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Abstract. The National Network for Environmental Radiological Surveillance (NNERS) of the Republic of 
Cuba offers services which can be divided into two main domains: Services for environmental radiological 
surveillance and services for measuring radioactivity in scraps. 
As part of this work a national monitoring system has been put into place. Such a monitoring system generates a 
great volume of information which needs to be evaluated, processed, controlled and efficiently stored. To face 
this challenge in 2002 the National Network started two investigation projects in order to automate some of its 
services.  
In this work, we briefly present five softwares designed to improve the quality of the services offered by the 
NNERS. We also give a short description of the main results obtained with the use of these tools.  
The automatization of the measurements for some indicators and the development of technical methods for the 
interpretation of the results have significantly improved the operational capabilities of the national network. For 
instance, it has also made possible to carry out studies to characterize radiologically the posts of the network. 
The improvement of the radiological control of the scrap has diminished the risk of exposure to radiation and the 
risk of pollution due to the fusion of radioactive sources. 
The use these softwares has not only increased technical efficiency of the network but it has also had a very 
important social impact. Indeed, the main advantage of such an automatization is that it increases the capacity for 
giving an early response in case of a radiological emergency what redounds in an increased safety for the 
population and the environment. 
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1. Introduction   
   
The services offer by the National Network of Environmental Radiological Surveillance (NNERS) can 
be divided in two main domains: Services for environmental radiological surveillance (SERS) and 
services for measuring radioactivity in scraps (SMRS). 
 
At the national level NNERS is conformed by 18 active posts and 34 refolded posts. Of the 18 active 
posts 4 are classified as type A and 14 are classified as type D. Type A posts monitor the dose rate 
absorbed by the air due to the gamma environmental radiation, aerosols, the precipitations, the milk 
and the surface meteorological variables. Type D posts monitor the dose rate absorbed by the air due 
to the radiation environmental gamma using TLD with a biannual integration time.   
 
Since 2002, several projects have been carried out to automate some of the services offered by 
NNERS. As a result, it has been possible to obtain, in real time, measurements of some radiological 
and meteorological variables. This automatization has faced us with a large volume of important 
information that needs to be registered, processed, evaluated and interpreted in an efficient way.  
To fulfil these new requirements, three software tools have been developed. These tools allow 
the measurement of virtual variables and the implementation of technical methods for the 
interpretation of the results, contributing to increase the operability of the network.    
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Additionally, NNERS carries out radiological controls of scraps as a service to companies that export 
these types of materials. These radiological controls are very important to avoid possible situations of 
radiological emergency.  The measurements for these radiological controls are taken in situ and 
posteriorly sent to the Center for Radiation Protection and Hygiene (CPHR).  Once the results of the 
radiological control are ready a Declaration of Conformity, that certifies that the scrap can be 
exported, is given. The large number of controls carried out every day made imperative the 
development of tools to automate this process. The automatization helped to meet the demands of the 
clients for a fast approval and, at the same time, reduce the probability of errors in the transmission of 
the data and measurements.   
   
Essentially, two computer systems were designed based on the requirements of the Quality System of 
these services. As a result the services offered by NNERS have increased their efficiency contributing 
to a higher level of satisfaction of the clients.    

2. Materials and Methods   
 
The computer tools developed for the SERS are: 1) Psycrodata, 2) GammaRed and 3) TLDRed. 
Moreover, the software developed for MRS are:  4) GesChat and 5) DataChat.    
   
2.1 Psycrodata   
   
Psycrodata is a system for the calculation of the characteristics of the humidity of the air. It uses the 
expressions recommended by the World Meteorological Organization (WMO) and an in-built 
mathematical model.    
   
2.1.1 Expressions implemented by the software   
 
The software offers two possibilities for the calculation of the parameters that characterize the 
humidity of the air. In the first one the dry temperature and the relative humidity are required as input 
whereas in the second one the dry temperature and the humid temperature is required.   
   
For the first case, the program relates the parameters that need to be calculated, with the dry 
temperature and the relative humidity by means of the following expressions:   
 

100 eHR
E
.

