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ABSTRACT 

 
All nuclear power plants need some monitoring system in order to monitorate the radioactivity that can be 

released in the atmosphere in case of accidents. Moreover, this system has also be capable to simulate future 

releases. For this, these systems calculate the wind field, the quantity of radioactive elements and the dispersion 

of these elements, around nuclear facilities. Angra 1, 2 and 3 (under construction) Complex site, has 15.75 x 

10.75 kilometers (X x Y axis). The z axis is divided in 8 heights. So, the mesh has 23048 cells, each one 250 x 

250 meters. This work aims to show the performance of an Environmental Nuclear Monitoring System when 

working with the cells with 100 x 100 meters and 50 x 50 meters, where the computational effort of this 

approach will be made using parallels computational programs. 
 

1. INTRODUCTION 

 

All Nuclear Power Plants (NPP) around the world must to meet some requirements to be 

licensed. Some systems are essential for this purpose. The monitoring system, the 

environmental monitoring system, and the safety critical functions system are three examples. 

If a NPP has one or all of these systems, it already has a good way to be licensed. So, these 

systems are very important. 

 

The environmental monitoring system evaluates the quantity of radioactive releases in the 

atmosphere in case of accidents, and can simulates some kind of accidents. To achieve this 

goal, the system makes a division on the site, making a mesh-grid, and then calculates the 

wind field, the quantity of radioactive releases, and the dispersion model for each cell. 

According to the number of cells the system will have different computational efforts. 

 

For this study, Angra 1, 2 and 3 Complex site was simulated using the environmental 

monitoring nuclear system that is implemented. The site has 15.75 kilometers in the x axis, 

divided in 67 cells, and 10.75 kilometers in the y axis, divided in 43 cells. The heights are 

divided in 8 cells, until 1700 meters, and above this limit the calculation is made by 

extrapolation. So, the mesh has 23048 cells with 250 x 250 meters each. 

 

The wind field module uses the WEST model [1, 2], where the spatial distribution of the 

wind is described by the verification of the mass conservation of incompressible fluid. This 

model is an adaptation of the WEST module of the SMOG code, from California Air 
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Resources Board, and is used in the environmental nuclear monitoring system of Angra 1 e 2. 

There are other codes for the wind field calculations, as CTWM [3, 4] and MASCON [5]. 

 

The dispersion module is a model of transport and diffusion. It calculates the mean 

distribution of radionuclides in the atmosphere, based on a Gaussian diffusion model with 

Lagrangian variable trajectory defined by a three-way wind speed field [6]. Some conditions 

are considered: wind field is variable with the position and time, lull conditions, plume 

elevation, dry and wet deposition, radioactive decay, diffusion parameters are variable with 

the distance, and wake effect. Other codes like this one are CHARM [7] and fADE [8, 9]. 

 

This study aimed to compare the calculation time between normal mesh-grid and after the 

division, using PGI compiler options, for the dispersion model [10, 11]. After the division, 

the computational effort was raised. The results were good compared with the expected. 

 

2. THE MESH-GRID IMPROVEMENT PROBLEM 

 

The system uses cells of 250 x 250 meters. The improvement was made dividing the 

cells. So, the cell was divided first by a factor of 2, acquiring a cell of 125 x 125 meters. The 

second division was made by a factor of 5, acquiring a cell of 50 x 50 meters. Figure 1 shows 

these divisions. 

 

 
 

                

 

      As consequence of the cell division, the computational time will increase due to the 

increase of the calculations of the wind field and the dispersion model. Furthermore, if the 

system is a real time system, it is necessary some way to run the system as fast as possible. 

To solve this problem, parallels codes are being used to run these systems faster. 

 

3. CUDA PARALLEL CODES 

 

CUDA parallel codes are used in order to make the calculations faster. They use graphic 

processing unit (GPU) to launch loops. In this study, PGI Visual FORTRAN was used. This 

software is developed from FORTRAN computational language with CUDA FORTRAN 

optimization parameters and CUDA library.  

