time margin, it is important to make adequate decision based 

upon the accurate prediction of when, how much and to which direction the radioactivity will be 

diffused.  If this decision making is inadequate, unnecessary unrest might be stirred up or, to the 

contrary, it might be resulted in fatal delay in evacuation activities. 

 

Recently, we have developed a new type of nuclear disaster prevention support system called 

MEASURES (Multiple Radiological Emergency Assistance System for Urgent Response). 

 

In this paper, the outline of the MEASURES and the application of the parallel processing 

computer to the three dimensional air current distribution analysis equipped to the environmental dose 

projection subsystem of MEASURES is presented. 

 

 

Outline of the MEASURES System 

 

In order to support nuclear emergency response effectively, MEASURES is equipped with the 

following four subsystems: 

 

l AIPS - Accident Identification and Processing System 

l ACIS - Accident Course Inference System  

l ASAS - Accident Simulation Analysis System 

l EDPS - Environmental Dose Projection System 

 

Figure 1 shows the system configuration of MEASURES. 
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Figure 1. The system configuration of MEASURES 

 

The outline of each subsystem is as follows. 

 

AIPS - Accident Identification and Processing System 

 

AIPS performs the data acquisition, the plant status information display and the identification of 

the event.  Plant status data via plant computer, environmental parameters such as off-site radiation 

monitors, wind direction, wind velocity and the meteorological prediction data such as NOAA 

(National Oceanic and Atmospheric Administration) are acquired.  AIPS displays these data in an 

intelligible and familiar mimic form.  AIPS identifies the event with these plant status data and its 

diagnostic table.  Figure 2 shows the example of the information displays and Figure 3 shows the 

example of the event diagnosis display. 

 

   
 Figure 2. Plant status display Figure 3. Event diagnosis display 
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ACIS - Accident Course Inference System 

 

Based on the diagnosis by AIPS, ACIS performs the inference of the event development by 

retrieving event tree and the estimation of the release time, release rate and dose rate of radioactivity.  

Pre-analyzed data of the event development and the source term data are stored in its database for this 

inference.  ACIS displays the pattern of the event development in the form of event tree.  Figure 4 

shows the example of the ACIS event tree display. 

 

 
Figure 4. Accident course inference display 

 

ASAS - Accident Simulation Analysis System 

 

While ACIS infers the event development based on the pre-analyzed data, ASAS can perform the 

inference of the event development and the sauce term more realistically by means of the severe 

accident analysis program.  This program covers the analysis from a normal operation mode to a 

severe accident mode. Figure 5 shows the example of the accident simulation display. 

 

 
Figure 5. Accident simulation display 

 

EDPS - Environmental Dose Projection System 

 



 5

EDPS forecasts an air current status and then forecasts the diffusion status of radioactive material 

based on this air current status.  In order to forecast the diffusion status of radioactive material, using 

weather forecast data such as GPV (Grid Point Value) data distributed by Meteorological Business 

Support Center, the wind direction and the wind velocity phenomena for the desired period of time at 

each evaluation point are calculated by solving the partial differential equations which describe the 

meteorological phenomena.  Then, the time transition of the concentration of radioactive material at 

each evaluation point is calculated by solving the diffusion equation using concentration and quality of 

released radioactive material and wind field data obtained by the air current analysis.  In addition, the 

quantity and the kind of released radioactive material can be given both by transferring the results of 

ACIS or ASAS automatically, or by giving those data manually. 

 

EDPS displays those results in the form of wind velocity vector diagram, distribution of airborne 

concentration, activity distribution deposited on the ground, dose rate distribution, total dose 

distribution and animation of plume transfer behavior.  Figure 6 shows the example of the wind vector 

display, Figure 7 shows the dose distribution display and Figure 8 shows the plume behavior display.  

These diagrams are superimposed with the topographical map around the nuclear power station. 

 

   
 Figure 6. Wind vector display Figure 7. Dose distribution display 

 

 
Figure 8. : Plume behavioral display 

 

Meteorological observation data 
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In Japan, the meteorological observation data called GPV is distributed through the Internet every 

12 hours from Meteorological Business Support Center.  This GPV data show meteorological data, 

such as wind velocity vectors, atmospheric pressure, temperature and moisture content, at a plurality 

of elevations (the elevations at 20 points from the ground surface up to altitude of 10Km) for every 

2Km distance of spatial grid point on the earth.  In addition, the GPV data distributed at a time 

contains total of 51 hours meteorological data obtained at 3-hour intervals. 
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Figure 9. GPV data 

 

 

Meteorological phenomenon model 

 

Since GPV data consists of the grid point of 2Km spatial interval and 3 hours time interval, it is 

difficult to obtain the accurate result of diffusion concentration of radioactive material only by this 

relatively coarse atmospheric status data. 

