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ABSTRACT 
 
Database is vital for the efficient development 
and management of geothermal resources.  The 
Philippines with an installed geothermal energy 
capacity of 1930.89 MWe and still with a great 
potential for geothermal exploration and 
development is generating an increasing volume 
of geothermal data.  A computerized geothermal 
database was designed and developed for 
storage, retrieval and manipulation of data 
collected from geothermal fields.  The database 
will be used and applied by the Philippine 
Department of Energy (DOE) in monitoring the 
performance of geothermal steam fields and 
power plants to avoid over-exploitation of the 
resource, and assure sustainable geothermal 
resource management. 
 
Well information, reservoir monitoring 
parameters, drilling information and power plant 
generation are the essential data considered for 
the database development using the Oracle 
Relational Database Management System 
(RDBMS).  Oracle Developer tools and other 
related computer softwares were also utilized to 
provide fast, simple and easy data input, editing, 
viewing, reporting and graphing. 
 
 
1.0 INTRODUCTION 
 
The Philippine Department of Energy (DOE) is a 
government agency mandated to administer 
programs for exploration, development, 
transportation, marketing and appropriate 
management of energy resources in all forms 
including geothermal energy.  It regulates and 
exercises full supervision and control over all 
government and private energy-related projects 
to ensure proper exploitation, utilization and 
sustainable development of the country’s 
indigenous resources.  The Geothermal and 
Coal Resources Development Division 

(GRCDD) of the DOE is specifically mandated to 
oversee, monitor and regulate geothermal 
operations undertaken by both private and 
government entities to ensure strict compliance 
to government policies and standards (Requejo, 
1996; Salvania, 1995). 
 
The Philippines remains to be the world's 
second largest producer of geothermal energy 
for electricity generation.  As of December 2002, 
an installed capacity of 1930.89 MWe in six 
geothermal production fields (Fig. 1) has been 
reached in 30 years of geothermal exploration, 
development and utilization.  This is only 43% of 
the 4,537.02 MWe total geothermal resource 
potential of the country.  
 
Along with development and continuous 
exploitation of geothermal resources to attain 
energy self-reliance, large volume of data on 
geothermal energy is being produced and 
accumulated.  Hence, the GRCDD of the DOE 
should develop a computerized database that 
will efficiently store, retrieve and manipulate 
geothermal information. 
 
This paper discusses the development of a 
geothermal database as a project for the UNU 
Geothermal Training Program in Iceland.  This 
database can be used as a tool by the DOE in 
monitoring and supervising the exploration and 
development of geothermal energy resources.   
Geothermal steam fields and power plant 
performance should be closely monitored to 
avoid over-exploitation of the geothermal 
resource.  
 
 
2.0 DATABASE DEVELOPMENT 
 
2.1 Data Collection 
 
To fully accomplish its mandated function, the 
DOE requires submission of report and
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Figure 1. Map of the Philippines with the location of the six geothermal production fields. 
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information in paper from geothermal steam field 
developers and power plant operators such as:  
 
• Production and injection report containing 

mass flow rate, steam flow rate, and water 
flow rate of production wells; and injection rate 
of injection wells (Fig. 2) 

 
• Report on well test activities and downhole 

measurements (pressure and temperature) 
(Fig. 3) 

 
• Report on mass and heat extraction and 

injection (Fig. 4) 
 
• Report on power output generation of 

geothermal power plants 
 
Data in these reports are evaluated, analyzed 
and used by the DOE in preparing a monitoring 
report.  The submitted reports are presently 
compiled in a manual filing system. 
 
 

 

Figure 2. Production and injection report. 
 
 

 

Figure 3. Well test activities and downhole 
measurements. 
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Figure 4. Mass heat and extraction and injection report. 
 
 

2.2 Database Design 
 
A database is a structured collection of data. 
Data in this design refer to information gathered 
from paper reports submitted to the DOE.  An 
Oracle Relational Database Management 
System (RDBMS) provides the structure and 
mechanism to process the available data.  This 
RDBMS allows access to the stored data to be 
retrieved and manipulated according to the 
specific need of users for an intended 
application (Ensor and Stevenson, 1997). 
 
The database is made up of tables.  Information 
that describes or illustrates a certain subject are 
combined and stored in a table.  Each table is 
composed of rows (horizontal) and columns 
(vertical).  Rows are made up of records 
(Ellison, 1989).  Each record contains a data 
value at the intersection of a row and a column.  
Different tables are created for various sets of 
information. Grouping of information to form a 

table is a basic requirement for RDBMS; hence, 
user needs familiarity with geothermal 
operations. 
 
