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Abstract- A geothermal well can experience a decrease in the production of fluid (steam) due to the presence of scaling. The 

scaling usually is formed in the slotted liner hole. The purposes of this study were to determine the fluid flow pattern, the zone 

of scaling accumulation, and the scaling type in the well “X”. This can be a reference to determine the next step to prevent and 

clean scaling problems in the wellbore. In determining the fluid flow pattern, the manual calculation using the Hewitt-Robert 

method and the simulation calculation using WellSim software were conducted. In determining the zone of scaling accumulation, 

the pressure, temperature, and spinner (PTS) survey data were utilized. In determining the scaling type, the geochemical analysis 

data were utilized. The results showed that the fluid flow pattern was annular flow based on the Hewitt-Robert method and mist 

flow based on WellSim software. There is no flow pattern type of mist in the grouping of flow patterns based on Hewitt-Robert. 

Because the characteristics of mist flow and annular flow are almost the same, the annular flow pattern can be considered similar 

to mist flow. Furthermore, the results were validated with PTS survey data so that the flashing zone was known at a depth of 

1458.27 m from a total depth of 1700 m. Based on the geochemical analysis, it was known that the scaling type in the well “X” 

is of the calcite type. 

Keywords Flow Pattern, Geothermal, Production, Scaling, Slotted Liner. 

 

1. Introduction 

Geothermal energy is different from other natural 

energies such as oil, natural gas, minerals, and coal because it 

cannot be transported and can only be used for the 

development of production [1]. This energy can only be 

produced at a given time, needs to be reserved, and is not 

available everywhere [2]. However, The Geothermal energy 

is a replenished source and can be utilized all year round [3]. 

Because of that, the potential of geothermal energies is 

necessary to be investigated and discovered [4]. In addition, 

The geothermal energy establish an opportunity for fulfil the 

needs of future generations [5]. In 2021, the total geothermal 

potential in Indonesia reaches 23,765.5 Megawatt equivalent 

(Mwe) or around 40% of the total geothermal potential in the 

world. Currently, geothermal potential in Indonesia has only 

http://orcid.org/0000-0002-9863-1104
http://orcid.org/0009-0007-7362-8375
http://orcid.org/0000-0002-8053-6360
http://orcid.org/0009-0001-0971-1381
http://orcid.org/0000-0003-0750-2006


INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
A. Sofyan et al., Vol.13, No.1, March 2023 

277 
 

been utilized at 4.5%, meaning that there is still around 95.5% 

of Indonesian geothermal potential that has not been utilized. 

Therefore, the government has set a target to increase 

geothermal consumption to 23% by 2025 [6]. 

Along with the increasing energy consumption and 

demand due to changes in population growth and lifestyle [7], 

the production of geothermal energy as alternative energy 

needs to be increased to full fill the national energy target in 

the year 2025.  Several steps are carried out for the 

development of geothermal energy, namely the preliminary 

3G survey (geology, geochemistry, geophysics), exploration 

3G survey, exploration drilling, project review and planning, 

field development, power plant construction, commissioning, 

and operation [8]. 

In utilizing geothermal energy, geothermal fluid that has 

been released to the surface of the earth contains heat energy 

which will be used to generate electrical energy. The fluid 

originates from the geothermal reservoir layer which is formed 

as a result of heat transfer from a heat source to its 

surroundings which occurs by conduction and convection [9].  

Each reservoir layer in the earth contains a variety of 

different characteristics such as fluid and rock content and 

rock hardness levels, so it is very important to research to find 

the right method to solve problems at each reservoir location. 

Some of the challenges faced when geothermal energy is 

produced from deep wells are the most common problems 

have been related to the chemistry of the geothermal fluids 

which sometimes contain quite considerable concentrations of 

minerals and gases, which can cause scaling and corrosion in 

wells and surface installations which the geothermal fluids 

flow through [10]. 

Formation of scaling in geothermal wells is one of the 

main factors that can lead to a decrease in the quality and 

quantity of energy production because it can cause damage to 

pipes and reduce production speed. Scaling is deposits or 

solids in a reservoir or along a flow pipe of geothermal energy 

production which is formed due to changes in pressure, 

temperature, and pH in a liquid system. The type of scaling is 

affected by the chemical composition of the liquid in the 

system [11]. The accumulation zone of scaling and the cause 

of scaling can be determined by analyzing the flow pattern and 

characteristics of the fluid (steam) in the geothermal wells.  

Scaling usually occurs in the casing series. In a 

geothermal well ”X”, it is known that there is a blockage by 

scaling in the slotted liner hole which can reduce the amount 

of geothermal energy production. Therefore, the cause of the 

decline in geothermal energy production from the well “X” 

must be analyzed by determining the accumulation zone of 

scaling and the cause of scaling by determining the fluid flow 

pattern found in the well “X”[12]. This can be a reference to 

determine the next step to prevent and clean scaling problems 

in the wellbore. 

