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 الملخص 

الجيوحرارية الحرارة الأرضية(  الطاقة  تعُدُ هي طاقة حرارية تتشكل بشكل طبيعي تحت سطح الأرض.    )طاقة  أنها    كما 

ال  واحدة   المصادر  المتجددةمة  هامن  ومنللطاقات  للوقود    ،  كبديل  الكهربائية  الطاقة  إنتاج  على  قادرة  تكون  أن  المتوقع 

المستقبل.   في  الوالأحفوري  في درجة حرارة  البحث  ال  ةساسيالأث  وبحال  من  مكامنيعتبر  وتقدير    موائعلاستكشاف أصل 

الدراسة إلى    ههدف هذوتتحديد المصادر المحتملة للطاقة الجيوحرارية من الظواهر السطحية.  بهدف  ن  مكامدرجة حرارة ال

  لتنبؤ ( في آبار النفط لجاج)الماء الأُ   مُنتجَةمياه الالإبراز إمكانية استخدام التوصيفات الكيميائية مثل تركيزات الكاتيونات في  

ن الجيوحراري مثل مكموتصنيف ال   عيينالرئيسية لت  تعُدُ أحد العوامللأن درجة حرارة الماء    ، وذلكنمكمدرجة حرارة الب

عد استخدام الطاقة الجيوحرارية لتوليد الطاقة الكهربائية  يُ كما  .  لمكامن منخفضة الإنثالبي، متوسطة الإنثالبي وعالية الإنثالبيا

الرئيسية للطاقة  أحد الاستخدامات  البخار و،  كمصدر  الجيوحرارية:  الطاقة  أنواع أساسية من محطات  ذلك باستخدام ثلاثة 

  بمنطقة الواحات في الجنوب الليبي  لوافي حقل ج  ا  نفطي  اثنى عشر بئرا  تم اختيار  لقد  .  مزدوج، والوميضيالجاف، البخار ال

ال الحرارة لحساب درجة  مكملدراسة تقدير درجة حرارة  التي تمت باستخدام معادلات مقياس  الجيوحراري من الدلائل  ن 

أن التصنيف حصل  تأظهرت النتائج الم، وقد   2SiO ، وNa   ،+K  ،++Ca+كاتيونات    تركيزات  التي اشتملت علىالحرارة  

الجيوحراري للمكمن طبقا  للمصادر المنشورة لتقسيم الانثالبي فقد تم تقسيمها إلى منخفضة جدا ، منخفضة، متوسطة وعالية. 

وبناء  على هذا التقسيم فإن إمكانية توليد الطاقة الكهربائية تتباين طبقا  للقيم الجيوحرارية ومن ثمَ نظم المحطات الكهربائية.  

تعتمد   التي  كهربائيةالطاقة  التوليد    ات محط  ها فيفي الوقت الحالي وباستخدام التكنولوجيا الحالية تطبيقيمكن    وبشكلٍ عام

 كما يمكن تطبيقها في الاستخدامات المباشرة وغير المباشرة. .  على الطاقة الجيوحرارية

 

 كيميائية، توليد الطاقة.الصفات اوالم، مُنتجن، درجة حرارة، ماء مكمطاقة جيوحرارية، طاقة متجددة،  الكلمات المفتاحية:

Abstract 

Geothermal is heat energy that is naturally formed below the ground surface. It is one of the important source of 

renewable energies which is expected to be able to produce electrical power as an alternative of fossil fuels in the 

future. Reservoir temperature research is fundamental initial research to explore the origin of fluids and reservoir 

https://aaasjournals.com/index.php/ajapas/index
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temperature estimation to determine the potential sources of geothermal from surface manifestations. This study 

is aiming highlights the potentiality of utilization the chemical characterizations such as cations concentrations in 

produced water (Brine) in oil wells to predict reservoir temperature because of the degree of water temperature is 

main parameter to determine and classify the geothermal reservoir e.g. law, medium or high enthalpy.  Whereas, 

one of the key uses of geothermal energy is electric-power generation using three basic types of geothermal power 

plants: dry steam, flash steam, and binary.  Twelve producing oil wells in Jailo oilfield were selected for 

temperature estimation study of the geothermal reservoir has been carried out using geothermometer equations 

for temperature calculations involving the concentrations of Na+, K+, Ca++, and SiO2. The obtained results revealed 

that  the geothermal classification of reservoirs according to the published references using enthalpy type there 

are a different enthalpies and the geothermal of reservoir can be classified into Ultra low enthalpy, very low 

enthalpy, medium enthalpy and high enthalpy. Consequently of these classification the potentiality of electric 

power generation varies according the geothermal temperature degree and the power plant system. Generally it 

could be in the current time and with the application of current technology, geothermal energy generator electricity 

power plant can be applied and the geothermal temperature can be applied for direct and indirect geothermal 

applications. 

