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ABSTRACT

GeTools is a user-friendly software package which consists
of four tool boxes, namely (1) drilling toolbox, (2) reservoir
engineering toolbox, (3) production engineering toolbox
and (4) fluid properties and geochemistry toolbox. It was
developed to help the engineers involved in geothermal
field development to conduct various calculations and
analyses, to answer questions about the wells, the reservoir
and the steam field such as well traectory, reservoir
electricity potential, reservoir characteristic as estimated
using geostatistical methods, well output, decline curves,
future production and saturation index.

1. INTRODUCTION

Various geothermal software has been developed to provide
tools for engineers to answer questions about the wells, the
reservoir and the steam field. They are, among others
GDManager (Barnett et a., 1987; Anderson et a., 1992),
WELLSIM (GENZL and Univ. of Auckland, 1991),
MULKOM and TOUGH2 (Pruess 1983, 1987, 1988 and
1991), GEOTRANS (Garcia et a., 2000), the BDGEO
Software Package (Iglesias et al, 2000).

In 1988-1989, the first author of this paper developed a
software, namely GPE  (Geothermal  Production
Engineering), to provide tools for (i) the calculation of
output from geothermal wells, using data obtained from lip
pressure (vertical and horizontal discharge), calorimeter and
separator tests, (ii) the calculation of pressure drop in
geothermal wells, water-steam lines and steam transmission
lines, (iii) the prediction of the behaviour of geothermal
wells, and (iv) the prediction of temperature distribution in
soil heated by geothermal fluid (soil heating). In 1997 we
modified this software in order to make it more user
friendly and to upgrade its capability. The modified
software is called GES, which stands for Geothermal
Engineering Software. Additional modules facilitate the
calculation of geothermal reserve potential, the analysis of
data resulting from transient tests (pressure build-up,
pressure draw down) and the calculation of power output
and steam consumption.

In early 2000 we developed an Integrated Reservoir
Information System (IRIS) for the Kamojang geothermal
field (PERTAMINA), under a contract between Institut
Teknologi Bandung (ITB) and PERTAMINA. To help the
engineers work more effectively and efficiently in
conducting various analyses, a number of independent
application modules were installed and called GeTools,
which stands for Geothermal Engineering Tools. It consists
of four tool boxes: (1) drilling toolbox, (2) reservoir
engineering toolbox, (3) production engineering toolbox
and (4) fluid properties and geochemistry toolbox. The
drilling toolbox alows the user to calculate and visualize

well trajectory based on drilling survey data. The Reservoir
Engineering toolbox alows the user to compute reservoir
reserves and reservoir characteristics using geostatistics
tools. The Production Engineering toolbox can be used to
caculate choke diameter, to caculate flow rate from
measurements through orifice plate, to design orifice
diameter, to calculate production test using lip pressure
method, to simulate well output with different bore
diameter, to construct well output curve based on
production test using back pressure method, to analyze
production decline and to forecast future production using
interactive decline curve analysis. The Fluid Properties and
Geochemistry toolbox allows the user to calculate fluid
thermodynamic properties and saturation index.

GeTools was developed using Delphi 5, with Interbase 6 as
database engine; in the operationd system of Microsoft
Windows.

2. PROGRAM DESCRIPTION

2.1. Drilling Toolbox

Information obtained during drilling should be analyzed to
extract valuable information about the subsurface system.
The main virtues of the drilling toolbox at present allow the
user to caculate and visualize well trajectory based on
drilling survey data. Drilling surveys are normally run to
monitor the well progress while drilling. Survey data
provide a pictorial image of the path of the well and the
data are normally plotted on the same graph as that of the
planned course. If the well is found to deviate from its
planned direction, correction measures can be taken to
bring the well back to the required direction.

There are various methods for determining the well
geometry from the measured survey data. They are (1)
tangential method; (2) balanced tangentia method; (3)
angle averaging method; (4) radius of curvature method; (5)
minimum curvature method. The minimum curvature
method is one of the most accurate calculation methods. All
these methods were reviewed by Rabia (1985).

Relevant data required include: inclination angle, I,
azimuth, A, and measured hole Depth, MD. Theintention is
to caculate the hole True Vertical Depth (TVD), the
horizontal displacement or departures of the new hole
position.

The Well Trgectory toolbox in GeTools was devel oped
using the minimum curvature method. It relies on the
principle of minimising the total curvature within the
physical constraints of the well bore. The equations are
similar to those of the balanced tangential method, except
that the survey data are multiplied by a ratio factor, RF, to
produce the required smoothing effect.