Research on determining fluid flow patterns was carried 

out in Banjarmasin in 2015 to examine the effect of salt 

concentration on the flow characteristics of two-phase fluid 

(gas-liquid fluid) using Hewitt-Robert calculation method for 

flow pattern mapping. The results showed that the flow pattern 

before flooding was annular and it during flooding was churn 

[13]. The other related research conducted by Flores Amenta 

in 2015 was about determining the flow pattern using WellSim 

software to establish the thermodynamic state of the fluid at 

any given depth to investigate the cause of decline production 

in the wellbore [14]. Furthermore, research conducted by 

Tolivia (1972) reported that by analyzing the flow pattern, the 

formation of scaling can be predicted in the well “Y”. There 

are two types of scaling in the well, namely silica scaling and 

calcite scaling [15]. The silica scaling dissolves in the high-

temperature well, evaporates from the liquid phase, and then 

settles on the casing wall of the well. At the same time, the 

calcite scaling, which does not dissolve in liquid, will lose 

carbon dioxide (CO2) and becomes calcium carbonate 

(CaCO3). This loss of carbon dioxide is caused by a decrease 

in pressure because the solubility of the gas in the liquid is 

proportional to the pressure (Henry's Law). These two 

phenomena of scaling occur along the wellbore and in the 

annular flow zone where boiling of the fluid on the casing wall 

can increase the accumulation of the two scales [15]. 

However, the research conducted by Widodo et al. (2015) did 

not use data on actual conditions in the field [13]. 

Furthermore, research conducted by Widodo et al. (2015) and 

Tolivia (1972) did not perform simulations using the Wellsim 

software. Meanwhile, the research conducted by Flores 

Amenta can determine the flow pattern along the section of 

the well to differentiate separated (nonhomogenous) flow 

from the homogenous flow but it was not related to 

determining the type of fluid flow pattern that has the potential 

to cause scaling[14]. In year 2020, Zolfagharroshan and 

Khamehchi has conducted a research to predicts scale 

precipitation and deposition during drilling in addition to 

modeling production conditions using two-phase fluid flow 

equations with HOLA software. However, this research not 

determining the flow pattern that can cause the scaling in the 

wellbore [15] . Therefore, current research is important to do 

to cover the shortcomings in the previous studies.  

This research used Hewitt-Robert calculation method to 

find out the fluid flow patterns that occur in the wellbore (the 

well “X”) and was also validated using the Wellsim software. 

Wellsim is a geothermal wellbore simulator that can analyze 

the types of flow patterns at each wellbore depth. In addition 

to knowing the flashing zone that occurred in the wellbore, 

this study used the Pressure, Temperature, and Spinner (PTS) 

survey data obtained from the field. Furthermore, the object 

used in this research was the fluid from a geothermal reservoir 

(the well “X”). Meanwhile, the previous research used salt 

water as a research object and was carried out on the pipeline 

surface with the Dukler equation method [15]. Therefore, this 

research is new and has not been conducted by other 

researchers yet. 

The objectives of this study were (1) to determine the fluid 

flow pattern formed from the geothermal well “X”, (2) to 

determine the accumulation zone of scaling in the well based 

on PTS survey data, (3) to determine the type of fluid flow 

pattern that has the potential to cause scaling, (4) to determine 

the type of scaling formed in the well.  
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2. Methods 

The flow chart of this research is shown in detail in 

Figure 1. 

 

Fig. 1. Flowchart of the research. 

The data used in this research were real data collected 

from the real geothermal field from 3rd February 2022 to 3rd 

May 2022, as following: geochemical data, PTS data, well’s 

head pressure data, well’s production data, flow rate data, 

well’s profile data, and casing summary data.  

The data analysis process as shown in the Figure 1 was 

carried out after all the necessary data were collected. Then, 

the flow pattern was determined based on the coordinates of 

the calculation which was calculated manually using the 

Hewitt-Robert method. To validate the results obtained from 

the Hewitt-Robert method, the WellSim software was used to 

simulate the flow pattern, so that the results from the manual 

calculation and simulated calculation can be compared to 

determine the final type of fluid flow pattern in the well “X”. 

Furthermore, determining the depth of the flashing zone 

was carried out using the PTS survey data so the accumulation 

zone of scaling in the slotted liner in the well “X”. By knowing 

the flashing zone in the well, scaling at a certain depth can be 

estimated because the fluid in the well “X” experiences 

change in pressure, temperature and pH. 

After knowing the flashing zone, geochemical analysis 

was carried out to determine the type of scaling in the well 

“X”. This was done to prove that there was scaling in the well 

“X” after knowing the flashing zone and flow pattern. 