 

GPUs have thousands of cores that are used to make the loops faster. The code uses 

threads, independent processes, to run each loop at the same time on each core of the GPU. 

Imagine a loop containing thousands of iterations and being calculated many times faster. 

Figure 1:  Representation of a cell division by the factors 1, 2 and 5. 
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After the calculation, all the values are joined. In this way systems with hard computational 

efforts can be optimized [12, 13, 14, 15, 16]. 

 

CUDA implementation can be started by two ways: manually or automatic. Manually 

means someone needs implement CUDA statement in the code. Automatic means someone 

just needs to choose some options in the compiler and then the code will automatically 

chooses its way to optimize. 

 

In this study, the options in the compiler were used to optimize the dispersion module. 

These options are: “Maximize Speed Across the Whole Program” or “Maximize Speed” in 

the Optimization option, “-O2” or “-O3” in the Global Optimizations option, “Enable 

Vectorization”, “Vectorize using SSE instructions”, “Vectorize using SIMD instructions”, 

“Vectorize using 128-bit SIMD instructions” or “Vectorize using 256-bit SIMD instructions” 

on the Vectorization option, “Yes” or “No” in the Auto-Parallelization option, “Yes” or “No” 

in the Enable CUDA FORTRAN option, “Yes” or “No” in the Intel Core I7 option, and 

“Yes” or “No” in the Target NVIDIA Accelerator option. There are other compiler 

parameters options that were not used in this study. 

 

As defined [17], in general, these options involve using transformations and replacements 

that generate more efficient code. This is done by the compiler and involves replacements 

that are independent of the particular target processor’s architecture as well as replacements 

that take advantage of the 86x or 64x architecture, instruction set and registers. 

 

Global Optimization is performed in a program unit over all its basic blocks. The 

optimizer performs control-flow and data-flow analysis for an entire program unit. All loops, 

including those formed by Ifs and GOTOs, are detected and optimized. Global Optimization 

includes: constant propagation, copy propagation, dead store elimination, global register 

allocation, invariant code motion, and induction variable elimination. 

 

Loop Optimization includes Unrolling, Vectorization and Auto-Parallelization. The 

performance of certain classes of loops may be improved through vectorization or unrolling 

options. Vectorization transforms loops to improve memory access performance and make 

use of packed SSE instructions which perform the same operation on multiple data items 

concurrently. Unrolling replicates the body of loops to reduce loop branching overhead and 

provide better opportunities for local optimization, vectorization and scheduling of 

instructions. Performance for loops on systems with multiple processors may also improve 

using the parallelization features of the PGI compilers. 

 

The execution model targeted by the PGI Accelerator compilers is host-directed 

execution with an attached accelerator device, such as a GPU. The bulk of a user application 

executes on the host. Compute intensive regions are offloaded to the accelerator device under 

control of the host. The accelerator device executes kernel, which may be as simple as a 

tightly-nested loop, or as complex as a subroutine, depending on the accelerator hardware. 

 

The minimum expectations are a gain of 2/3 of the CPU time for automatic parallelization 

and a gain of 1/1000 for manually parallelization. 
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4. IMPLEMENTATION AND RESULTS 

 

In this study, were simulated ten cycles for the dispersion module, which means ten 

inputs for the module, each one meaning one cycle. Moreover, were used just the compilers 

parameters in order to optimize the dispersion module of the environmental monitoring 

system. 

 

Table 1 shows the computational time obtained for the dispersion module for the normal 

mesh-grid, divided by 2 and divided by 5, and the computational time for routines of 

calculations in this module, without any optimization. 

 

 

 

Mesh-Grid 
Computational Time (ms) 

Entire Module Only Calculations 

Normal 733 542 

Divided by 2 843 609 

Divided by 5 54352 53946 

 

 

So, evaluating the Table 1, one can be seen that the improvement in the mesh-grid for the 

125 x 125 meters does not mean a real cost in terms of computational time and effort. In 

order to verify this affirmative, Table 2 shows the Computational improvement using the all 

compiler parameters for both, normal and divided by 2, mesh-grids. 