=                                                                                                                                         (1)   

 
And this leads to:    
 

.
100
Ee HR=                                                                                                                                         (2)   

 
Where HR denotes the relative humidity, e denotes the tension of the vapor of water in the atmosphere 
and E is the tension with which the atmosphere is saturated of vapor to a specified temperature.  
  
There are a great number of equations that relate the parameters E and the dry temperature (T). The 
most used ones are the Goff - Gratch formula given by:  
  
log10E = -7.90298(373.16/T-1) + 5.02808 log10(373.16/T) -1.3816 10-7(1011.344(1-T/373.16) 

 –1) +8.1328 10-3(10 –3.49149(373.16/T-1) –1) + log10(1013.246)                                                     (3) 

 
 And the OMM formula:   
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log10E = 10.79574(1-273.16/T) - 5.02800 log10(T/ 273.16) +1.50475 10-4(1 –  

10(-8.2969 (T/273.16-1))) +0.42873 10-3(10 (–4.76955(1-273.16/T)) –1) + 0.78614                                        (4) 

 
Supplementally, the software also offers an alternative way to calculate E which is not based on 
expressions (3) and (4).  This alternative procedure was independently developed by the authors of this 
paper.  Basically, a mathematical model was fitted to the data using the values of a psycrometric table 
(smithsonian). For the fitting we graphed the data of T versus E. This graphical representation led to a 
Gaussian curve with a correlation coefficient of 0.9971.    
   

E= 849.62773 exp 
( )2

2

145.10448
( )

2(44.91182)
T −

−                                                                                            (5)                           

   
When the input data are the dry temperature and the humid temperature, the tension of vapor of water 
e is calculated by means the psicrometric formula:   
 

' ( ')e E Ap T T= − −                                                                                                                               (6)   
 
Where T denotes the dry temperature, T´ denotes the humid temperature and E´ is the tension of the 
vapor saturated for the humid temperature. E´ is calculated by substituting T´ in the expressions (1), 
(2) and (3).  P represents the atmospheric pressure; A is the psycrometric coefficient that depends, 
among other factors, of the speed of the wind.  The humidity is calculated by means of (1), and the 
other parameters Td and D are calculated using the expressions (5) and (6).    
  
2.1.2 System Facilities   
   
Clearly, the geographical location of the radiological posts has an impact on the results that will be 
obtained using the data generated by them. Therefore, each meteorological station needs to be 
registered before the processing of its information begins. This information is stored in the system 
database.   
   
The data entry can be carried out either in an automatic or manual way. The automatic way allows to 
directly import the data recorded by the measuring equipments and to do the calculation of the 
variables that characterize the humidity of the air automatically. The manual option makes possible to 
digitalize the values of the meteorological variables that were monitored in previous years and to 
include automatically in the database the results of the calculations done with this information. The 
rough data as well as the results of the different analyses can be displayed graphically to facilitate the 
interpretation (see figure 1). This enables us to reproduce the psicrometric tables.   
 
Figure 1: Graphic visualization of the acquired or introduced data 
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As previously stated, it is possible to calculate the water vapour tension using as input either the dry 
temperature and the humidity or the dry temperature and the humid temperature. The system also 
gives the possibility to choose one of the three mathematical criteria previously explained. 
Conversions of units for the temperature and the pressure are possible as well.  
 
The data can be exported to a text file what facilitates the posterior calculation of correlation 
coefficients between the variables that characterize the humidity of the air and other environmental 
variables. This format also offers a great flexibility for a graphical analysis of the data and the results 
(see figure 2).   
 
Figure 2: Behavior of the gamma dose rate with regard to the variables that characterize the humidity 
of the air measured in the occident post of the SERS in April 2005 
 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 
 
The software can offer reports daily, monthly, quarterly, biannual and yearly.  These reports are used 
for the analysis of the behaviour of the meteorological variables that is necessary to send to the Global 
Network for Isotope in Precipitation (GNIP) and for the informs of the NNERS. 
   