2.1. Manual Calculation using Hewitt-Robert Method 

Determination of the fluid flow pattern in the well “X” 

was manually carried out using the Hewitt-Robert method.  

This process requires some data, namely pressure, depth, 

flow rate, enthalpy, dryness pipe, and diameter. Then it is 

calculated by a formula based on the Hewitt-Robert method to 

get the cross-sectional area of the well “X”. It is applied to get 

the coordinates of the x and y flow patterns. From these 

coordinates will determine the flow pattern in well “X”. 

2.2. Simulation using WellSim Software   

In the calculation process using WellSim, some data are 

needed, namely well deviation, casing configuration, 

geometry configuration, and feed zone. Then it starts the 

discharge simulation calculation to find the flow pattern 

results in well “X”. 

2.3. Geochemical Analysis 

Water and gas from the geothermal well were analyzed 

and the samples were obtained from the downhole tube 

sampler with Klyen methode. The cations and anions were 

analyzed using ion chromatography, ICP-OES, alkalimetric 

titration, and spectrophotometry, while isotopes were 

measured using a Liquid Water Isotope Analyzer [16]. 

After the tube sampler returned to the surface and was 

cooled down, the gas and aqueous samples were separated into 

different containers. The gas sample was induced and stored 

in another prevacuum stainless tube sampler, and the aqueous 

sample was separated into three distinct bottles, one for on-

site measurement, one for anion analysis and one for cation 

analysis. The aqueous sample for cation analysis was acidified 

in the field with ultra-pure nitric acid to pH < 2. The 

temperature, pH value, redox potentials (Eh) and electrical 

conductivity (EC) of the aqueous sample were immediately 

measured in the field with the electrochemistry meter. 

Alkalinity was also analysed in situ by titration with 

hydrochloric acid. The gas and remaining aqueous samples 

were sent to laboratories for chemical analysis. The aqueous 

samples were analysed by ion chromatography for anion 

analysis and by induced coupled plasma-mass spectroscopy 

for cation analysis [17]. The collected gas sample was then 

taken to the laboratory for analysis. Analysis of gas samples 

was carried out by two methods i.e. gas chromatography 

method for inactive gases (H2, Ar, N2, and CH4) and GC 

titration method for reactive gases (CO2, NH3, and H2S) [13]. 
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(1) 

3. Results and Discussions 3.1. Profile of Well ‘X’

The well “X” is a steam-dominated well that has a depth 

of up to 1700 meters with an energy production capacity of 12 

MW and a dryness of 98% located in Patuha. The well “X” 

has production casings of 20” and 13 3/8” and perforated 

liners of 10 3/4” and 7”, which can be seen in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Schematic of the Well 

3.2. Determination of Flow Pattern Using the Hewitt-Robert 

Method 

Determination of the vertical fluid flow pattern in the well 

“X” was conducted using Hewitt-Robert flow pattern mapping 

because the steam and hot water fluid flow upward (vertical 

up flow) with a pressure range of atmospheric pressure up to 

1000 psi. The steps to determine the vertical flow pattern are 

as follows:  

3.2.1. Determination of the Cross-Sectional Area of the Flow 

Pipe in the Well “X” 

The cross-sectional area of the flow pipe in this analysis 

was the cross-sectional area of the entire casing in the well 

“X” from the surface to a depth of 1700 meters. Along the 

depth of the well, there were 20” and 13 3/8” production 

casings, then 10 3/4” and 7” perforated liners.  

For example, the cross-sectional area of the flow pipe of 

the casing of 13 3/8" with an inner diameter of 12.415 in (1 in 

= 0.0254 m) can be calculated through the formulation below: 

𝐴𝑝 = 𝜋
𝑑𝑖2

4
      

𝐴𝑝 = 3.14
(12.415 ×  0.0254)2

4
 

𝐴𝑝 = 0.078 𝑚2 

Where: 

Ap, the cross-sectional area (m2); π, constants; di, diameter 

inside of the casing (m) 

Based on the Figure 4, the calculation of the cross-

sectional area of the flow pipe in the well “X” used the top 

casing first, namely the production casing of 13 3/8" with an 

inner diameter of 12.415 in, because the production casing of 

20" was installed from the surface to a depth of 357 m while 

the production casing of 13 3/8" was installed from the surface 

to a depth of 919 m. In this case, the fluid was only through 

the production casing of 13 3/8". Hence, from the above 

calculation, a cross-sectional area was 0.078 m2. 