Keywords: Geothermal, renewable energy, reservoir, temperature, produced water, chemical characterizations, 

power generation.  

1. Introduction 

1.1. Geothermal Energy 

The term “geothermal” means “Earth heat” or “heat of the Earth”. Energy from geothermal resources has benefited 

humankind from its earliest origins. Prehistoric civilizations used hot springs and steam discharges (fumaroles) 

for cooking, heating, and therapeutic bathing; in modern terms, these uses are known as geothermal direct-use 

applications. In the United States, geothermal energy has provided affordable, reliable, and renewable energy 

since the 1890s, when the city of Boise, Idaho, began using geothermal resources for direct heating of commercial 

and residential buildings (Milliken, 2017). Since then, use of geothermal energy in the United States has expanded 

to include utility-scale electricity production, distributed heating and cooling applications, and the augmentation 

of various industrial processes. 

Geothermal energy is a renewable and alternative source of energy extracted from the heat stored below Earth’s 

surface (Aliyu, et al., 2019; Feng, et al., 2020; Avci, et al., 2020). Below Earth’s crust, a magmatic layer generates 

heat because of the continuous decay of radioactive materials such as uranium, thorium, and potassium (Nelson, 

2017; Barbier, 202; Ikshvaku, et al., 2018). Heat is transported to the surface because of the crustal movement, 

caused by convective heat transfer (Avci, et al., 2020; Santamaria, 2020), where high-temperature and -pressure 

conditions cause plastic behavior in the rocks in Earth’s mantle. Density differences lead to lighter and hotter 

portions of the mantle to move upward, heating rocks and water present in Earth’s crust to temperatures of >370 

°C (Nelson, 2017). Conduction is the primary heat transfer mechanism in Earth’s crust (Morgan, 1984) caused by 

interactions between lithospheric plates (Santamaria, 2020). Earth’s geothermal energy will last for 4–5 billion 

years, and that heat stored in 10 km of Earth’s surface holds heat equivalent to 50,000 times more energy than all 

of the world’s oil and gas reserves (Nelson, 2017). On a yearly basis, 10,000,000 GWh of heat is conducted from 

Earth’s interior to the surface (Avci, et al., 2020). 

1.1.2. Geothermal Classification 

Younger (2015) gives a proposal for the categorization of geothermal resources according to their pressure, 

temperature and enthalpy, as shown in Figure 1. The enthalpy is a property of a thermodynamic system and is 

equal to the internal energy of the system plus the product of its pressure and volume. 

 

Figure 1: Geothermal resources classification (Younger, 2015). 
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Geothermal resources may be classified as low, medium, or high enthalpy based on the geothermal resource 

temperature and thermodynamic properties. The United States Geological Survey (USGS) establishes the 

boundaries between low, medium and high enthalpy resources as <90 °C, between 90 and 150 °C and >150 °C, 

respectively (Williams, et al., 2011). Moreover, Figure 2 shows the alternative classifications proposed by other 

authors for which the criteria for each type of geothermal resource vary per the temperature. 

Medium- and low-enthalpy fluids can generate electricity by installing binary cycle power plants. A binary cycle 

power plant comprises an evaporator, expander, pump, condenser, and heat source (Tchanche, et al., 2013). 

Countries, such as Germany (Eyerer, et al., 2021; Baujard, et al., 2018; Watanabe, et al., 2017), the United States 

(Holdmann, 2007; DiPippo, et al., 2013), Indonesia (Frick, et al., 2019), (46) Austria (Pernecker and Uhlig, 2002; 

Legmann, 2003), and Portugal (Rangel, et al., 2017), have used the organic Rankine cycle (ORC), a form of binary 

cycle power generation technology, which is the primary mechanism for electrical production from geothermal 

resources. The working principle of the ORC is similar to that of the conventional Rankine cycle. However, rather 

than water, the working fluid is an organic fluid with a higher molecular mass and a lower boiling point than that 

of water (Mahmoudi, et al., 2018; Ahmadi, et al., 2020). 

