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1. Introduction 

R-5 well has a total drilling depth of 2306 m-Md with a production initial of 52 kg/s. During the 6 months of 
production since 2009 this well decreased production to 24 kg/s from initial production with a decline of 20.93%. This 
well was previously carried out a well washing project (condensate injection) in 2012 with an increase in production of 
approximately 6 and 5 kg/s respectively. However, not long after the production back down. Therefore, an analysis of 
formation water was carried out and it was found that the well was indicated to have silica scaling. 
This scale deposition occurs due to the flashing process in geothermal wells where hot water turns phase into steam in the 
wellbore. In this field, silica deposition occurs in several wells. Silica deposition can occur because of the reboiling and 
condensation processes as well as the flashing process. The process of flashing in 2 phase wells occurs because of the loss 
of pressure and temperature in well. Fluid properties in a well, 1 phase or 2 phases are difficult to model or predict. 
Pressure and temperature data derived from running PTS only present qualitative data from the fluid phase and do not 
present complete quantitative data from the fluid regime. Therefore, to determine flow regime the CMG-Stars software is 
used. This approach requires a complex process to build simulators with several features found in CMG software. In this 
software, the initial input is reservoir and production data that can represent the actual condition of the well. 
 
2. Research Methodology 
 The methodology used in this study began by collecting R-5 well data in the form of well diagram data and well 
history, then PTS (Pressure Temperature Spinner) running results at the time of initial well conditions, because at the time 
of the initial conditions there were no depositional scale. Historical data on actual and theoretical well production is also 
needed for the history matching process when conducting simulations. The theoretical production history data is used to 
build a well model and adjust well conditions if there is no scaling problem, while actual data is needed to match the 
normal well production rate and when the well flow rate is affected by silica deposits which reduces the diameter of the 
liner and well casing. 
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Abstract: 
Silica deposition in geothermal wells is one of the causes of the decline in geothermal production. Fluid from the 
seservoir that has been saturated by silica flows in the wellbore and begins to become two phases. This scale deposition 
occurs due to the flashing process in geothermal wells where hot water turns phase into steam in the wellbore. silica 
deposition occurs in several wells. From the results of the geochemical analysis of R-5 wells in May 2014, the SiO2 
concentration of production fluid was 639.36 ppm, Cl concentration of 16875 ppm, and silica saturated index (SSI) of 
the R-5 well reached 1.78. Silica deposition can occur because of the reboiling and condensation processes as well as the 
flashing process. Pressure and temperature data from running PTS only present qualitative data from the fluid phase 
and do not present complete quantitative data from the fluid regime. Therefore, to determine flow regime and the rate 
of deposition of the scale, the CMG-Stars software is used. 
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Figure 1: Research Methodology 

 
3. Basic Theory 

One of the causes of the drastic decrease in production is the presence of scale in the wellbore. Scale is a solid 
deposition formed from chemical precipitation of liquid composition in geothermal reservoirs. This solid deposition 
reduces the diameter in the wellbore (casing) and the pipe in the production facility. 

3.1. Silica Scale 
In addition to calcite, the type of scale that is also very commonly found in geothermal wells is scaling silica. 

Unlike calcite, silica scaling is usually found in high-temperature geothermal systems. In the reservoir, the concentration of 
silica in geothermal fluid is controlled by the solubility of quartz which rises as the temperature rises. In geothermal 
reservoir rocks and surrounding areas contain a lot of quartz and will be dissolved in hot water in the reservoir. Above 
230oC under certain conditions, quartz is at equilibrium between solid forms or as a solute. Following are the reactions of 
quartz and water which form silica acid: 

SiO2(s) + 2H2O(aq)               H4SiO4(aq) 
    Quartz                                   Silica Acid 

Under equilibrium, the reaction depends on temperature by following the equation: 

Log C = -13109/T+5.19 
Note: C = Silica Concentration, mg/kg 
          T = Absolute Temperature, K 
The above equation applies at temperatures between 0oC to 250oC. The silica solubility at saturated water vapor pressure 
reaches a maximum of around 340oC in pure water. The equation for quartz solubility from 20oC to 30oC is given by 
Fournier (1986): 
t = -42.196 + 0.28831*C-3.6685x10-4*C2 + 3.1665x10-7*C3 + 77.034*log C 
Note: t = Temperature, oC 
         C = Silica Concentration, mg/kg 

Like quartz, amorphous silica solubility is also influenced by salinity and pH. If salinity increases, the amorphous silica 
solubility decreases (Chen and Marshall, 1982). At low concentrations (salinity <0.1 m), the effect of salinity becomes 
small (Brown, 1998). Amorphous silica solubility increases sharply when the fluid is alkaline (high pH), but for fluids that 
are neutral and acidic the effect of pH becomes very small (Henley, 1983). 