3.2.2. Determination of the Coordinates of the Flow Pattern 

Map 

The coordinates (x, y) of the flow pattern map were 

determined using equations 2 and 3. It was known that on the 

surface of the well “X” has a dryness (q) of 0.98, a total mass 

flow (Mtotal) of 23.75 kg/s, a cross-sectional area (Ap) of 

0.078 m2, a water density (ρl) of 893.46 kg/m3 and a vapor 

density (ρg) of 4.50 kg/m3. The determination of the 

coordinates was conducted through equations 2 and 3 below 

[18]: 

𝑥 − 𝑎𝑥𝑖𝑠 =
𝐺𝑙2

𝜌𝑙
=

((1−𝑞)
𝑀𝑡𝑜𝑡𝑎𝑙

𝐴𝑝
)

2

𝜌𝑙
 

𝑥 − 𝑎𝑥𝑖𝑠 =
𝐺𝑙2

𝜌𝑙
=

((1 − 0.98)
23.75
0.078)

2

893.46
 

𝑥 − 𝑎𝑥𝑖𝑠 = 2.07 𝑘𝑔/(𝑚𝑠2) 

𝑦 − 𝑎𝑥𝑖𝑠 =
𝐺𝑔2

𝜌𝑔
=

((1−0.98)
23.75

0.078
)

2

4.50
 

𝑦 − 𝑎𝑥𝑖𝑠 = 411.19 𝑘𝑔/(𝑚𝑠2) 

Where: 

X-axis, horizontal axis (kg/(ms2)); Y-axis, vertical axis 

(kg/(ms2)); 𝐺𝑙, mass flux of liquid phase flowing alone in 

channel (kgm-2s-1) 𝐺𝑔, mass flux of gas phase flowing alone 

in channel (kgm-2s-1); 𝜌𝑙, liquid density (kg/m3); 𝜌𝑔, gas 

density (kg/m3); q, dryness; Mtotal, total mass (kg/s); Ap, the 

cross-sectional area (m2) 

 

The results of complete calculations at various depths of 

the well “X” are displayed in full in Table 1. Then, the results 

of the x-axis and y-axis are plotted on the Hewitt-Robert flow 

pattern graph, shown in Figure 3. 

 

 

 

 

Scaling 

Zone 

(2) 

(3) 
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Table 1. Calculation result using Hewitt-Robert Method 

The Hewitt-Robert flow pattern graph can be used to 

determine the type of flow pattern using the x-axis and y-axis 

parameters. Based on the Figure 3, there are 6 types of flow 

pattern behavior in the geothermal wells, namely bubbly, 

bubbly slug, churn, annular, and wispy annular. Based on the 

plotting results of the x-axis and y-axis on the Hewitt-Robert 

flow pattern graph (Fig. 3), the intersection point of the x-y 

axis with the line of the annular flow pattern was obtained. 

Table 2 shows the types of flow patterns based on the results 

of the plotting shown in the Figure 3. 

 

 

 

 

Depth Pressure Enthalpy Dryness 
Casing 

Size 

𝐴𝑝 
Massflow 

Water Steam 

Density 

(𝜌𝑙) 

𝑥

− 𝑎𝑥𝑖𝑠 

 (
𝐺𝑙2

𝜌𝑙
) 

Density 

(𝜌𝑔) 

𝑦 − 𝑎𝑥𝑖𝑠 

(
𝐺𝑙2

𝜌𝑔
)  

0.00 8.69 2730.77 0.98 

13 3/8" 

0.078 23.75 893.46 2.07 4.50 411.19 

50.86 8.72 2730.77 0.98 0.078 23.75 893.29 2.07 4.52 409.71 

101.88 8.76 2730.77 0.98 0.078 23.75 893.13 2.07 4.53 408.24 

152.91 8.79 2730.77 0.98 0.078 23.75 892.96 2.07 4.55 406.78 

203.93 8.82 2730.77 0.98 0.078 23.75 892.80 2.07 4.57 405.33 

254.95 8.86 2730.77 0.98 0.078 23.75 892.63 2.07 4.58 403.89 

305.98 8.89 2730.77 0.98 0.078 23.75 892.47 2.07 4.60 402.45 

357.00 8.92 2730.77 0.98 0.078 23.75 892.30 2.07 4.62 401.03 

380.23 8.93 2730.77 0.98 0.078 23.75 892.24 2.07 4.62 400.48 

440.09 8.97 2730.77 0.98 0.078 23.75 892.07 2.07 4.64 399.07 

499.95 9.00 2730.77 0.98 0.078 23.75 891.91 2.08 4.65 397.66 

559.82 9.03 2730.77 0.98 0.078 23.75 891.74 2.08 4.67 396.27 

619.68 9.07 2730.77 0.98 0.078 23.75 891.58 2.08 4.69 394.88 

679.54 9.10 2730.77 0.98 0.078 23.75 891.41 2.08 4.70 393.50 

739.41 9.13 2730.77 0.98 0.078 23.75 891.25 2.08 4.72 392.14 

799.27 9.17 2730.77 0.98 0.078 23.75 891.09 2.08 4.74 390.78 

859.14 9.20 2730.77 0.98 0.078 23.75 890.92 2.08 4.75 389.42 

919.00 9.23 2730.77 0.98 

10 3/4" 