2.2 GammaRed   
   
Gamma probes are installed in the four types A posts of the NNERS.  These probes measure the 
temperature and the dose rate due to the gamma environmental radiation every 10 minutes every day. 
For economic reasons, the software that allows the automatic registration and analysis of these data 
was not available. Hence, it was imperative to create a tool that could handle this large volume of 
information. To that effect a system was developed: the GammaRed. It allows importing all the files 
generated by the probes and to store them into a database for further processing. Using this software is 
possible to study the correlation between the dose rate and the meteorological variables. Further, it 
also allows elaborating the reports required by the environmental radiological surveillance.   
   
2.2.1 System Facilities   
   
As stated before, the software permits to import and store all the information generated by the gamma 
probes installed in each of the four type A posts habilitated for the SERS and also the posts in the 
rector center of the SERS.  The system works with the standard units in which the gamma dose rate 
is expressed (nSv/h to nGy/h) but it also allows the conversion of data from one unit to 
another one.    
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It elaborates daily, monthly, quarterly, biannual and annual reports of the gamma dose rate for 
each of the four types A posts and also for all the posts in the rector center of the SERS.   
 
Additionally, it calculates the empirical thermal coefficient Ct, (nGy/h*0C). This coefficient 
is defined as the ratio of the gamma dose rate TDG (nGy/h) and the temperature T (0C) 
measured by the gamma probes.   
 

 
T

TDGCt =                                                                                                                                (7)   

 
The calculation of this parameter has allowed investigating the influence of the temperature on the 
measurements carried out by the gamma probes.   
 
The program also offers a supplemental group of reports by schedule, schedule average, temperature 
(see figure 3), and gamma dose rate value (see figure 4). This information can be used latter on to 
study the influence of the meteorological and climatological events on the measurements of gamma 
dose rate. All the reports can be exported to a text file. This text format facilitates the posterior use of 
statistical packages for further analysis of the data.   
   
Figure 3: Report by temperature of the measurements carried out by the gamma probe in the 
Camaguey post between the 0 and 23:50 hours of the whole year 2004  
   

 
 
Figure 4: Report by gamma dose rate value of the measurements carried out by the gamma probe in 
the CPHR post between the 0 and 23:50 hours of the years 2004 and 2005 
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2.3 TLDRed 
 
The NNERS type D posts, which are distributed through the entire country, monitor the dose rate 
absorbed in air due to the gamma environmental radiation with biannual integration time, using 
thermoluminiscent dosimeters (TLD). TLDRed system records, controls and processes the information 
generated by these dosimeters.   
 
2.3.1 Algorithm used for the calculation of the dose rate   
 
For the calculation of the gamma dose rate in a post (TDp), using the dose data as input, the following 
algorithm is used: 
   
TDp TDd TDt= −                                                                                                                                 (8)  
  
Where TDd denotes the dose rate calculated from the dose registered in the TLD of the post (Dp), TDt 
is the dose rate calculated from the dose registered in the TLD of transportation corresponding to the 
region where this post is located (Dt).  The TDd is calculated as: 
  

( .1000)DpTDd
Tt

=                        if Dp is expressed in uSv                                                     

and  
 

( .1000000)DpTDd
Tt

=                 if Dp is expressed in mSv                                                               (9)   

 
Where Tt denotes the total time of exposure of the dosimeter from its preparation until the 
measurements are taken and it is expressed in hours, i.e,    
 

( ).24Tt Fp Fl= −                                                                                                                             (10)   
 
With Fp denoting the preparation date of the TLD, Fl the read date of the TLD. Further, the TDt is 
calculated as:  
    

( .1000)DtTDt
Ttr

=                                                                                                                                (11)   

 
Where Ttr represents the transportation time, i.e, 
     
Ttr Tt Te= − ,                                                                                                                                      (12)   
 
here Te is the dosimeter exposure time post expressed in hours  
   

( ).24Te Fco Fca= −                                                                                                                           (13) 
   