 

Figure 2: Classification of geothermal resources based on temperature. Color scale from blue (ultralow enthalpy 

geothermal resource) to red (high enthalpy geothermal resource) (Williams, et al., 2011) 

1.1.3. Hydrothermal Resources 

Naturally occurring hydrothermal resources contain the basic elements of heat in the Earth, along with 

groundwater and rock characteristics (i.e., open fractures that allow fluid flow) sufficient for the recovery of heat 

energy, usually through produced hot water or steam. Hydrothermal resources can range in temperature from a 

few degrees above ambient conditions to temperatures greater than 375°C. Above this higher range, a new class 

of innovative subsurface and surface production technologies will likely be required to convert geothermal energy 

resources for beneficial use. 

 

2. Produced Water In Oilfeilds 

Water produced during oil and gas extraction operations may be called formation water, oilfield water and brine, 

and constitutes the industry’s most important waste stream on the basis of volume. Today, nearly 115 billion 

barrels per year (bbl/y) of water are produced worldwide as a by-product of oil and gas (Veil, et al., 2004). In 

average, for every barrel of oil, three barrels of water are produced from oil wells. 

2.1. Definition of Produced Water  

Produced water is water found in the same formations as oil and gas. When the oil and gas are produced to the 

surface, the produced water is brought to the surface, too. It is also referred to as “brine,” “saltwater,” or “formation 

water.” Produced water contains some of the chemical characteristics of the formation from which it was produced 

and associated hydrocarbons. 

2.2. Chemical Composition 

Because of long-time contact with the reservoir rocks and crude oil, the formation water contains a considerable 

deal of metallic salts, such as sodium salt, potassium salt, calcium salt, and magnesium salt, and for this reason, 

the formation water is also called brine. Formation water has competitively higher salt concentration that makes 

https://pubs.acs.org/doi/10.1021/acsomega.2c04374#fig1
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the formation water distinguished from the land-surface water. The total salt concentration in formation water is 

called salinity. 

Positive ions commonly encountered in formation water include Na+, K+, Ca2+, and Mg2+, and some other positive 

ions such as Ba2+, Fe2+, Sr2+, and Li+ also take a little share; the commonly encountered negative ions include 

C1−, SO42−, HCO3
−, CO32−, NO3, and Br−, as well as some trace ions. 

3. Location Of Study  

Jailo oilfield was located in the south of Libya at Oasis area (Figure 3). This study was carried out on the produced 

water of Gailo oilfield for oil producing wells to distinguish the characterizations of the water production. Also, 

the water characteristics.  

4. Study Objectives  

The objectives of this study are as following:  

(1) Describe the characteristics of produced water: constituent concentration.  

(2) Identify potential beneficial uses of produced water.  

(3) Identify constituents in produced water that exceed water quality requirements of beneficial uses. 

(4) Geothermal classification.  

(5) The potentiality of utilization of this water for electricity generation.   

 

Figure 3: A map showing wells locations of Sarir and Nafora oilfields (APICORP, 2018) . 

5. Methodology 

This study utilized several water samples in the hot water manifestation of Nafora oil field with 10 different oil 

wells of hot water because the wells is the biggest source. At each well, the temperature of hot water is measure, 

and pH is measure by a pH meter.  Also, the water samples were analyzed using the Atomic Absorption 

Spectrophotometer (AAS) method of Na, K, and SiO2 content for each water sample. From the results of the 

analysis by using the methods, Na-K, SiO2, and Na-K-Ca calculations were performed to predict reservoir 

temperature by using the following Equations (DiPippo, 2012): 

𝑇 =
1217

𝑙𝑜𝑔10
(𝑁𝑎)

(𝐾)
+1.483

− 273.15                                                                                                            (1) 

𝑇 =
1647

𝑙𝑜𝑔10
(𝑁𝑎)

(𝐾)
+𝛽[𝑙𝑜𝑔10

√(𝐶𝑎)

(𝑁𝑎)
+2.06]

− 273.15                                                                                    (2) 

𝑇 =
1309

5.19 −𝑙𝑜𝑔10(𝑆𝑖)
− 273.15                                                                                                         (3) 
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where:  

Na : sodium concentration  

K : potassium concentration  

Ca : calcium concentration  

Si : concentration of silicon  

β = 4/3, if T < 100 ◦C  

β = 1/3, if T > 100 ◦C 

6. RESULTS AND DISCUSSION 

6.1. Water Characteristics  

The investigated water samples of twelve producing wells namely GialoW1 to GialoW12 under consideration 

have been analyzed to determine their constituents for some cations, silicon oxide and pH values, and the results 

are presented in Table 1. 