0.048 23.75 890.76 5.44 4.77 1016.04 

947.00 9.25 2730.77 0.98 0.048 23.35 890.69 5.26 4.78 980.61 

1000.02 9.28 2730.77 0.98 0.048 23.35 890.55 5.26 4.79 977.80 

1063.68 9.31 2730.77 0.98 0.048 23.35 890.39 5.26 4.81 974.44 

1127.34 9.34 2730.77 0.98 0.048 23.35 890.23 5.26 4.82 971.11 

1191.00 9.38 2730.77 0.98 0.048 22.95 890.07 5.08 4.84 934.92 

1243.34 9.41 2730.77 0.98 0.048 22.95 889.93 5.08 4.85 932.30 

1307.00 9.44 2730.77 0.98 0.048 22.45 889.77 4.87 4.87 889.08 

1343.00 9.46 2730.77 0.98 0.048 22.25 889.68 4.78 4.88 871.63 

1359.00 9.47 2730.77 0.98 0.048 21.75 889.64 4.57 4.88 832.18 

1371.00 9.47 2730.77 0.98 0.048 19.15 889.61 3.54 4.89 644.67 

1385.00 9.48 2730.77 0.98 0.048 17.15 889.57 2.84 4.89 516.64 

1389.00 9.48 2730.77 0.98 0.048 14.15 889.56 1.93 4.89 351.59 

1415.00 9.50 2730.77 0.98 0.048 13.15 889.49 1.67 4.90 303.20 

1436.70 9.51 2730.77 0.98 

7" 

0.019 13.15 889.43 10.36 4.90 1879.01 

1500.89 9.54 2730.77 0.98 0.019 13.15 889.27 10.36 4.92 1872.54 

1567.26 9.58 2730.77 0.98 0.019 13.15 889.10 10.37 4.94 1865.90 

1633.63 9.62 2730.77 0.98 0.019 13.15 888.93 10.37 4.96 1859.31 

1700.00 9.65 2730.77 0.98 0.019 13.15 888.76 10.37 4.97 1852.76 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
A. Sofyan et al., Vol.13, No.1, March 2023 

281 
 

 

Fig. 3. Plotting the x-axis and y-axis on the Hewitt-Robert 

Flow Pattern Graph 

The results of determining the flow pattern in the well “X” 

with a range of depths for each casing series as shown in the 

Figure 3 and Table 2 show that the flow pattern formed was 

annular. An annular flow is a flow that flows in the internal 

perimeter of a channel with gas (or vapor) having a higher 

velocity in the center. This flow pattern is very stable and is 

the desired flow pattern in piping [19].   

Table 2. Flow Patterns based on Hewitt-Robert graph plots 

Depth 

Water Steam 

Flow 

Pattern 
Density 

(𝜌𝑙) 

𝑥 − 𝑎𝑥𝑖𝑠 

 (
𝐺𝑙2

𝜌𝑙
) 

Density 

(𝜌𝑔) 

𝑦 − 𝑎𝑥𝑖𝑠 

(
𝐺𝑙2

𝜌𝑔
)  

