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Abstract— This paper describes a computational tool 
developed to aid the analysis of chemical, isotopic and 
production data of geothermal wells. ANAGEOT is an 
interactive and user-friendly software that allows quickly 
and efficient manner, modification, retrieval and 
visualization of the wide amounts of data involved in the 
study of reservoirs. ANAGEOT optimizes time and 
resources, due to high quantity of historical data of most 
of the wells of various petroleum and geothermal fields 
which involve information sometimes of very long time 
periods. The system has the flexibility to work with 
different fields, considering a database for each one A 
very important feature of this tool is that the reports, 
charts and graphs are generated in a way which can be 
edited at any time. Similarly these can be used as source 
files for other applications, because they are generated in 
wide commercial use applications such as Microsoft 
Word, Excel and Golden Grapher. 
Keywords— Computational tool, Geochemical analysis, 
Geothermal wells, Information processing, Interactive 
software.   

 
I.  INTRODUCTION 

The analysis of chemical and production data of the wells 
is a task of great importance for the exploitation of 
geothermal reservoirs, allowing identify the main 
reservoir processes induced by extraction and eventual 
reinjection of fluid [1, 2]. The study of the behavior 
patterns of different geochemical parameters [3] 
(temperature estimations, vapor fraction of the reservoir, 
volumetric liquid saturation, etc.) and production [4, 5] 
(flow rate, pressure, enthalpy and bottom conditions) is 
useful in reservoir characterization [6, 7], the analysis of 
the parameters as function of time and its comparison 
with characteristic patterns [8], helps prevent 
contingencies that could affect field operations and 
impact on economic, and/or energy resource damages or 
losses to the environment [9]. The ANAGEOT 
(Geothermal Analysis) program was developed in order to 
facilitate analysis of information related to processes of 
geothermal systems [10]. ]. It allows part of automated 
processing, which involves the application of 

geochemical models and other disciplines so friendly and 
simple, thus optimizing time and resources in its 
realization. Furthermore, the system provides information 
in graphs and tables that can be integrated to different 
final reports. This paper describes this tool and some of 
the most representative applications. The tool has been 
developed and applied in different Mexican geothermal 
fields [6, 11]. The ANAGEOT program has shown to be a 
useful tool in processing the information, reviews, 
possible changes for updating, analysis and interpretation. 
The practical application of ANAGEOT is linked to the 
nature of the projects and the growth [12, 13] that some 
geothermal fields have had in recent years.  
 

II.  ANAGEOT  DESCRIPTION 
ANAGEOT is a tool based on client-server architecture 
(Figure 1), is constructed in the programming language 
Visual Basic 6 and as manager database My SQL Server 
(database management system relational data type). This 
application was developed on a computer HP Z210 
Workstation, Intel Xeon processor with Windows 7 
operating system and can be compatible OS Windows 
XP, 2000 and NT Workstation. The program uses as 
graphics software, Golden Grapher V8 or higher, and 
Microsoft Office Word and Excel for viewing reports. 
ANAGEOT is a multidisciplinary and interactive tool, 
effective for integration and support the study and 
analysis of the behavior of geothermal reservoirs [14]. It 
provides graphical and tabular representation of several 
calculations needed for the study, analysis and efficient 
interpretation of information of different geothermal 
fields. 
2.1.   Advantages of having ANAGEOT 
The advantage of having this tool lies in disposing 
important information quickly and easily, which greatly 
contributes to saving time for review and processing, as 
well as generating charts and reports. In this way the 
efforts are being directed to the analysis and interpretation 
of the results, additionally that it enables to reduce costs, 
by the participation of staff directly involved in these 
activities. The program also helps to reduce and prevent 
human errors [15] due to data processing.   
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Fig.1: Representative diagram of the architecture used by 
ANAGEOT and user interaction with different modules. 

 
2.2  Items required for proper operation  
This application requires for proper operation, data 
previously reviewed and classified by theme, which are 
incorporated into the database of the field to which they 
relate. Each database is identified by the name of the 
geothermal field, and there are databases, according to 
incorporated geothermal fields. This information is stored 
in a relational database model, consisting of a set of tables 
and views. Views are virtual tables whose contents are 
defined by the query of one or more real tables, which in 
turn can also be treated as a real table.  
The tables in the database are comprised of the following 
groups of data:  

• Production Data: Enthalpies, pressures, flow rate 
of liquid, steam and mixture. 