The Well Trajectory toolbox in GeTools offers visualisation
of well trgjectory in 2D and 3D (Fig. 1 and 2).
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Figure 1: Figure 1: 3D Visualisation of Well Trajectory.
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Figure 3: Reserve Estimation using Volumetric M ethod and Monte Carlo Simulation.

2.2 Reservoir Engineering Toolbox

The Reservoir Engineering Toolbox alows the user to
compute reservoir reserves and reservoir characteristics
using geostatistical tools.

2.2.1 Reserve Module

The reserve module alows the user to determine reserve
and electricity potentia of the reservoir using (1)
volumetric method as outlined by O’ Sullivan (1986) and (2)
material and energy balance method as outlined by Brigham
and Morrow (1977).

2.2.1.1 Volumetric Method

Based upon the values of reservoir area, reservoir
temperature, thickness, porosity, water saturation, rock
properties and some other parameters, such as recovery
factor and electrical conversion factor, resource data
program will calculate the resources and the reserve size
and aso its capacity to generate electricity using a method
outlined by O’ Sullivan and Mc Kibbin (1986).

For reserve calculation using the volumetric method, the
user can enter a fixed value for each reservoir parameter,
which is accepted by al parties, or if there is considerable
debate regarding their values, the user can use Monte Carlo
Simulation to find the most probable vaue of the reserves.
If the latter option is chosen, the user should enter
minimum and maximum values for each variable, and also

the most likely value (optional). Based on the distribution
curves, the program will generate random numbers to
determine a distribution curve of the reserves and the most
probable value of the reserves (Fig. 3).

2.2.1.2 Material And Energy Balance Method

For steam-dominated reservoirs, reserves may be calculated
using the method of Brigham and Morrow (1977) who
looked at three systems:

1. A system completely filled with steam but no
water present,

2. A system where there is water on the bottom and
steam at the top. As steam is produced, some of
the water will boil and the liquid level will drop
with production (Falling Liquid Level),

3. A system where there is also water on the bottom
and steam at the top, but it is assumed that the
liquid boils throughout the liquid system and that
the liquid level will not drop (Constant Liquid
Level).

The results of calculation are presented in a graphical
format showing the pressure decline with production,
together with an estimation of the remaining steam in the
reservoir at abandonment pressure and the remaining
production time (Figs. 4 and 5).
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Figure 4: Reserve Estimation using Brigham and Morrow Method for Falling Liquid Level.
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Figure 7: Output from Geostatistics Tool.

2.2.2 Reservoir Characterization using Geostatistics Tool

Reservoir characteristics such as porosity, permesbility,
thickness, water saturation, pressure and temperature are
available only in well locations. For a proper reservoir
description, we need to predict the variation in these
reservoir properties as a function of spatial locations. The

more data that are available, the better will be the reservoir
description.

Many methods are available to estimate the correlation for
unsampled locations. GeTools uses geostatistical methods
where the relation between parameters is not only a
function of distance but also entails modelling the relation
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between parameters and among parameters with distance.
Application of geostatistics requires a three step procedure.
These steps are the assumption of stationarity, the spatia
modeling of sample data and the estimation of a variable
value at the unsampled location.

Figs. 6 and 7 show the output from the Geostatistics
Toolbox.

2.3 Production Engineering Toolbox
Production Engineering Toolbox consists of four modules:

1. Orifice Plate and Venturi Tubes Module
2. Lip Pressure and Choke Diameter Module
3. Wadlbore Simulation Module

4. Decline Curve Analysis

2.3.1 Orifice Plate and Venturi Tubes Module

Orifice Plate Module allow user to determine water and
steam flowrate from the result of measurements using an
orifice plate. The mass flow rate through the orifice plate is
calculated from measurements of the difference between
the pressure on the wall of the pipe at specified distance
upstream and downstream of the obstruction.

4 Geothermal Engineering Tools
File  Modul ‘window Help
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Production Test » Orifice

This module was developed using methods for the
measurement of fluid flow in pipes through orifice plates,
nozzles and venturi tubes outlined by British Standards
Ingtitution (B.S. 1042: Part 1, 1964). At present this module
offers calculations for orifice plate with radius tappings,
flange tappings, corner tappings and for venturi tubes.
Relevant data required include:

1. Date and time of measurements

2. Well Head Pressure (WHP)

3. Upstream Pressure (Pu)

4. Pressure difference (AP) a upstream and
downstream

5. Upstream Temperature (Tu)
6. Diameter of Orifice Plates (d)
7. Pipediameter at upstream (D)
8. Type of tappings

9. Typeof materia

Figs. 8 and 9 show output from the orifice plate module in
tabular and graphic formats.
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Figure 8: Output from Orifice Plate Module in Tabular Format.
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For design purposes, this module provides a program to
determine the diameter of orifice plates.