0.00 893.46 2.07 4.50 411.19 Annular 

50.86 893.29 2.07 4.52 409.71 Annular 

101.88 893.13 2.07 4.53 408.24 Annular 

152.91 892.96 2.07 4.55 406.78 Annular 

203.93 892.80 2.07 4.57 405.33 Annular 

254.95 892.63 2.07 4.58 403.89 Annular 

305.98 892.47 2.07 4.60 402.45 Annular 

357.00 892.30 2.07 4.62 401.03 Annular 

380.23 892.24 2.07 4.62 400.48 Annular 

440.09 892.07 2.07 4.64 399.07 Annular 

499.95 891.91 2.08 4.65 397.66 Annular 

559.82 891.74 2.08 4.67 396.27 Annular 

619.68 891.58 2.08 4.69 394.88 Annular 

679.54 891.41 2.08 4.70 393.50 Annular 

739.41 891.25 2.08 4.72 392.14 Annular 

799.27 891.09 2.08 4.74 390.78 Annular 

859.14 890.92 2.08 4.75 389.42 Annular 

919.00 890.76 5.44 4.77 1016.04 Annular 

947.00 890.69 5.26 4.78 980.61 Annular 

1000.02 890.55 5.26 4.79 977.80 Annular 

1063.68 890.39 5.26 4.81 974.44 Annular 

1127.34 890.23 5.26 4.82 971.11 Annular 

1191.00 890.07 5.08 4.84 934.92 Annular 

1243.34 889.93 5.08 4.85 932.30 Annular 

1307.00 889.77 4.87 4.87 889.08 Annular 

1343.00 889.68 4.78 4.88 871.63 Annular 

1359.00 889.64 4.57 4.88 832.18 Annular 

1371.00 889.61 3.54 4.89 644.67 Annular 

1385.00 889.57 2.84 4.89 516.64 Annular 

1389.00 889.56 1.93 4.89 351.59 Annular 

1415.00 889.49 1.67 4.90 303.20 Annular 

1436.70 889.43 10.36 4.90 1879.01 Annular 

1500.89 889.27 10.36 4.92 1872.54 Annular 

1567.26 889.10 10.37 4.94 1865.90 Annular 

1633.63 888.93 10.37 4.96 1859.31 Annular 

1700.00 888.76 10.37 4.97 1852.76 Annular 

From the calculation using the WellSim software, there 

was a mist flow pattern with dryness of 0.98, steam mass 23.26 

of kg/s, and brine mass of 0.49 kg/s. A dryness of 0.98 is 

considered the same along the wellbore because at the time the 

measurement is only carried out on the surface. The flow 

pattern obtained should be annular flow because it only 

produces steam with a dryness of 0.98, which means it is 

considered a single-phase flow, but because the grouping of 

flow patterns based on Hewitt-Robert is only for annular flow 

patterns, the results of calculations and graph plots obtained 

are annular flow. This annular flow pattern can be thought of 

as similar to mist flow because it can be found at high vapor 

quality at the point where the annular flow is thinned by 

shearing of the gas core at the interface until it becomes 

unstable so that all the liquid is trapped as droplets in the 

continuous gas phase [20] . 

It can be concluded that based on the manual and software 

calculations, the well “X” has a vapor fraction of 100% and an 

annular flow pattern. This annular flow is a flow pattern that 

is in great demand because it has the highest vapor fraction so 

it can produce large amounts of steam. In addition, the annular 

flow is a fairly stable and safe flow, unlike the turbulent flow 

pattern which can cause large friction and irregular flow [21]. 

Meanwhile, the flow pattern that is avoided in geothermal 

wells is a slug flow pattern[22]. 

3.2.3. Flashing Zone Depth Based on PTS Survey Data 

The pressure, temperature, and spinner (PTS) survey is 

one of the many monitoring activities of geothermal wells, that 

is routinely carried out on geothermal wells to describe the 

flow along the wellbore [23]. 
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Fig. 4. Graph of PTS injection data 

From the flow pattern calculations, at a depth of 1458.27 

meters to the surface, there is no brine because the flow pattern 

formed is annular based on the Hewitt-Robert classification. 

Based on the PTS injection data in the well “X”, it can be seen 

that this well is a geothermal well that produces steam fluid. 

This can be seen in Figure 4 showing a constant increase in 

pressure which means that throughout the production casing 

from a depth of 1458.27 m to the surface no brine flow can 

increase pressure. While from a depth of 1458.27 m to 

1658.27 m there is a brine flow, this can be seen from the 

sudden change in pressure and temperature at a certain depth. 

It can also be seen that the well “X” has a dryness of 0.98 so 

the well “X” can be called a well with single-phase flow or 

steam dominated. 

The flashing zone is at a depth of about 1458.27 m, 

because at that depth there is a decrease in pressure from 135 

bara to 44 bara due to a change in diameter between the 7” 

perforated liner which has a small diameter of 6.184” and the 

10” perforated liner which has a larger diameter of 9.76”. This 

decrease in pressure will cause steam to come out of the brine 

which is called flashing. 

The flashing will affect the composition of the brine, 

namely the concentration of scaling is getting thicker due to 

the loss of some water which turns into steam due to a decrease 

in pressure and temperature, as well as the release of gases 

such as CO2 and H2S which will affect the pH of the brine. 

This phenomenon can increase pH and ion concentrations and 

result in the formation of scaling in the well “X” [24]. 

CaCO3 + H2O ⇋ Ca2+ + HCO3
− + OH−[19]  

 

This phenomenon results in scaling which is the 

emergence of a problem in the production process of 

geothermal energy sources in this flash steam system. 

Therefore, after the flashing area reaches the surface, the 

steam fluid will flow at a higher speed. 

In the analysis of PTS injection data of the well “X”, the 

fluid injection rate at the time of measurement was 75.8 kg/s 

or 1,200 gpm. Fluid velocity analysis was performed using the 

slope between the spinner and the cable speed. Figure 5 shows 

the profile of the slope. 

 

Fig. 5. Graph of Data Velocity, Depth, and Mass Rate 

Based on Figure 5, it is known that there are five 

feedzones, where the feedzone which is in the elevation range 

of 761-786 m or a depth of 1,389-1,421 m from the ground 

level has the largest contribution, which is 46%. This shows 

that the simulation results of mass rate and fluid flow are in 

accordance with the measurement data. However, the water 

column that is not formed perfectly causes the results of 

temperature and pressure measurements to be inconsistent 

with the measurement data. 