 

The meteorological phenomenon model called RAMS (Regional Atmospheric Modeling 

System)[1] is employed in MEASURES-EDPS to perform accurate three dimensional air current 

distribution analysis.  RAMS was originally developed by Colorado State University and Mission 

Research.  The fundamental equations of air current distribution analysis, represented in RAMS code, 

comprise equation of motion, equation of thermal energy, equation of moisture diffusion and equation 

of continuity. 
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GPV data provides the initial conditions and is also used to generate the boundary conditions for 

RAMS code.  The boundary conditions are obtained by interpolating both 2Km spatial interval and 3 

hours time interval grid point data of GPV. 

 

2Km
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interpolated boundary condition data
evaluation points to be solved by RAMS

 

Figure 10. Initial conditions and boundary conditions for RAMS 

 

From the viewpoint of supporting nuclear emergency response activities, it is required to predict 

the detailed diffusion status of radioactive material accurately within a comparatively narrow area, a 

radius of about 20Km centering on a nuclear power station, for example.  On the other hand, it is also 

necessary to obtain the meteorological data of a surrounding large area which encloses this target area 

in order to solve the diffusion status of the target area accurately. 

 

As the spatial interval and time interval between each grid point gets fine to obtain the accurate 

numerical result of partial differential equation such as RAMS, it takes more calculation time. 

 

It is needless to say anew, it is desirable that the result of environmental dose projection can be 

calculated not only as  quick as possible but also as far future as possible from the viewpoint of 

supporting nuclear emergency response activities such as decision making of whether and when the 

refuge of residents are required. 

 

As a method to perform meteorological phenomenon analysis quickly, there are the multiple 

nesting method and the time-split method which are described below.  Among these, the multiple 

nesting method is a technique included in the original RAMS code. 

 

 

Multiple nesting method 
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Setting up the spatial interval finely of final target area where accurate analysis is needed, as a 

calculation time reduction technique, a method called multiple nesting method is employed in RAMS. 

 

According to the multiple nesting method, areas called wide-area, medium-area and narrow-area 

are set up respectively as shown in Figure 11. 

 

Wide-Area Medium-Area Narrow-Area  
Figure 11. Multiple nesting method 

 

Here, the area where the most accurate meteorological analysis is needed is the narrow-area. 

 

Since the atmospheric phenomenon of the target area should be changed according to the 

atmospheric phenomena of the area surrounding it, it needs to set up the medium-area and the 

wide-area which surround the target narrow-area respectively. 

 

For example, the primary grid points with interval of 8Km and the secondary grid points with 

interval of 800m are set up respectively for the wide-area as shown in Figure 12.  And for the 

medium-area, the primary grid points with interval of 4Km and the secondary grid points with interval 

of 400m are set up respectively.  Finally, the primary grid points with interval of 2Km and the 

secondary grid points with interval of 200m are set up respectively for the narrow-area where the most 

accurate atmospheric analysis is needed. 
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Figure 12. Example of grid interval for each area 

 

According to the multiple nesting method, the analysis of atmospheric phenomena of the 

wide-area is performed first.  Then, the analysis of medium-area and the analysis of 

narrow(target)-area is advanced in turn.  In this sequence, the calculation result of grid point common 

to each area is transferred to the calculation of the next area as it is. 

 

Thus, by setting up only the grid interval of the narrow-area finely where most accurate result is 

needed and calculating with more coarse grid interval as it keeps away from the narrow-area, 

calculation time can be reduced than the calculation with fine grid interval for entire area. 

 

 

Time-split method 

 

While keeping the time interval small to obtain the result of required accuracy, the technique 

called time-split method was developed, as a means for reducing calculation time. 

 

Making use of GPV data with which the meteorological data in every 3 hours is provided, the 

time-split method is a technique which splits the entire calculation term into plurality terms and 

allocates parallel processing computers to the calculation of each term simultaneously. 

 

For example, when computing for 12 hours calculation is to be performed using four computers, 

namely CPU #1 - CPU #4, calculation between 0 and 3-hour can be allocated to CPU #1, calculation 

between 3-hour and 6-hour can be allocated to CPU #2, calculation between 6-hour and 9-hour can be 
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allocated to CPU #3 and calculation between 9-hour and 12-hour can be allocated to CPU #4.  At this 

time, GPV data of every 3 hours is used as each initial condition and each boundary condition is made 

by interpolating GPV data, as mentioned above. 
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Figure 13. Example of CPU allocation for time-split method 

 

When the parallel calculation of each term is finished, the atmospheric data for entire term can be 

obtained by combining the result of calculation of each term in turn. 

 

Thus, by splitting the entire calculation term into plurality terms depending upon the number of 

parallel CPUs and allocating each CPU to the calculation of each term simultaneously, calculation 

time can be reduced than the calculation with single CPU for entire calculation term. 

 

 

Combination of multiple nesting method and time-split method 

 

While setting up finely both spatial grid interval of target area and time interval, calculation time 

can be further reduced by using the combination of multiple nesting method and time-split method. 