• Isotopic data (oxygen-18 and deuterium� 

• Chemical data: Liquid phase and gaseous phase.  

• Daily injection data 
2.3 ANAGEOT modules 
Upon entering the application, a welcome screen that 
provides a brief description of their functionality (Figure 
2) it is shown. Subsequently enters a window displaying 
geothermal fields, whereby it is possible to select from a 
list of elements, the field in which user wants to work. 
The main menu consists of several modules, which have 
generally the functionality to perform these calculations:  

• Chemical composition of total discharges 

• Production of steam and liquid 

• Changes in production of liquid and steam 
mixture (Using normalized and Linear settings) 

• Interpolation settings 

• Geothermometers  

• Interpolation enthalpy of steam tables 

• Enthalpy comparisons estimated by different 
methods over time (total discharge enthalpy and 

enthalpy of SiO2  and Cationic Composition 
Geothermometer (CCG) enthalpy) 

• Injection rate 

• Changes in the chemical composition of the 
liquid 

• Gas balance methods 
 
These calculations are generated for a well or to a group 
of wells and can be represented graphically. Graphing 
package that is used is Golden Grapher V. 8 which was 
applied to the case studies described here. Another way of 
presenting the results is by generating reports text 
documents and spreadsheets (Microsoft Word and Excel) 
respectively. The software can be considered for 
widespread use; additionally the recent files generated can 
be taken as source documents for other applications.  
 

 
Fig. 2: Welcome screen of ANAGEOT. 

 
This menu has a catalog of wells, chemical liquid data 
and chemical gaseous data where it is possible to 
introduce, edit or delete information from the producing 
and/or injector wells. It also contains a selection window 
of geothermal field so that it can change to different fields 
at any time. 
Graphic section consists of two modules, for a 
comprehensive and individual analysis. In these modules, 
for generating graphs, automatically it opens the 
application to Golden Grapher. With this software it can 
edit or perform any of the actions that the program allows 
on the generated graph. 
It consists of an assistant that allows the user to perform a 
series of graphs and analysis of a well. It can be edited the 
visual characteristics of both symbols and lines (see 
Figure 3). Example of a graph generated with ANAGEOT 
of Ar-N2/100-10He ratio for a well is shown in Figure 4.  
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Fig. 3: Graph generation liquid rate vs time for well 1A
 

Fig. 4: Chart generated with ANAGEOT of Ar
10He ratio to the well A. 

 
Using the program it can perform linear and normalized 
graphics settings, allowing to see, trends and rates of 
change in the production of the well analyzed. An 
example is shown in Figure 5, where the well 
performance is studied along time of operation. The 
representation of the results is done automatically in 
Grapher with a description of each linear fit (Figure 6) 
and a graphical representation of the calculated data with 
normalized fit as shown in Figure 7. 
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Graph generation liquid rate vs time for well 1A. 

 
Chart generated with ANAGEOT of Ar-N2 / 100-

 

Using the program it can perform linear and normalized 
graphics settings, allowing to see, trends and rates of 
change in the production of the well analyzed. An 
example is shown in Figure 5, where the well 

ed along time of operation. The 
representation of the results is done automatically in 
Grapher with a description of each linear fit (Figure 6) 
and a graphical representation of the calculated data with 

Fig. 5: Window linear and normalized fit. 
 

Fig. 6: Graphical representation of linear fit program 
using the Grapher software.

Fig.7: Graphical representation of normalized fit, 
calculated using the Grapher software.

 
Inside this module it is also possible to compare the 
enthalpy of the well, estimated by different methods, with 
the enthalpy of the total discharge, to identify reservoir 
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Window linear and normalized fit.  

 
Graphical representation of linear fit program 

using the Grapher software. 
 

 
Graphical representation of normalized fit, 

calculated using the Grapher software. 

Inside this module it is also possible to compare the 
enthalpy of the well, estimated by different methods, with 
the enthalpy of the total discharge, to identify reservoir 
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processes [1]. It can be carried out two type of analyzes; 
one that involves dividing historical data into three 
periods (three cases) and other one with all historical data 
(general case). An example of enthalpy analysis is shown, 
in Figure 8, for three time intervals using data of the well 
5. 