2.2.1 Data Modelling 
 
Based on the DOE’s requirements in performing 
its functions, grouping of information to form 
tables was identified.  Below is brief description 
of tables that were created. 
 
Well table describes the characteristics of each 
geothermal well. It contains information about 
type of the well drilled in a specific location of a 
geothermal steam field. 
 
Field table gives information about a producing 
geothermal steam field in the Philippines.  It 
indicates location, coverage area installed 
capacity; and date when service contract was 
awarded for field development. 
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Company table gives information about the 
company that manages development of a steam 
field or operation of a power plant. 
 
Prod_Inj table stores data being monitored by 
the DOE.  These are the wellhead pressure, 
enthalpy, steam flow rate, water flow rate, mass 
flow rate, injection rate, heat extraction and heat 
injection of production and injection wells. 
 
Log table describes the logging operations in a 
well.  Type of log and tool used in the logging 
operation found this table. 
 
Tdata table stores values obtained from the log 
according to the date and time of logging was 
performed. 
 
Ddata table stores values gathered from the log 
according to the measured depths that a logging 
was performed. 
 
Drilling table provides information about a 
drilling activity and the drilling rig used.  It has 
dates when drilling started and ended, as well as 
total drilled depths.  
 
Drillact table stores information about the status 
of a drilling activity such as drilling of a new well 
or work-over on a well in a certain period and 
the drilling rig used.  This will be used for 
monitoring progress of a drilling activity 
according to the schedule of the well’s drilling 
program. 
 
Comptest table refers to results of a completion 
test conducted in a well after drilling. These are 
important data used in reservoir modeling such 
as injectivity index, maximum wellhead 
pressure, permeability-thickness and measured 
depth of circulation losses. 
 
Casing table holds the description of casings 
installed in a well.  Type of casing, cement, type 
of pipe with its diameter, connection and length 
of casing are found in this table. 
 
Rig table gives the specifications of rigs used in 
drilling a geothermal well. 
 
Powerplant table gives names of geothermal 
power plants in the Philippines with their 
installed capacity and corresponding turbine-
generator unit capacity.  
 
Plantspecs table provides information about 
WELL
Well_ID
Wellname
Welltype
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x
y
z
KOPdepth
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PROD_INJ
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Rig_ID
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COMPANY
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RIG
Rig_ID 
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TDATA
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Value

DDATA
Log_ID
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DRILLACT 
Actcode 
Well_ID 
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Figure 5. Steam field data model 

 

technical specifications of facilities of the power 
plant such as turbine, generator, condenser, 
cooling tower and pumps. 
 
Generation table keeps and stores the 
electricity generation data of each power plant.  
This table is used for the geothermal sector 
reports of the DOE. 
 
Oilprice table has the average fuel oil price per 
month needed in computation of savings derived 
from utilizing geothermal energy instead of fuel 
oil. 
 
These tables were used in the construction of 
the data models.  The purpose of data modelling 
is to develop graphical representation of the 
structure of the database design.  Two data 
models were organized:  first is the structure of a 
database for monitoring steam field performance 
which is composed of the WELL, FIELD, 
COMPANY, PROD_INJ, LOG, TDATA, DDATA, 
DRILLING, COMPTEST, CASING, and RIG 
tables (Fig. 5); while the second data model 
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2.2.3 Data Input, Loading and Manipulation 
 
Entering rows of data for the tables created were 
done in several ways. First is using the insert 
command.  The second way is using the SQL* 
Loader.  This is advisable for entering large 
volumes of data from external files in a variety of 
formats such as data in spreadsheets.  The 
SQL* Loader performs filtering by selectively 
loading records based on the data values and 
can load multiple tables simultaneously (Moran 
and Dimmick, 1987).  An example is the 
production and injection report submitted to the 
DOE which contains mass flow rate, steam flow 
rate and water flow rate of each production well, 
and injection flow rate of each injection well of a 
geothermal steam field. 
 
Likewise, the Awk programming language in the 
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Figure 6. Power plant data model 

 Unix system was also used to make loading of 

data fast and easy.  Awk makes data 
manipulation simple by scanning the input files 
and splits each input file into columns 
automatically with very short programs (Aho et 
al., 1988).  This is a convenient way of data 
input and manipulation considering that the DOE 
currently monitors six geothermal production 
fields in the Philippines. 

omprises the POWERPLANT, PLANTSPECS, 
ENERATION and OILPRICE tables (Fig. 6).  
aking two data models is necessary because 
eothermal energy development in the 
hilippines is divided into two entities, steam 

ield developers and power plant operators.  The 
ame given to each table is the main subject 
hat it pertains.  The column names given are 
pecific categories of information that the table 
ontains and records are the data relating to the 
olumn. 