 

For example, when computing for 12 hours calculation is to be performed using four computers, 

namely CPU #1 - CPU #4, calculation of wide-area, medium-area and narrow-area between 0 and 3 

hour can be allocated to CPU #1, calculation of wide-area, medium-area and narrow-area between 3 

and 6 hour can be allocated to CPU #2, calculation of wide-area, medium-area and narrow-area 

between 6 and 9 hour can be allocated to CPU #3 and calculation of wide-area, medium-area and 

narrow-area between 9 and 12 hour can be allocated to CPU #4. 
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Figure 14. Combination of Multiple Nesting Method and Time-Split Method 

 

 

Hardware system configuration of MEASURES 

 

Figure 15 illustrates the example of the hardware configuration of MEASURES. 
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Figure 15. Hardware configuration of MEASURES 

 

Among this configuration, major part of MEASURES-EDPS such as three dimensional air 

current distribution analysis and diffusion analysis is executed on the parallel processing computer 

system.  The parallel processing computer system consists of one master computer and twenty four 

slave computers.  The master computer manages the execution of EDPS such as allocating jobs to 

each slave computer, delivering data and combining calculated result from each slave computer.  Each 

computer constituting the parallel processing computer system communicates each other through 
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1000BASE-T Ethernet LAN for the sake of high-speed data transfer.   The example specification of 

the parallel processing computer system is shown below. 

 

Master Computer: 

l CPU Intel XEON (1.8GHz) 

l Memory 1GB 

l Hard Disk 36.4GB 

l Operating System RedHat Linux ver. 7.3 

 

Slave Computer: 

l CPU Intel XEON (1.8GHz) 

l Memory 256MB 

l Hard Disk 18.2GB 

l Operating System RedHat Linux ver. 7.3 

 

The user interface portion of MEASURES including EDPS is installed on the personal computer 

(Windows-XP) and is connected to the parallel processing computer system through 100BASE-T 

Ethernet LAN. 

 

 

Allocation of parallel processing computers in MEASURES 

 

Among twenty four slave CPUs mounted on the parallel processing computer system, twelve 

slave CPUs are allocated to execute three dimensional air current distribution analysis (RAMS) using 

multiple nesting method and time-split method, and another remaining twelve slave CPUs are 

allocated to execute radioactive material diffusion analysis and environmental dose projection analysis 

using the result of three dimensional air current distribution analysis. 

 

In addition, in MEASURES-EDPS, diffusion analysis of radioactive material is performed using 

the particle method, and is integrated with environmental dose projection analysis code that 

determines environmental dose projection analysis such as distributions of airborne activity 

concentration, dose rate, total dose, external dose by cloud and ground shine and inhalation dose.  

This integrated code is called ELITE. 

 

Using twelve slave CPUs, in the three dimensional air current distribution analysis of RAMS in 

MEASURES-EDPS, given calculation term is divided into twelve terms by time-split method and 

each slave CPU executes the calculation of each given term by multiple nesting method.  The 

calculation results obtained by twelve slave CPUs are sent to the master CPU, and are combined in 

turn by the master CPU so that the detailed three dimensional air current distribution data of entire 

term of target area is obtained. 
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Example of execution results 

 

Using the hardware system configuration above, MEASURES-EDPS has completed the detailed 

three dimensional air current distribution analysis, radioactive material diffusion analysis and 

environmental dose projection analysis of 9 hours within about 10 minutes.  The spatial grid and time 

interval at this example are set as follows: 

 

Wide-Area:  Size 160 Km x 160 Km 

Number of spatial grids 40 x 40 

Time interval 20 second 

Medium-Area: Size 40 Km x 40 Km 

Number of spatial grids 40 x 40 

Time interval 5 second 

Narrow-Area: Size 10 Km x 10 Km 

Number of spatial grids 40 x 40 

Time interval 0.3 second 

 

The example of calculated results of MEASURES-EDPS are shown in Figure 16, Figure 17 and 

Figure 18. 

 

  

 Figure 16. Wind vector display Figure 17. Dose distribution display 
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Figure 18. Plume behavioral display 

 

The comparison of observed temperature, wind direction and wind speed at the AMEDAS 

observation site and the results of RAMS using multiple nesting method and time-split method is 

shown in Figure 19.  The calculated results (RAMS) of temperature, wind direction and wind speed 

agreed well with observed meteorological data (AMEDAS). 
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Figure 19. Comparison of RAMS and observed data (AMEDAS) 
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Conclusion 

 

Making use of parallel computer system, a new type of nuclear disaster prevention support system 

called MEASURES was developed. 

 

The meteorological phenomenon model called RAMS is employed in MEASURES for the three 

dimensional air current distribution analysis used for the environmental dose projection analysis.  In 

addition to the multiple nesting method built in RAMS code, the technique called time-split method 

was developed and applied to the RAMS code using the parallel processing computer system 

efficiently. By this, it becomes possible to perform the three dimensional air current distribution 

analysis and environmental dose projection analysis quick and accurate. 
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