Where Fco denotes the date when the TLD was placed and Fca is date when the TLD was changed. 
Substituting (13) and (10) in (12) and all this in turn in (11), the following equation is obtained:   
 

( .1000)
( ).24 ( ).24

DtTDt
Fp Fl Fco Fca

=
− − −

                                                                                             (14)   

 
On the other hand substituting (10) in (9) we get: 
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( .1000)
( ).24

DpTDd
Fp Fl

=
−

                                                                                                                          (15) 

          
Further substituting (14) and (15) in (8) leads to:   
            

( .1000)
( .1000)( ).24

( ).24 ( ).24

DpTDp DtFp Fl
Fp Fl Fco Fca

=
− −

− − −

 expressed nSv/h                                       (16)                           

 
To express the dose rate in nGy /h we need to do the following extra calculation: 
 

1.14
TDpTDp =  

   
2.3.2 System Facilities   
   
The system stores all the information from all the NNERS type D posts, it includes their regional 
distribution and their location on the map of the region (see figure 5).   
   
Figure 5: Distribution of the RNVRA posts in the Oriental Region of Cuba 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Moreover, it calculates the gamma dose rate using the values of dose from the TLD. This value and 
the other data of the generated by the dosimeters are imported by the computing system installed in the 
laboratory of External Dosimetry of the CPHR.  
   
The program generates biannual and annual reports (see figure 6) for the type D posts and the Report 
of Delivery. These reports are used to do the annual inform of the NNERS.   
   
Figure 6: Yearly Report of the NNERS TLD dosimeters 
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2.4 GesChat   
   
This system was designed for the management of the Declarations of Conformity given by the service 
of radioactivity measurement in scraps. It   automates its confection guarantying an expedite answer to 
the client and reducing the probability of errors.   
   
2.4.1 System Facilities   
 
The database system registers all the necessary information to make the Declarations of Conformity. 
This information can be introduced manually to the system or it can be imported.  The Declaration of 
Conformity can be emitted in Spanish (see figure 7) or in English.  Any Declarations of Conformity 
emitted previously can be printed at any moment. The program allows making reports with statistical 
information about the declarations generated by the system, the scenarios of monitored scrap and the 
role of the members of the service.   
   
Figure 7: Declaration of Conformity emitted by the system 
 
   
   
   
   
   
   

 

 

 

 

 

 

2.5 DataChat   
   
It is a database system that registers and control all information related with the measurements carried 
out to the scrap containers.    
   
2.5.1 System Facilities  
 
Previous to the introduction of the specific information over the container, a set of environmental 
measurements are introduced. The system determines automatically the average values of for counts as 
well as the standard deviation and the investigation level.  
   
Once all the measurements corresponding to a container are entered, the system verify if these values 
are lower than the investigation level previously calculated and only in this case the container is 
registered in the database and the Declaration of Conformity is made. Otherwise a warning is emitted.  
   
The system generates the Measurements Registration and a file text (see figure 8) with all the 
necessary information to make the Declarations of Conformity. This file text is sent to CPHR by email 
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where it will be imported by Geschat system. TLDRed minimize the probability of errors by concept 
of data transmission. 
 

5. Conclusions    
   
The computer tools developed have contributed to the automation of the measurements of some 
meteorological and radiological parameter monitored by the NNERS. Additionally, they have 
contributed to developing technical methods for the interpretation of the results and increasing of the 
operability and capacity of the entire process. These tools have also increased our capacities to give an 
early and efficient answer in case of a possible a radiological emergency. They have also facilitated 
the conduction of studies to characterize the posts radiologically, in order to differentiate the effects of 
radiological anomalies from those originated by daily climatological events.   
 
The strengthen of the radiological control of the scrap plays an prominent role in decreasing the risks 
of an unjustified exposure to radiation or contamination of work places and reprocessing places. These 
controls help to avoid the handling of polluted metals in the event of a merging radioactive source.   
 
As a summary, the tasks carried out have strengthened the Environmental Radiological Surveillance; 
have increased the security of the Cuban population and the protection of the environment. 
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