3.2.4. Types of Scaling Based on Geochemical Data Analysis 

After knowing the accumulation zone of scaling, it is 

necessary to validate the type of scaling found in the formation 

and around the liner so that the steam production from the well 

“X” does not decrease from time to time. From the PTS 

analysis, there is a flashing zone that can form a scale. This 

flashing zone results in the formation of steam originating 

from a decrease in temperature and pressure resulting in the 

release of H2S and CO2 which will affect the pH of the brine. 

The geochemical analysis is carried out to determine the 

fluid content that causes the formation of scaling. Indications 

of the formation of scaling in the form of silica and calcite can 

be seen from the value of the saturation index of silica and 

calcite. If a chemical compound has an index value that 

exceeds its saturation value (> 1), it means that the scaling is 

formed in the well[25]. 

(4) 
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(5) 

(6) 

The chemical content of the downhole sample from the 

well “X” obtained from the geochemical analysis is shown in 

Table 3. 

Table 3. The geochemical analysis results using a downhole 

sample from the well “X” 

Downhole Sampling 

pH Field 8.2  

pH Lab 6.52  

Temp. 254 Celcius 

Li 0.029 Ppm 

Na 43 Ppm 

K 9 Ppm 

Ca 52.2 Ppm 

Mg 0.36 Ppm 

SiO2 204 Ppm 

B 10 Ppm 

Cl 6 Ppm 

F 5 Ppm 

SO4 170 Ppm 

HCO3 56 Ppm 

NH4 0.1 Ppm 

As 0.267 Ppm 

Fe 0.165 Ppm 

 

By using the geochemical analysis results (Table 3), the 

type of scaling in the well “X” can be determined by 

performing excel calculations on the content of calcite and 

amorphous silica. 

The Calcite Saturation Index (CSI) is calculated using a 

formula shown in Equation (5) [26]. 

CSI = 𝑙𝑜𝑔
𝐼𝐴𝑃

𝐾𝑠𝑝
 

 
Where: 

CSI, calcite Saturation Index; IAP, ion activity product; Ksp, 

solubility product 

 

Before calculating the CSI, it is necessary to know the 

Ksp of CaCO3. The calculation of Ksp value takes the values 

of Ca2+ and CO3
2- with mole units but the data that has been 

obtained is still in ppm units (Table 3). If the Ca2+ unit is 

converted from ppm to mol, the Ca2+ content of 52.2 ppm will 

be 0.001305 mol. Because the data obtained is HCO3 (Table 

3), it is necessary to convert its unit from ppm to mol so the 

HCO3 of 56 ppm is equal to 0.000918033 mol. Furthermore, 

the mol of CO3
2- can be calculated using the mol of HCO3, 

molecular weight of HCO3, and molecular weight of CO3 with 

the formula shown in equation (6) [25]: 

 

CO3 = Mol HCO3

𝑀𝑟 𝐶𝑂3

𝑀𝑟 𝐻𝐶𝑂3
 

CO3 =0.000918033
60

61
 

CO3 = 0.000902983 

 

Where: 

Mr, molecule ratio 

 

Furthermore, the Ksp CaCO3 is calculated using the 

following formula [26]: 

 

Ksp(CaCO3) = [Ca2+] . [CO3
-2] 

Ksp (CaCO3) = [0.001305] . [0.000902983] 

Ksp (CaCO3) = 3.3 × 10-9 

 

The solubility product (Ksp) for calcite at a temperature 

of 25oC is 3.36×10-9 mol2.L-2, where 25oC is the room 

temperature because the test was carried out in the laboratory 

at room temperature. More calcite will form with temperature.  

Then, the calculation of the ion activity product (IAP) was 

conducted with the formula below [26]: 

Ion = HCO3 . Ca 

Ion = 0.000918033 . 0.001305 

Ion = 1.17839 × 10-6 

 

The ion activity product is the ion of the actual activity of 

Ca2+ and CO3
2- [21]. After getting the Ion and Ksp values, the 

Calcite Saturation Index (CSI) value can be calculated using 

the formula (5): 

 

CSI = 𝑙𝑜𝑔
𝐼𝐴𝑃

𝐾𝑠𝑝
 

CSI = 𝑙𝑜𝑔
1.17839 × 10−6

3.3 × 10−9  

CSI = 2.54 

 
Where: 

CSI, calcite Saturation Index; IAP, ion activity product; Ksp, 

solubility product 

From these calculations, a CSI value of 2.54 was 

obtained. It can be said that the CSI value was above 1 which 

indicates that the scaling was formed from calcite in the well 

“X”. The summary of the CSI calculations is shown in Table 

4. 