3.2. Reservoir Modelling Using CMG 
CMG 2002.10 is a reservoir simulation program created by Computer Modeling Group Ltd. This simulation 

program is used to do reservoir simulation. This program can be used for single-phase, two-phase or multi-phase 
reservoirs and can also be used to make simulations with two dimensions or three dimensions. 
The wellbore simulation can be used to model the physical behavior of geothermal wells using CMG-Stars software. The 
simulation starts at the lowest feedzone with initial pressure. Flowrate and temperature depend on parameters of the 
given feed zone. With this information, all thermodynamic properties can be calculated, as well as expressions for changes 
in pressure and enthalpy with elevation. Various numerical methods can then be used to calculate conditions iteratively in 
the next step in the wellbore. 
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3.3. Well Modeling 
Well Modeling consists of three steps namely Sink/Source, Semi-Analytical Wellbore Model and Flexwell. This 

drill hole model was taken from CMG Training - Advanced Wellbore Model using STARS. Each step of the wellbore 
modeling has a variety of purposes to determine the condition of the wellbore. 
 
3.4. Sink Source 

Sink Source is modeling the wellbore in this model. The purpose of the Sink Source is to produce fluid and heat 
sources from the model. Matching reservoir history for pressures, gas rates, liquid rates, and enthalpy is also affected by 
the source generated. 
 
3.5. Semi Analytical Wellbore Model 

The function of the SAM is to calculate the pressure drop and heat loss. Basic principles of vertical well flow such 
as momentum equations and energy equilibrium are solved for each section of the wellbore in the calculation SAM. The 
most important parameters are pressure and enthalpy as the main variables. The flow pattern determined based on the 
fluid velocity and the slope of the pipe. 

 
3.6 Flex well 

Modeling wells using the most complex CMG software is using the Flexwell feature. Flexwell has ability to simulate 
complex well. 

The simulated Flexwell is accurately processed to model complex wells related heat transfer, fluid flow in the well 
and its interaction with reservoir, which cannot be modeled by Sink-Source model. FlexWell models various well 
complexes configurations, including parallel/concentric tubing strings, inflow/outflow and packer, temperature and 
pressure interactions between each element of the wellbore and reservoir. In addition, flexwell wells are calculated 
independently from reservoir grid. Numeric parameters such as norm and converge of numset are used by flexwell wells. 

3.7. Reservoir History Matching 
The History matching process consists of matching production history and reservoir pressure between the model 

simulation results and theoretical and actual data. Actual & theoretical data on production. reference depth of this 
reservoir pressure is the first part of perforation layer from surface. If data are not provided, volumetric rate of liquids and 
gases can be assumed with homogeneous correlations.In this history matching process, the first thing to do is to change 
the production rate data in Kg/s to volumetric m3/day which is done using Macro-excel by considering the depth and 
pressure of the major feedzone reference. 
 
4. Case Study: Modeling Formation Of Silica Scale Deposition On R-5 Earth Heat Welding Wayang Windu Field 

Wayang Windu geothermal field well is a two-phase steam well drilled in 1997. This well has a depth of 2306 
mMD and is a directed well that has a two-phase target area in the central Wayang Windu field. This well has an initial 
production rate of 109.5 kg/s with an elastic value of 1574.5 kj/kg at WHP 12.1 barg. But on the way, the production of 
this well was not as expected, in 2014 the production rate of the well reached 26.4 kg/s. From the results of the 
geochemical analysis of the R-5 well in May 2014, the SiO2 concentration of the production fluid was 639.36 ppm, Cl 
concentration of 16875 ppm, and silica saturated index (SSI) of the R-5 well reached 1.78. so that it can be indicated 
experiencing silica scaling. 
 
