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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. Smilarly 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.
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l. INTRODUCTION

The analysis of chemical and production data ofwh#s

is a task of great importance for the exploitatioh
geothermal reservoirs, allowing identify the main
reservoir processes induced by extraction and esént
reinjection of fluid [1, 2]. The study of the behavior
patterns of different geochemical parameters [3]
(temperature estimations, vapor fraction of theemesir,
volumetric liquid saturation, etc.) and productigh 5]
(flow rate, pressure, enthalpy and bottom cond#jois
useful in reservoir characterization [6, 7], thalssis of
the parameters as function of time and its comparis
with  characteristic patterns [8], helps prevent
contingencies that could affect field operationsd an
impact on economic, and/or energy resource damages
losses to the environment [9]. The ANAGEOT
(Geothermal Analysis) program was developed inotae
facilitate analysis of information related to preses of
geothermal systems [10]. ]. It allows part of audded
processing, which involves the application of
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geochemical models and other disciplines so frigaaid
simple, thus optimizing time and resources in its
realization. Furthermore, the system provides imggtion

in graphs and tables that can be integrated tereifit
final reports. This paper describes this tool aoohes of
the most representative applications. The tool thean
developed and applied in different Mexican geotla@rm
fields [6, 11]. The ANAGEOT program has shown tosbe
useful tool in processing the information, reviews,
possible changes for updating, analysis and irgéaipon.
The practical application of ANAGEOT is linked thet
nature of the projects and the growth [12, 13] S@he
geothermal fields have had in recent years.

Il. ANAGEOT DESCRIPTION
ANAGEOT is a tool based on client-server architeztu
(Figure 1), is constructed in the programming laggi
Visual Basic 6 and as manager database My SQL Gerve
(database management system relational data type).
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 reparts
ANAGEOT is a multidisciplinary and interactive tool
effective for integration and support the study and
analysis of the behavior of geothermal reservdidy.[It
provides graphical and tabular representation vtrsd
calculations needed for the study, analysis anitiefit
interpretation of information of different geotheaim
fields.
2.1. Advantages of having ANAGEOT
The advantage of having this tool lies in disposing
important information quickly and easily, which gtly
contributes to saving time for review and procegsis
well as generating charts and reports. In this way
efforts are being directed to the analysis andpmétation
of the results, additionally that it enables touesl costs,
by the participation of staff directly involved ithese
activities. The program also helps to reduce amyent
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, adat
previously reviewed and classified by theme, whach
incorporated into the database of the field to Whitey
relate. Each database is identified by the nam¢hef
geothermal field, and there are databases, acgpitdin
incorporated geothermal fields. This informatiorsisred
in a relational database model, consisting of a&tbles
and views. Views are virtual tables whose contemes
defined by the query of one or more real tablescvin
turn can also be treated as a real table.
The tables in the database are comprised of thawioig
groups of data:
» Production Data: Enthalpies, pressures, flow rate
of liquid, steam and mixture.
» Isotopic data (oxygen-18 and deuterium
e Chemical data: Liquid phase and gaseous phase.
« Daily injection data
2.3 ANAGEOT modules
Upon entering the application, a welcome screern tha
provides a brief description of their functionalifiyigure
2) it is shown. Subsequently enters a window dispta
geothermal fields, whereby it is possible to sefemtn a
list of elements, the field in which user wantsvork.
The main menu consists of several modules, whiake ha
generally the functionality to perform these cadtians:
e Chemical composition of total discharges
e Production of steam and liquid
e 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
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enthalpy of Si@ 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 gooap

of wells and can be represented graphically. Graphi
package that is used is Golden Grapher V. 8 whiak w
applied to the case studies described here. Anathgiof
presenting the results is by generating reports tex
documents and spreadsheets (Microsoft Word andlExce
respectively. The software can be considered for
widespread use; additionally the recent files gateer can

be taken as source documents for other applications

AnaGeot

Analysis of data, liquid gss
and thammodynamics geothermal fields

S

Continue Exit

Fig. 2: Welcome screen of ANAGEOT.

This menu has a catalog of wells, chemical liquadad
and chemical gaseous data where it is possible to
introduce, edit or delete information from the puoihg
and/or injector wells. It also contains a selectic@ndow

of geothermal field so that it can change to déferfields

at any time.

Graphic section consists of two modules, for a
comprehensive and individual analysis. In these utes]

for generating graphs, automatically it opens the
application to Golden Grapher. With this softwarean
edit or perform any of the actions that the progediows

on the generated graph.

It consists of an assistant that allows the usg@etform a
series of graphs and analysis of a well. It capdited the
visual characteristics of both symbols and linese(s
Figure 3). Example of a graph generated with ANAGEO
of Ar-N2/100-10He ratio for a well is shown in Figu4.
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Fig. 3: Graph generation liquid rate vs time for well 1A.

N2/M00

10He

Fig. 4: Chart generated with ANAGEOT of Ar-N2 / 100-
10He ratio to the well A.