Table 4. summary of the CSI calculations 

Ca 0.001305 

HCO3 0.000918033 

CO3 0.000902983 

Ion 1.17839E-06 

Ksp 3.36E-09 

CSI 2.544950842 

 

To find out the solubility of amorphous silica formed in 

brine at vapor pressure, the equation that has been made by 

Fornier and Truesdell (1973) can be used [26]. The equation 

is shown in equation (9). 

(7) 

(8) 

(9) 
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Silica Amorf (SiO2): t(oC) 

(
731

(4.52−𝑙𝑜𝑔𝑙𝑜𝑔 𝑆𝑖𝑂2) 
) − 273.15   

   
Before calculating the Silica Saturation Index (SSI), it is 

necessary to calculate the log SiO2 first. It is known that the reservoir 

temperature is 254oC, then it was calculated by the formula 

[27]: 

 

Log SiO2 = 4.52 − (
751

(𝑇𝑟𝑒𝑠+273)
) 

Log SiO2 = 4.52 − (
751

(254+273)
) 

Log SiO2 = 3.094952562 

 

Where: 

Tres, reservoir temperature (oC) 

After the log SiO2 is known, then the Silica Saturation 

Index (SSI) calculation is immediately carried out using the 

formula (10), as follows [28]: 

 

SSI = (
731

(4.52−𝑙𝑜𝑔𝑙𝑜𝑔 𝑆𝑖𝑂2) 
) − 273.15 

SSI = (
731

(4.52−3.094
) − 273.15 

SSI = 0.850654368 
 

From these calculations, the SSI value of 0.85 was 

obtained. It can be said that the SSI value is still below 1, 

which means that the silica content is not too saturated or even 

almost does not form in the X well. At lower temperatures, 

amorphous silica will be more easily formed than other types 

of silica. Therefore, amorphous silica is the dominant deposit 

in surface equipment and wastewater disposal sites [28]. The 

summary of the SSI calculations is shown in Table 5. 

 

Table 5. summary of the SSI calculations 
 

SiO2 204 

log SiO2 3.094952562 

Silica Amorf 239.8153795 

SSI 0.850654368 
 

Based on the CSI and SSI calculations, it can be 

concluded that the scaling type in the well “X” is scaling from 

calcite. Based on our experiences, the type of calcite scaling 

is indeed commonly found in dry stream geothermal wells. 

The pictures of calcite scaling in the well “X” and the scale 

stuck in the check valve are shown in Figures 6 and 7, 

respectively[29]. 
 

 

 

 

 

 

Fig. 6. Calcite Sample in Well “X” 

 
Fig. 7. Trapped Sample in Check 

 

In previous research by Zolfagharroshan and Khamehchi 

[30]. only investigate research to predict the scale deposition 

and modeling production conditions with HOLA software, 

there has been no detailed explanation regarding the flow 

pattern that related to scaling in in geothermal wells. However, 

in this study, we can accumulate zones of scaling and the cause 

of scaling can be determined by analyzing the flow pattern, 

characteristics of the fluid, and flashing zones in geothermal 

wells. 

4. Conclusion 

Based on the results of this research conducted by the 

author, it can be concluded that: 

a) Based on Hewitt-Robert calculations, the flow pattern 

formed along the casing series of the well “X” starting 

from the casing slotted liner 10 " to the surface is an 

annular type flow pattern. 
b) Based on the simulation results using the WellSim 

software, the flow pattern type in the well “X” is the mist 

type. This means that there are differences between the 

results of manual calculation (Hewitt-Robert method) and 

software calculation (WellSim software). The flow 

pattern obtained should be a mist flow because it only 

produces steam, but because the grouping of flow patterns 

based on Hewitt Robert is only for annular flow patterns, 

the mist flow is considered the same as annular because it 

is the closest. 
c) According to the flow pattern that has been analyzed, the 

scaling is possible to be formed in the well “X”. Scaling 

can be formed along the wellbore and in the annular flow 

zone, which increases with the boiling of the fluid on the 

casing wall. 

(10) 

(11) 

(12) 
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d) Based on the analysis using the PTS graph, the zone of 

accumulation of scaling is at a depth of 1458.27 m located 

between the casing shoe slotted liners of 7” and 10 3/4”. 
e) The results of the geochemical analysis show that in the 

well “X”, scaling with calcite and silica types with 

saturation indexes of 2.54 and 0.85, respectively. It means 

that the scaling type in the well “X” is calcite scaling. 
f) In this research we applied the data as following: 

geochemical data, PTS data, well’s head pressure data, 

well’s production data, flow rate data, well’s profile data, 

and casing summary data and the outcome of the research 

we can determine flow pattern that can cause scaling and 

the flashing zone depth. In the future, in order to complete 

the study, there are some points that need to be research 

on how to prevent and clean the scaling in the wellbore 

and also from a financial and development perspective to 

provide effective and efficient results. 
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