2.3.2 Lip Pressure and Choke Diameter Module

The Lip Pressure module allows users to calculate mass
flow rates of water and steam from measurements using lip
pressure method outlined by James (1986). It offers a graph
of output/production curve that shows relationship between
wellhead pressure and mass flow rate, enthalpy and
dryness.

The Choke diameter module allows user to calculate choke
diameter from data obtained during a production test (Fig.
10). Relevant data required include mass flow rate, fluid
enthalpy, cross section area of lip pipe, lip pressure and
upstream pressure.

Choke
Elewasi I-I 500 m
‘whell head pressure 125 torhour
Flow rate I‘I 343 kglecmZz

Pipe diameter |24.2925 &

Enthalpy [optional] [2730

Choke diameter: |1 04.87 oo

i Calculatel 3

& Close |

Figure 10: Output from Choke Diameter M odule.

2.3.3 Wellbore Simulation Module

The inflow performance of a well represents the ability of
the well to produce the fluids. Because of high temperatures
encountered in geothermal wells, pressures are usualy
measured at the wellhead. It is possible to measure the
temperature and pressure in the well, but measurements are
usualy carried out when the well is shut in. Measurements
are difficult when the fluid is flowing at high rates. The
ability of a well to produce fluids depends, among other
parameters, on the reservoir pressure and the rock
permeability.

The Wellbore simulation module is designed to provide
tools for predicting the performance of geothermal wells.
The concept of simulation is the same as that outlined in
Hadgu (1989), Gunn and Freeston (1991) and Soendaroe
(1997). If the wellhead condition or the bottom hole
condition is given, users can predict changes in condition
with depth and if a series of runs are made for different
wellhead conditions or bottomhole conditions (different
production rates) an output/production curve, showing mass
flow rate at various well head pressure, can be produced.

Figs. 11 and 12 show the input data and output of the
Weéllbore Simulation Module.



Saptadii et al.

. Geothermal Engineering Tools H=EE
File  Modul ‘window Help

“MainMenu O ﬁ;n|§@. x|

Input Easingl Input *Well Trajectory  Input M and WHP | Output [chart]l Olutput [text]l

Fow Count |5 Get Data from Production Test Module |
v wWHP Elevasi I‘IEDD
M vs YWHF
75 T Enthaply |2SEID
i l l
@ I I
a8 10 ! ! ! Temp. &verage IWU
I e ToTooo- TTTToo
&l I E :O E Reservoar Pressure I34
73 205 B0f---r----- e .
I I I Erman |1E-5
56 245 sl L P P
= 0 : o
of b
i i i
G e SRR
B0} ---r------ pe====s pees===
i i i
- - - =
10 15 20
. WWHP
| D |

YSheetl /

Figure11: Input Data for Wellbore Simulation.

#[iae. Comlation Tast Production Trseiemt Test Sctheraal T, Ueilitlen Geochemlstry Presswre Doy 7] : =

Input Casing | Input Well Trajectory | Input M and WHP | Qutput [char] ] Output (test) |

Top to Bottom Method |Qusdiatic v o |03m3 g j0os07
PWF | Pressure Dist | Eastongisli Db ssivge i e Bottom to Top |

Ouiput WHP | Fressure Dist. |
= Input
M vs WHP & Output

—

e

M ws PE

&
o

0 2 & 6 & 10 12 14 16 18 30 22 24 26 26 30 32 34
WHP

Sheetl/

Memol

|Cs\Program Files|IRTS\temp GE with DBYF10,GET

Figure 12: The Results of Wellbore Simulation.



alculation - D:AX-

eshsaml.Dec,

amp

Saptadii et al.

Input

” Decline H Eack Pressure H Output Table

Decline Equalinn|74 023 * exp(-0.002 * ] . Exponential

|| of 000242 FaraA ity

Decline

i 74.02335| Faadr

ol

M (Tonm)

] T0ABT2T | Tty

Chart Range

bin 23.67366

Mant A0

Data Range

i b 29.67366

¥ & MHNomal
v
v

m Used M Normal

» Decline

=

150

200
WHP (KSC)

230

i) 400

Figure 13: Output from Decline Curve Analysis M odule.