4.1. Reservoir Modeling Using CMG STARS 

The units of the parameter results used in simulation are determined, there are 3-unit choices available in this 
software namely SI, Field and Lab. author determines the SI unit for this modeling because the production data and 
Pressure Temperature Spiner Survey data are generated in the SI Unit. Properties of porosity, permeability and saturation 
are assumed to be homogeneous in this simulation. Porosity value based on previous research and average value in 
dynamic reservoir modeling in this well is 0.07. Permeability range is quite high in this geothermal field. Permeability 
values of ki, kj, and kk are discussed further in the sensitivity analysis. Water saturation in simulation is set with a value of 
0,15. 
 

Porosity 0.07 
Horizontal Permeability (I, J) 100 

Vertical Permeability (K) 50 
Gas Saturation 0.3 

Water Saturation 0.15 
Oil Saturation 0 

Null Blocks 1 
Volume Modifiers 1000 

Water Mole Frac. (WATER) 0.999892 
Water Molfe Frac. (SiO2) 0.000108143 

Table 1: Data Input Array Properties 
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After creating a cylindrical grid shape, the next step is to determine the thickness and depth of the layer. In well R-
5, the perforation was performed starting at a depth of 800m which was then defined as layer 9 by the author. In R-5 well 
there are 3 feedzones where the major feedzone is at a depth of 800m with a thickness of 30m. The following is the 
thickness input data from the R-5 well model grid. 

 
Figure 2: Model Reservoir 3D 

 
4.2. R-5 Geothermal Well Modeling 

Constructing an R-5 well model and the surrounding formations which supply water/steam to the reservoir and 
also affect the heat transfer between the R-5 well and the surrounding formation. In the area of the system built, the 
authors assume the area of each grid is 20 m which then multiply 100 Grids to 2000 m towards the horizontal. While in the 
vertical direction, this grid is made with a total of 30 grids on the k-grid consisting of 24 grids for wells and 6 artificial 
grids. The 6 grids are then divided into 3 empty grids and 3 reservoir grids. The purpose of making the artificial grid is to 
model the geothermal reservoir which includes water supply and heat sources. 

 

Grid Produksi Injeksi 
R-5 1 2 3 4 

i 1 20 20 20 20 
j 1 1 2 3 4 
k 9-24     

Table 2: Location of Injection Well  
& Production Grid 

 

 
Figure 3: Cross Section 2D Model Sumur R-5 

 
Production well in this step is perforated on the feedzone grid k 9 15. On the other hand, injection wells are 

defined as having perforations in the artificial grid zone. In the sink source section, several possible well constraint prices 
are tested in depth. The constraint of BHP data and the flow rate of water and gas wells is done by importing production 
data. Bottomhole pressure is then maintained as a primary or secondary constraint to achieve results that are deemed 
appropriate. In the Well Completion menu, it is possible to select desired layer reference in the perforation zone. For 
history matching, the perforation zone at the very top / first from the top is chosen because it is used as a reference to 
measure reservoir depth. 
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4.3. Reservoir History Matching 
History matching process consists of matching production history and reservoir pressure between model 

simulation results and theoretical and actual data. Actual & theoretical data on production history and reservoir pressure 
are provided by the company. Reference depth of this reservoir pressure is the first part of Perforation layer from the 
surface. If data are not provided, volumetric rate of liquids and gases can be assumed with homogeneous correlations. 
The data used here is also not actual data on R-5 well production, but theoretical data on production rates produced by the 
major feedzone at a depth of 800 m and BHP of 2360 kPa. The use of theoretical data is intended to adjust the condition of 
the R-5 wells in the model without problem scaling. 

After the production rate is considered a match, the next step is to match the reservoir pressure at the reference 
depth with the theoretical reservoir pressure versus time. This step is done to adjust the condition of the model to the 
original condition of the ability of the reservoir around the R-5 Well. 

Figure 4 and Figure 5 are the actual and simulated results of the R-5 well and gas flow rates. Amount of liquid 
flowing is affected by the relative permeability of each component. Only the relative gas saturation is adjusted because the 
relative permeability of the gas - oil is not considered in this modeling. Initially, the fluid rate showed unmatched results 
compared to actual results. 