Fig. 8: Behavioral analysis enthalpy for three conditions 
vs time in the well 5. 

 
The global analysis module allows construct graphics 
using data from a group of wells for a given period. The 
Mexican geothermal fields classify their wells by area, 
ANAGEOT handles the same classification for the 
graphical representation global. Figure 9 shows the graph 
of chlorides in water wells separated in one area of the 
field. 

Fig. 9: Graphical representation of chlorides in the water 
separated for a group of wells.

 
Reports menu contains five modules, which generate 
documents in Word and/or Excel, it can be edited or 
perform actions allowed by the applications. With these 
modules can perform a series of calculations of a well or 
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Graphical representation of chlorides in the water 

separated for a group of wells. 

Reports menu contains five modules, which generate 
documents in Word and/or Excel, it can be edited or 
perform actions allowed by the applications. With these 
modules can perform a series of calculations of a well or 

group of wells in a given period of tim
section are:  
Through this module it can be done various reports 
related to production. The information is validated to 
confirm that it has the minimum required for reliable 
results. In case of not having the required information, a 
summary is displayed with the details of the validation. 
Examples of some reports that can be generated in this 
module are presented. In Figure 10 the fluid Report 
window with the "Report Years Effective" production for 
a group of wells is shown. Figure 11 sh
reporting total production for a group of wells that fluid 
report module generates in a Word document.
Allows make reports of change velocity of several 
parameters of a well, using linear and normalized fit [16]. 
In Figure 12 the window Reporting declines is displayed 
with changes obtained for production of liquid, steam and 
mixed with both types of analysis (linear and normalized 
fit). 
Allows make reports of injection wells, using information 
from daily injection. In Figures 13 and 14 the report 
injection window is shown with the annual average for a 
group of injection wells and their respective document 
generated in Excel.  
 

Fig.10: Window fluid report and table with years of 
actual production of a group of we
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group of wells in a given period of time. Modules in this 

Through this module it can be done various reports 
related to production. The information is validated to 
confirm that it has the minimum required for reliable 
results. In case of not having the required information, a 

mary is displayed with the details of the validation. 
Examples of some reports that can be generated in this 
module are presented. In Figure 10 the fluid Report 
window with the "Report Years Effective" production for 
a group of wells is shown. Figure 11 shows an example of 
reporting total production for a group of wells that fluid 
report module generates in a Word document. 
Allows make reports of change velocity of several 
parameters of a well, using linear and normalized fit [16].  

Reporting declines is displayed 
with changes obtained for production of liquid, steam and 
mixed with both types of analysis (linear and normalized 

Allows make reports of injection wells, using information 
. In Figures 13 and 14 the report 

injection window is shown with the annual average for a 
group of injection wells and their respective document 

 
Window fluid report and table with years of 

actual production of a group of wells. 
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Fig. 11: Example reporting total production of a group of 
wells. 

 

Fig. 12: Display reporting of decline rates of liquid, 
steam and mixture production.

 

Fig. 13: Example of an average annual report of injected 
fluid for a group of wells. 

 
These modules allow reports for wells in a period of time, 
maintaining the same characteristics of window design 
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Fig. 11: Example reporting total production of a group of 

 
Fig. 12: Display reporting of decline rates of liquid, 

steam and mixture production. 

 
Fig. 13: Example of an average annual report of injected 

 

These modules allow reports for wells in a period of time, 
maintaining the same characteristics of window design 

than those shown in Figure 13. Reports generated in 
Excel for chemical composition of liquid phase and 
steam, are similar to that shown in Figu
ANAGEOT has an online help tool, which allows to 
access in at any time when the application is active. 
 

III.  CONCLUSION
ANAGEOT is a tool developed specifically to aid in the 
study of geothermal reservoirs, aiding in the interpretation 
of the behavior of wells according to their 
thermodynamic, chemical and production conditions; 
however it is important to consider that succ
be taken in the use of this application is determined by the 
quality of the information entered in the ANAGEOT 
database. So far the tool has been successfully used in 
projects, applied in Mexican geothermal fields, 
optimizing the time consum
information. It has also opened the possibility of further 
use in future projects.  
 

Fig.14: Excel report of average annual injection of a 
group of wells.
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