 

 

 

 

Mesh-Grid 

Computational Time for the 

Entire Module (ms) 

Computational Time Only  for 

Calculations (ms) 

No Optimization Optimization No Optimization Optimization 

Normal 733 718 542 513 

Divided by 2 843 764 609 545 

 

 

The option “Max Speed in Whole Program” was used in the optimization in Table 2. The 

other option, only “Max Speed”, presented relative errors with 5.55% for calculations and 

1.96% for module, for the mesh-grid divided by 2, and 3.39% for calculus and 2.22% for 

module, for the normal mesh-grid. Actually, it does not mean an important improvement 

since it is under 10% relative error. 

 

Furthermore, Table 2 proves that the optimization meaning nothing for these cases of 

mesh-grid. Calculations and module are very fast and the optimization makes no sense in 

these cases. Because of that, more tests including other compiler parameters were not done. 

There is no expectation of improvement for these cases. 

 

For the mesh-grid divided by 5 something different occurs. As one can see in the Table 1, 

module takes too much time, even as calcultions. For this case, many tests were carried out. 

Table 3 shows the results from these tests. 

Table 1: Comparison between three mesh-grids without optimization 
 

Table 2: Comparison between two mesh-grids improvements using  

all compiler parameters for optimization 
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Optimization 
Computational Time (ms) 

Entire Module Only Calculations 

No optimization 54352 53946 

Target I7 51137 50839 

Target NVIDIA 36504 36207 

Target 

I7+NVIDIA 
36648 36345 

Multi Speed 

Auto-

Parallelization 

15585 15287 

Multi Speed 

Whole Program 

Auto-

Parallelization 

15631 15350 

Multi Speed 

Global 

Optimization O3 

15584 15272 

Multi Speed 

Whole Program 

Multi Speed 

Global 

Optimization O3 

15584 15302 

Multi Speed 

Whole Program 

Multi Speed 

Global 

Optimization O2 

15585 15305 

Multi Speed 

Whole Program 

Vectorization 

SSE 

15568 15288 

Multi Speed 

Whole Program 

Vectorization 

128bits-SIMD 

16817 16536 

Multi Speed 

Auto-

Parallelization + 

Global 

Optimization O3 

+ Vectorization 

128bits-SIMD 

16910 16616 

All parameters 

Multi Speed 
17332 17021 

Table 3: Tests for the mesh-grid divided by 5 
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All parameters 

Multi Speed 

Whole Program 

16614 16316 

 

 

So, as one can be seen in the Table 3, some parameters could reach the expectations and, 

actually, were better. The automatic use of the cores of the CPU I7 does not represent a real 

gain because this CPU has just 4 cores. Unlikely, the use of the NVIDIA cores were really 

better. NVIDIA has 1536 cores, so the result were very good. When we use both, I7 and 

NVIDIA, together, the improvement is not better than the NVIDIA option. That shows the 

concatenate of the options does not mean improvement. Actually, in the other concatenations 

one can see that there is no improvement related to the other options. 

 

The option “Multi speed in whole program with vectorization using SSE” presented the 

best result. But the other results in the same seconds, second 15, are all almost the same. 

Actually, there is no real difference between them, and all could achieve, and got better, the 

1/3 CPU time for automatic parallelization. 

 

5. CONCLUSION 

 

The present work shows the mesh-grid improvement on the dispersion module of the 

environmental monitoring system of an NPP. 

 

The division of the mesh-grid by a factor 2 does not mean real computational effort rise. 

It just makes any sense for the factor 5 division. Some compiler parameters are better and 

when many of them are used together there is no computational improvement compared with 

the best compiler parameters. The results were very good and achieved the expectations on 

this case. 

 

As conclusion, the mesh-grid improvement was viable and did not represent a loss of the 

system quality. It means that the computational efforts generated by that improvement were 

rectified by the optimization using the PGI compiler options. If just the use of compiler 

options represented a big gain, the use of manual parallelization would be much better.  

 

The use of automatic parallelization showed good optimization. However, if the system 

takes too long, more than a minute, or the goal is a real time system, the manual 

parallelization has to be used. 
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