Initial Data
Ha5 coz CH4
G/S FT HSH [
% Mole Mol in Steam % Mole ol in Steam % Mole kol in Steam
813 0.0002104 5.8 0.00222042 018 000000466 28879 1320619572 -7.05978373 010046387 307 7H
6.33 0.00030525 &r.08 0.00413526 04 0.00001923 48223 1267395386 -6.791G7363 013061523 307.8 3343
BE7 0.00015283 BE.7 000294353 026 0.00000885 34020 127EE32863 732120485 0716363629 2847 1973
4.84 0.00015573 76.99 0.00247715 013 0.00000418 32175 1298190336 748431021 015185547 2799 1976
5.4 0.0007904 8814 0.00287363 021 000000665 J2603 1339252234 75712028 009228516 233 3843
572 0.0007E?S 8823 0.00272701 03 0.000003958 30908 1374187113 720856832 00723877 2995 4576
736 0.0002269 er.03 0.00268305 043 0.0000142 0829 1299090993 -6.E7015435 0.04821777 311.4 E158
455 000016523 7221 0.00268672 019 0.00000707 7207 1405029193 -7.15655847 0.05525785 3026 538
1 000025683 8763 0.00284721 016 00000052 32469 1306047616 -B.B2373FFE 003936523 3096 4152
813 0.00022105 ar.a? 0.0022891 018 0.00000408 271849 1251629044 689551423 0.07183341 309.4 5018
73 0.00017475 86.97 0.00208183 0.44 0.00001053 23338 1421669092 714461645 (0.0480957 3034 57.82
b7 000013532 8691 0.00206324 033 0.00000783 23740 1438463867 -7 404EEDZG 004307227 2953 6371
E.03 0.00015062 a7.3 0.00218087 032 0.00000733 24979 14261259709 7259203313 0.08030332 2587 5412
5.65 0.00014222 8997 0.00226463 038 000000356 25171 1419662059 -7.39842013 00567627 2551 43952
5.83 0.00ma517 86.55 0.00138624 037 0.00000843 22949 1430809225 743734838 0.05328369 2843 5077
%] mE
Sample [Charl] (Y12 Result [Chart) (299
<3 30 E & o Feo
R U— 1+ o i o9
14 305 o g £55
] 1 o 3
124 A tof o + Esn
134 £ 3004 + 4 + 3
144 5 ] % B =~ .t
143 2 2057 °§ %_ o, toto 2
-1 5— ;3, o @ & @ A @ i
ELE i 200 & oo+ F3
£ o7 - ¢ * £%
484 ] o E
182 2857 4 fas
K ] 3
04 W e —— —— —— 2
R 0 500 1 A0 1,500 2,000
224
-2I¥=
=00 W + TReservoir 81 W < SW A4 ] T Reservoir A-2
ygsﬂ_:IH [T o Swa-2 [T + TReservoirB-1 [ < SWB-1
’ [ + TReservoir B2 [~ o SWB-2 [~ + TReservoir -1
L Sl [ 4 TReservoirC2 [ SV i

Figure 14: Prediction of Steam Fraction and Reservoir Tempeartur e from Gas Compostion.

2.3.4 Decline Curve Analysis Module

Decline curve analysis has been used for many years to
predict future well performance from production data
Many different methods have been developed to determine
the decline curve parameters. GeTools use the algorithm for
hyperbolic decline curve fitting proposed by Spivey (1986).

The algorithm is self starting and converges very rapidly.
This program alows an automatic decline curve analysis,
either for individual wells or for large groups of wells. The
result of analysisis shownin Fig. 13.
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2.4 Fluid Properties and Geochemistry Module

The Fluid Properties and Geochemistry Module allows the
user to calculate (1) fluid thermodynamic properties and (2)
geothermal reservoir temperatures and steam fraction from
gas composition.

The Fluid properties module alows users to evaluate water
and steam properties at various conditions. The water and
steam properties calculated include specific volume,
density, viscosity, internal energy, enthalpy, entropy and
specific heat. The module can be used stand aone to
calculate fluid properties, but it can also provide services to
other modules with appropriate properties as functions of
pressure and temperature. The correlations currently exists
are those derived from the steam table of Rogers and
Mayhew (1980) and those deduced by Tortike and Ali
(1989).

The Geochemistry module alows users to calculate
reservoir temperatures and steam fraction from gas
composition using the method proposed by D’ Amore and
Truesdell (1985). Fig. 14 shows the output from this
module in graphic and tabular formats.

3. CONCLUSIONS

GeTools is a userifriendly software packages. Data entry is
easy, simple and self-explanatory. The highly graphical
nature of the software is extremely helpful. It may help
users to work more effectively and efficiently in conducting
various analyses.
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