 
 
3.0 DATABASE APPLICATION  
 
The primary purpose of developing this 
geothermal database is for the DOE to use it in 
monitoring the management and operation of 
geothermal fields and power plants in the 
Philippines.  The importance of database can 
only be felt and realized, if besides from storage 
and retrieval of valuable information, it can also 
be used in various applications to give meaning 
to data contained in the database.  The Oracle 
Developer softwares are powerful tools that 
provide appropriate database applications that 
users require. 

n Figures 5 and 6, table names are in bold 
apital letters, while primary key(s) are in bold 

talics.  Primary key(s) are selected to uniquely 
efine the occurrence of each record.  Choosing 
 primary key (s) is important because 
elationships in the database rely on it.  
nformation from related tables can be retrieved 
hrough the primary key(s).  It allows the user 
nd the database system to identify, locate and 
efer to one particular record in the table.  
ables that show relationship between each 
ther are connected by arrows.  

3.1 Data Forms 
 .2.2 Creation of Tables 
The Forms Builder is an Oracle Developer tool 
that enables end users to retrieve, view, enter, 
modify and save information in the database 
directly into the created on-screen forms.  
Several data forms were designed to show how 
this tool can be applied for monitoring 
geothermal steam fields and power plant 
operations.  All data forms were created through 
the Form Builder Data Block Wizard.  This 

tructured Query Language (SQL*Plus) was 
sed in the creation of tables.  It is a standard 
elational language for database access and 
anipulation.  The language consists of 

tatements or commands to insert, update, 
elete, query and protect data (Van Der Lans, 
988).   
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Figure 7. Form for the inventory of wells in a specific geothermal field 
 

wizard allows quick and easy creation of data 
blocks based on tables, views or a set of stored 
procedures (Chu and Lim, 1994).  The three 
essential parts of the Forms Builder are the 
following: 
 
• Layout Editor shows the on-screen view of the 

design form, 
 
• Object Navigator describes the content of the 

design form such as data blocks, items and 
triggers, etc., and  

 
• Property Palette makes adjustments or 

changes in the physical properties of the 
design form. 

 
A data form for the inventory of wells in a 
specific geothermal steam field (Fig. 7) is 
composed of three data blocks from FIELD, 
COMPANY and WELL tables.  Relationships 
among these data blocks were created based on 
join conditions.  Similar columns from different 
tables satisfy the join condition.  Usually, the 
primary key(s) of the tables (Figs. 5 and 6) are 
chosen for the join condition.  The form for the 
inventory of wells can be used to view all the 

wells drilled in a selected geothermal steam field 
with their corresponding location in the field.  
Additional wells that will be drilled can be 
entered into the form directly simply by typing 
the necessary information on the empty box 
after the last record. 
 
A data form for the production and injection rate 
of each well in a specific geothermal field is 
shown in Figure 8.  The design of this form is 
composed of FIELD, WELL and PROD_INJ 
tables that enable the user or viewer to easily 
compare the performance of a well in each 
month.  This is a good application of the 
database for monitoring the steam field 
performance by comparing sudden changes or 
large differences in the well’s production or 
injection rates.  Input of new record for 
succeeding months can be done on the next 
empty record. 
 
A log information and log result conducted in a 
well is shown in data form (Fig. 9).  Data blocks 
are composed of the FIELD, WELL, LOG, 
TDATA and DDATA tables.  Data from this form 
will be used in plotting temperature and pressure 
profiles of wells with respect to time or depth. 
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Figure 8. Form for the production and injection rate of each well 

Figure 9. Form for the log information and log result conducted in a well 



Fronda 
 

 
 

 

Figure 
informat
well.  Th
FIELD, W
will be 
drilling 
program
 
Data on
plants is
Compris
POWER
tables.  
picture o
every m
plant pe
generati
noted by
for such
 
The cap
computa
The firs
GENER
generati
new dat
the sum
Figure 10. Form for drilling information and status of drilling activity in a well 
10 shows a data form for drilling 
ion and status of drilling activity in a 
e design of this form which includes the 

ELL, DRILLING and DRILLACT tables 
used for monitoring the progress of a 
activity as compared with the drilling 
. 

 power generation of geothermal power 
 shown on the data form Figure 11.  
ing the form are data blocks from 
PLANT, COMPANY and GENERATION 
The design of the form provides a clear 
f each power plant’s output generation 
onth, for easy monitoring of the power 
rformance.  A large decrease in power 
on in a certain month can be easily 
 the DOE who should determine causes 

 power output changes. 

ability of utilizing the form for simple 
tions is also illustrated in Figure 11.  
t data block that comes from the 

ATION table shows the monthly 
on of a selected power plant.  Then, a 
a block was created for computation of 
 of the generation through a post-query 

trigger using a PL/SQL command.  On the other 
hand, the third data block shows the sum of the 
generation of certain power plants in chosen 
years.  It was created from ALL_GENERATION 
view having the columns Plant_ID, Plantname, 
Year and Sum.  This form is designed to easily 
view and compare the generation of a power 
plant in two succeeding years.  Performance of 
power plants can therefore be quickly assessed 
by the DOE. 
 