 
Figure 4: Water Rate Matching Results (Liquid) 

 

 
Figure 5: Gas Rate Matching Results (Vapor) 

 
4.4. Well Sink Source Simulation Results 

Figure 6. and Figure 7. show a graph of pressure & temperature between the actual data and the relatively suitable 
model. Therefore, this suitable Sink-Source model continues to be used as the basis for the SAM and Flexwell borehole 
models. 
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Figure 6: Data Pressure Profile of Sink Source vs  

Actual Data Simulation 
 

 
Figure 7: Temperature Profile of Sink Source vs 

 Actual Data Simulation 
 
4.5. Flexwell Well Simulation Results 

After the Flexwell simulation in RUN, it will get output data as above. Table 3. The above shows the output 
parameters in the form of simulation data of pressure, temperature, oil saturation, gas / vapor saturation, vapor, and 
depth of measurement. From the simulation results Sumur X has a steam quality that reaches 83.2% in the reservoir and 
experiences several fluctuations in value along the flow towards the surface. 
 

 
Table 3: Output Flexwell Well Simulation 
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Figure 8: Pressure Profiles of Flexwell vs.  

Actual Data Simulation Data 
 

 
Figure 9: Temperature Profiles of Flexwell vs.  

Actual Data Simulation Data 
 

 
Figure 10: Steam Quality from  

Flexwell Simulation Result 
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Changes in steam quality along the flow are due to heat loss and pressure processes that adjust the feedzone area 
as well as from heat transfer between the casing and the formation. 

4.6. Identification of Scaling Rate by Using the Flexwell Feature in Wells 
Scale deposition output results in September 2014 scale formed along the wall of the well, where the formation of 

the scale is most quickly seen at a depth of 850 mMD which covers 2,29971% of the original diameter of Sumur X. This 
deposition occurs because of the presence of a boiling zone at that depth and the process of condensation then re-boiling 
along the fluid flow to the surface. The process of settling the scale also affects the flow patterns that occur along the well, 
seen from the picture above in each month the flow patterns that occur differ. 
 

 
Table 4: Flexwell Simulation Results in September 2014 

 
Figure 11. is the result of scale deposition output in Sumur X on the flexwell feature in inches. The simulation 

results are then adjusted to the scale assessment that has been carried out at the Geothermal XT Ltd. Geothermal Field. At 
scale assessment, scaling begins to form at a depth of 825 m which is the top of the 10 3 10” liner, and at a depth of 2230 
m. The following is shown in Figure 12. is an illustration of the scaling rate at R-5 wells between August 2014-April 2015. 
 

 
Figure 11: Thick Scale Deposition on  

Liner & Well Casing 
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Figure 12: Illustration of Silica Deposition Rate in Wells 

 
The fastest deposition occurred at depths of 825 m and 2230 m with solid concentrations reaching 1.23E-6 Kg.m3 

/ month in the period March 2014 - July 2014 and increasing in the period August 2014 - April 2015 to 1.87E-6 Kg.m3 / 
month. This process occurs faster in the boiling zone of the feedzone between 825 m - 2230 m depth. The mechanism of 
silica scaling formation along the well flow is caused by the condensation process due to heat loss and also re-boiling that 
occurs due to heat transfer along the pipe (heated pipe), but scaling at the flow condition the process is not faster than 
scaling in the boiling zone in perforation zone. The silica deposition that occurred then made the diameter of the wellbore 
narrowed previously by 0.26 m / (10 ¾ ") to only about 0.026 m (1") in April 2015 or reduced by 99% of the original 
diameter if not immediately carried out in the program well stimulation. 
 
5. Discussion 

R-5 well is a two-phase steam well drilled in 1997. This well has a depth of 2306 mMD and is a directed well that 
has a two-phase target area in the central Wayang Windu field. This well has an initial production rate of 109.5 kg / s with 
an Elthalpy of 1574.5 kj / kg at WHP 12.1 barg. In 2014 the production rate of wells reached 26.4 kg / s. From the results 
of the geochemical analysis of the R-5 well in May 2014, the SiO2 concentration of the production fluid was 639.36 ppm, 
and the Silica saturated index (SSI) of the R-5 well reached 1.78. so that it can be indicated experiencing silica scaling. 
In-depth research on the rate of settling of the scale in February 2014 to April 2015, this research was carried out because 
if we can find out the deposition rate and the formation mechanism of the scale. 