Using the program it can perform linear and norpesl
graphics settings, allowing to see, trends andsratk
change in the production of the well analyzed.
example is shown in Figure 5, where the v
performance is studd along time of operation. Tl
representation of the results is done automaticall
Grapher with a description of each linear fit (Figb)
and a graphical representation of the calculated wih
normalized fit as shown in Figure 7.
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Fig. 6: Graphical representation of linear fit program

using the Grapher software.

L L —- =T

B Bme [ wiew Dowe preepe Gown [esh iesdew  Hew
DS WA R & Gl o FP.(we #ime  m|E @ #¥ 8 = =
(e s PSSR OES ML MO RAL P, S HSE e RIET
| Pl | et | P ¢ | Mot * | ot | EIOE]
A 1 A 1 | L T ¥ 1 1 1 1 T BA Teal
- 2| l= o cen
& Bt G
~I A B vami
+2 = B B
o] E 5 B Goghl
(=] " Bl Cued
E - b @] ram)
o4 s 1 T i 1 2= A
e B "
L=l Tl i‘ 3 1 | |
a -
4 | | |
T Freprtn - metheg x]
* b = o
LY i o ' L) L] L L] I a L a L l L Ll L) Ll I
[ R Lo D e
5 2000 s 0% s
1 . } )
— IE L] . ‘
=
i oz | |
: . | L L L L |
L e e ™ E
s Jil| _-lJ P fatolpedete oo
AN cen el = TG my w8

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

Inside this module it is also possible to compédre
enthalpy of the well, estimated by different methodith
the enthalpy of the total discharge, to identifgamoir
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processes [1]. It can be carried out two type aflyaes;
one that involves dividigp historical data into thre
periods (three cases) and other one with all histbdata
(general case). An example of enthalpy analyssh@wvn,
in Figure 8, for three time intervals using datétef well
5.
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Fig. 8: Behavioral analysis enthalpy for three conditions
vstimein the well 5.

The global analysis module allows construct grap
using data from a group of wells for a given peridte
Mexican geothermal fields classify their wells byea
ANAGEOT handles the same classification for
graphical representation global. Figure 9 showsgttagh
of chlorides in water wells separated in one arethe
field.
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Fig. 9: Graphical representation of chloridesin the water
separated for a group of wells.

Reports menu contains five modules, which gene
documents in Word and/or Excel, it can be edite(
perform actions allowed by the applications. Witlese
modules can perform a series of calculations ofd or
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group of wells in a given period of te. Modules in this
section are:

Through this module it can be done various ref
related to production. The information is validatex
confirm that it has the minimum required for rela
results. In case of not having the required infdiom a
summary is displayed with the details of the validati
Examples of some reports that can be generatetisi
module are presented. In Figure 10 the fluid Re
window with the "Report Years Effective" productitor
a group of wells is shown. Figure 1lows an example of
reporting total production for a group of wells tttiaid
report module generates in a Word docun

Allows make reports of change velocity of sew
parameters of a well, using linear and normalizefd 6].
In Figure 12 the windoviReporting declines is display:
with changes obtained for production of liquid,asteand
mixed with both types of analysis (linear and ndineal
fit).

Allows make reports of injection wells, using infaation
from daily injection In Figures 13 and 14 the rep
injection window is shown with the annual averaged
group of injection wells and their respective doeumt
generated in Excel.
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Fig.10: 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.
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Fig. 12: Display reporting of decline rates of liquid,
steam and mixture production.
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Fig. 13: Example of an average annual report of injected
fluid for a group of wells.

These modules allow reports for wells in a peribtiroe,
maintaining the same characteristics of window gte
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than those shown in Figure 13. Reports generate
Excel for chemical composition of liquid phase :
steam, are similar to that shown in Fre 14.

ANAGEOT has an online help tool, which allows
access in at any time when the application is ac

M. CONCLUSION

ANAGEOT is a tool developed specifically to aidthe
study of geothermal reservoirs, aiding in the iptetation
of the behavior of wells according to th
thermodynamic, chemical and production conditic
however it is important to consider that sess largely to
be taken in the use of this application is deteedliby the
quality of the information entered in the ANAGE(
database. So far the tool has been successfully ins
projects, applied in Mexican geothermal fiel
optimizing the time consuption in processing
information. It has also opened the possibilityfuftther
use in future projects.
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Fig.14: Excel report of average annual injection of a
group of wells.

V. ACKNOWLEDGEMENTS
The program was developed under project-14432:
“Mejoras e implementacion de nuevas funcionalidaals
sistema auxiliar en el analisis e interpretacionddéos
quimicos isotopicos y de produccion de pozos y c&
geotérmicos”, with support of Geotheal Department, of
Electrical Research Institute of Méxic
| greatly appreciate the IIE and I. Victor Arellano
GoémeZ for their invaluable support during ti
development of the project; and the participatidrihe
coauthors, especially Dr. Alfonsoragon for his advice
and encouragement.