The data forms presented are only some of the 
illustrations on how this tool can be applied in 
monitoring performance of geothermal steam 
fields and power plants in the Philippines.  
These forms still need to be further evaluated for 
necessary improvements. 
 
3.2 Report Layout 
 
Organizing reports on situation of the Philippine 
geothermal sector is one of the main tasks of the 
DOE.  A sample report layout was constructed 
using the Oracle Developer Report Builder 
software.  This is a database application tool for 
building standard and customized reports from a 
simple tabular to complex matrix report styles 
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forms. 

ort “Philippine geothermal power plants 
s” presented in Figure 12 was created 
e Report Wizard of the Report Builder.  
ard follows a systematic procedure but 
 knowledge of the SQL commands.  
ents or changes of the design report are 
e in the Report Editor, Object Navigator 
perty Palette of the Report Builder.  The 
 of the said report are chosen from 
NERATION view.  The format of the 
ives the electricity generation of power 
with their corresponding computed 
n factor as compared with previous 
erformance.  Low generation which is 
 low utilization factor usually indicates 
s in power plant facilities. 

phical Output 

al output is the third application of the 
al database.  For monitoring steam 

ellhead pressure, enthalpy and mass 
e of individual wells are some of the 
ers being determined.  Graphing will 

provide information on well performance such as 
decline in steam production which may require 
improving the well.  The graphs are created in 
two command files, SQL commands and 
Gnuplot commands.  The SQL commands 
import data from the database, and Gnuplot 
commands draw data into X-Y graph (Williams 
and Kelley, 1993). 
 
The graph of mass flow rate with time (Fig. 13) 
of a well has a constant production rate, but 
might demonstrate decline in the future due to 
mineral deposition.  Graph of wellhead pressure 
with time (Fig. 14) is also used to accompany 
evaluation of well performance. A drop in 
wellhead pressure at the same wellhead 
opening may be due to well blockages.  To 
remove well blockages, work-over of wells are 
conducted which may include mechanical drilling 
out of blockages and/or acidizing operations. 
 
In Figure 15, a graph of enthalpy with time is 
another method of monitoring a well’s 
production.  Increase in discharge enthalpy        
with a decrease in mass flow but without  
change in steam flow (Fig. 16) is possibly 
caused by reservoir pressure drawdown.  On the
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Figure 12. Report on the Philippine geothermal power plants highlights 

Figure 13. Graph of mass flow rate with time 
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Figure 14. Graph of wellhead pressure with time 

Figure 15. Graph of enthalpy with time
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other hand, decline in enthalpy is likely 
associated with reservoir cooling induced by 
inflow of natural recharge or injection returns 
(Sarmiento, 2000).  Assessment of production 
and injection strategies should be done to 
addressed these reservoir changes.  Steam field 
developers need to inform the DOE about the 
results of these geothermal resource 
assessments. 
 
 
4.0 SUMMARY 
 
For 30 years, geothermal energy development in 
the Philippines has grown.  The Philippine 
Department of Energy (DOE) being the 
government agency mandated to supervise and 
regulate geothermal operations recognizes that 
development and application of a computerized 
database is an important tool for monitoring 
management strategies of geothermal steam 
fields and power plants in the country. 
 
A database structure was developed and 
processed using the Oracle Relational Database 
Management System (RDBMS).  Two data 
models designed are the steam field and the 
power plant data models.  The steam field model 

is composed of tables that store and provide 
data about physical characteristics of wells, 
drilling information and reservoir monitoring 
parameters.  The power plant data model, on 
the other hand, consists of tables that handle 
and provide information about specifications and 
power generation of power plants.  Data from 
paper reports were entered into tables of the 
database using the SQL*Loader software.  Test 
runs were conducted to check design of the 
database according to the objectives.  The 
capability of the database was integrated to 
create data forms, report layouts and graphical 
outputs using Oracle Developer Forms, Reports 
Builder and Gnuplot softwares.  As a result, the 
database developed can be readily implemented 
and applied by the DOE as a tool for monitoring 
the performance of steam fields and power 
plants in the Philippines.  

 
 

Figure 16. Graph of steam flow rate with time 
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