Constructing an R-5 well model and the surrounding formations which supply water / steam to the reservoir and 
affect the heat transfer between the R-5 well and the surrounding formation. This model was built using a cylindrical grid 
type because the grid will create a balanced heat flow and pressure in the R-5 well. 
Fluid in the reservoir model is defined by inputting the data of chemical components contained in the R-5 Well reservoir. 
These components are very important in research regarding the investigation of the rate of scaling in the well flow, 
because in CMG-STARS, a stoichiometric chemical reaction can be carried out. Therefore, the authors input H2SiO4 data 
under conditions dissolved in water, and then react to produce SiO2 in the solid phase and H2O in the liquid phase, the 
authors also define the content of NCG (Non-condensable gas) in the form of CO2 and H2S. Data on liquid density, critical 
pressure, critical temperature of the components are then inputted. 

History matching is done here is the history matching of the production rate of the well model with the theoretical 
well production rate where there is no scaling. This is intended to adjust the condition of the model to its original 
condition. After simulating the production rate and the bottom hole pressure at the reference depth is considered 
appropriate then it can be done well modeling. Bottom hole pressure in the initial conditions in the actual well data is 
2366 kPa and in the model is 2201.96 kPa, while the initial volumetric vapor rate data and the model show similarities are 
383550 m3/day or 52 Kg/s. 

Sink Source modeling is done to be the basis of the Well model, the output of the Sink Source model is only in the 
form of temperature and pressure data along the well to the surface. In this model things such as casing diameter and 
roughness cannot be defined. Only the location of the perforation point can be defined. The results of temperature and 
pressure simulation along the flow to the surface of the well are then matched with the actual data obtained after logging 
PTS, after the data is compatible, the Sink Source Well model can be used as the basis of the SAM and Flexwell modeling. 
This Flexwell modeling was first carried out by inputting property data from the casing geometry and its parameters such 
as the Heat Conductivity of the well wall and cement, pipe roughness, Nusselt number and well diameter. In the 
parameters of the heat conductivity of the cement, casing, this flexwell feature will eventually produce data from fluid flow 
patterns along the well, temperature, pressure, water saturation, steam saturation, steam quality and solid deposition. 
From the Flexwell model it is found that the steam quality of 83.97% at the bottom of the well and 83.92% on the surface, 
the quality of this steam fluctuates along the well which is caused by the condensation process and also Flashing so that 
the flow pattern changes throughout the time function of the production well caused by the deposition of scale on the wall 
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of the R-5 well. Pressure losses along the well flow can also be analyzed using the output from Flexwell, pressure losses in 
the casing section above the perforation zone to the surface range between prices 48-51 kPa/100 m vertically. 

From the results of the simulation carried out, the well where the formation of Silica scale in the Well occurred 
along the well in a time function, the fastest deposition occurred at depths of 825 m and 2230 m with solid concentrations 
reaching 1.23E-6 Kg.m3/month in the March period 2014 - July 2014 and increased in the period August 2014 - April 2015 
to 1.87E-6 Kg.m3/month. Silica deposition that occurs then causes the diameter of the wellbore to shrink from the 
previous 0.26 m/(10 ¾ ") to only about 0.026 m (1") in April 2015 or decreases by 99% from the original diameter if not 
immediately carried out in the program well stimulation. 

Stimulation program carried out in order to clean scaling of wells is by way of well washing and matrix acidizing, 
well washing is a treatment carried out. 
 
6. Conclusions 

 The reservoir model is created using CMG-STARS software to simulate the well condition with the area of the 
system being built is 2000 m in the horizontal direction and 3100 m in the vertical direction. In the vertical 
direction, this grid is made with a total of 30 grids on the k-grid consists of 24 grids for wells and 6 grids as 
reservoirs. 

 Modeling wells using the Simple Analytical Model (SAM) obtained steam quality ranging from 83.97% at the 
bottom of the well and 83.92% at the surface. 

 The history matching process of the model is quite good where, the bottom hole pressure in the initial conditions 
in the actual well data is 2366 kPa and in the model is 2201.96 kPa, while the initial volumetric vapor rate data 
and the model show similarities are 383550 m3/day or 52 Kg/s. 

 Based on the results of the simulation conducted, the difference in roughness casing and liner production of 
geothermal wells R-5 causes the formation of silica at a depth of 825 m and 2230 m has the highest settling rate. 

 The scaling concentration rate in the R-5 Well between March 2014 - July 2014 is 1.23E-6 Kg.m3/month, and has 
increased in August 2014 - February 2015 at a rate of 1.87E-6 kg.m3/month so that it almost covers 99% of the 
well diameter. 
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