Page | 165



International Journal of Advanced Engineering Research and Science (1JAERS)

Vol-3, | ssue-6, June- 2016
I SSN: 2349-6495

REFERENCES

[1] A. H. Truesdell, “Effects of physical processes on
geothermal fluids”, In Application of geochemistry
in geothermal reservoir development, F. D’Amore,
ed. UNITAR/UNDP Centre on small energy
resources, Rome, 1991, pp. 71-92.

[2] S. Arnérsson, and F. D’Amore, “Monitoring of
reservoir response to production. In; (Arnérsson S.
ed.) Isotopic and chemical tehniques in geothermal
exploration, development and use, International
Atomic Energy Agency”, Vienna, 2000, pp. 309-
351.

[3] V. M. Arellano, M. A. Torres, R. M. Barragan, F.
Sandoval and F. Lozada, “Chemical, Isotopic and
Production Well Data Analysis for the Los Azufres
(Mexico) Geothermal Field”, Geothermal Resources
Council Transactions, vol. 27, pp. 275-279, 2003.

[4] V. M. Arellano, M. A. Torres, and R. M. Barragan,
“Thermodynamic Evolution of the Los Azufres,
Mexico, Geothermal Reservoir from 1982 to 2002”.
Geothermics, vol. .34, pp. 592-616, 2005.

[5] V. M. Arellano, R. M. Barragan, A. Aragén, M. H.
Rodriguez, and A. Pérez, “The Cerro Prieto IV
(Mexico) geothermal reservoir: Pre-exploitation
thermodynamic conditions and main processes
related to exploitation (2000-2005)”. Geothermics,
40 (3), pp. 190-198, 2011.

[6] V. M. Arellano, R. M. Barragan, S. Lépez, A.
Paredes, and A. Aragon, “Respuesta del Yacimiento
de Los Azufres a la Explotacion 2003-2011".
Informe, [IE/11/14283/02F, Instituto de
Investigaciones Eléctricas para la Comision Federal
de Electricidad, Cuernavaca, Morelos, México,
2012, 303 p.

[71 R. M. Barragan, V. M. Arellano, E. Portugal, and F.
Sandoval, “Isotopic § *°0, & D) patterns in Los
Azufres (Mexico) geothermal fluids related to
reservoir exploitation”. Geothermics, 34, pp. 527-
547, 2005.

[8] R. M. Barragan, V. M. Arellano, |I. Martinez, A.
Aragén, L. Reyes, and R. Gonzélez, “Patrones de
comportamiento de especies quimicas e isotopicas
(2006-2007) en el campo geotérmico de Los
Azufres, Mich., en respuesta a la reinyeccion”.
Geotermia, 22 (2), pp- 19-27, 2009..

[9] A. H. Truesdell, M. J. LippmannM, J. L. Quijano,
and F. D’Amore, “Chemical and physical indicators
of reservoir processes in exploited high-tempeegtur
liquid-dominated geothermal fields”. Proc. World
Geothermal Congress, Florence Italy, 1995, pp.
1933-1938.

[L0]V.M. Arellano, R. M. Barragan, S. Lépez, A.
Paredes, and A. Aragon, “Respuesta del Yacimiento

www.ijaers.com

de Los Humeros a la Explotacién 2007-2012".
Informe, [IE/11/14531/02F, Instituto de
Investigaciones Eléctricas para la Comision Federal
de Electricidad, Cuernavaca, Morelos, México,
2013a, 229p.

[11]V. M. Arellano, R. M. Barragan, S. Lopez, A.
Paredes, and A. Aragdn, “Respuesta del yacimiento
de Las Tres Virgenes a la explotacién 2007-2012".
Informe final 11E/11/14530/I 01/F para la Comision
Federal de Electricidad, México, 2013b, 78 p.

[12]J. W. Lund, and H. F. Derek, “World-wide direct
uses of geothermal energy 2000”, Geothermics, 30
(1), pp. 29-68, 2001.

[13]B. Matek, “2016 Annual U. S. & Global Geothermal
Power Production Report, Geothermal Energy
Association”, Washington D.C. U.S.A., 2016. 36 p.

[14]Y. He , G. Wang, W. Lin, and W. Zhang, "The
Analysis of Heat Storage Capacity and the
Formation Characteristics of Geothermal Resources
in Sedimentary Basins — A Case Study on
Dunhuang Basin”, The Open Fuels & Energy
Science Journal, 8, pp. 73-76, 2015.

[15]S. Mohan, and N. Ramsundram, “Predictive
Temporal Data-Mining Approach for Evolving
Knowledge Based Reservoir Operation Rules”,
Water Resources Management, 30, pp. 1-16, 2016.

[16]S. K. Sanyal, A. J. Menzies, P. J. Brown, K. L.
Enedy, and S. Enedy, “A systematic approach to
decline curve analysis for the Geysers steam field,
California”, Geothermal Resources Council,
Transactions, 13, pp. 415-421, 1989.

Page | 166