Table 1: Chemical constituents of produced water . 

 

No 

 

Produced Water 

Wells 

Water Constituents 

Cations Concentration (mg/l) 

pH Na+ K+ Ca++ SiO2 

1 GialoW1 6.27 14718.34 390.50 1810.28 4.22 

2 GialoW2 6.56 7715.50 260.12 722.90 5.16 

3 GialoW3 6.48 7916.30 180.10 695.80 4.99 

4 GialoW4 6.30 8030.55 201.15 794.10 4.89 

5 GialoW5 5.94 8250.70 205.14 849.12 5.20 

6 GialoW6 6.80 14268.0 376.40 1740.10 5.88 

7 GialoW7 6.79 7998.60 235.44 634.09 6.19 

8 GialoW8 6.74 10310.90 295.11 1123.14 5.79 

9 GialoW9 6.91 10940.50 296.16 1063.18 4.32 

10 GialoW10 5.99 12366.25 320.10 1246.17 3.99 

11 GialoW11 6.45 14500.20 195.44 1040.90 4.98 

12 GialoW12 6.65 12621.32 218.40 915.88 3.86 

Range 5.94-6.91 
8030.55-

14718.34 

180.10-

390.50 

634.09-

1810.28 
3.86-6.19 

Average (𝑥) 6.49 10803.10 264.51 1052.97 4.82 

 

On other hand, the obtained results are represented graphically throughout the bar charts to distinguish the range 

of variation of these constituents through the different producing wells. It is obviously from Figures 4 through 8 

a wide variation of the studied parameters e. g. pH, Na+, K+, Ca++ and SiO2. This differences of produced water 

from well to another attributed to the chemical composition of the water. From Table 1 the measurement result of 

pH is between (5.94-6.91) with an average values of 6.49 (pH = 7). It indicated that the hot water in producing 

wells have a neutral pH. 

As a result, the produced water is deserved to use for the research of modeling and estimating geothermal reservoir 

(Maryanto, et al., 2017). The results of the contents of Na, K, Ca and SiO2 in each water sample shown in Table 

1. 
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Figure 4: pH distribution in the exanimated water samples. 

 

Figure 5: Sodium cation concentration in the water samples. 

 

Figure 6: Potassium cation concentration in the water samples. 
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Figure 7: Calcium cation concentration in the water samples 

 

Figure 8: Silicon oxide content in the water samples 

6.2. Calculation Methods 

6.2.1. Cations Na+-K+ Method Calculations 

The reservoir temperature can be estimated using both sodium and potassium cations content (Idroes, et al., 

2019) by applying Equation [1] and the obtained results are presented in Table 2. 

From Na and K contents showed that geothermal temperature estimation is the same as the data in Table 2. The 

lowest reservoir temperature is 89.77oC, and the highest reservoir temperature is 138.67oC, while the average 

temperature is 120.55oC. Na-K geothermometer method is appropriate to predict geothermal reservoir 

temperature. Rock formation arrangement positively influences the geothermal reservoir so that the reservoir 

temperature results of Na-K (Table 2) can be used as a source of heat for power generation. 

Table 2: The results of Na+-K+ cations method calculations . 

 

No 

Produced 

Water Wells 

Concentration (mg/l) Geothermal Temperature 

Estimation (T ºC) 

Geothermal Temperature 

Estimation (T ºF) Na+ K+ 

1 GialoW1 14718.34 390.50 124.66 256.39 

2 GialoW2 7715.50 260.12 138.67 281.61 

3 GialoW3 7916.30 180.10 116.16 241.09 

4 GialoW4 8030.55 201.15 121.44 250.59 

5 GialoW5 8250.70 205.14 121.03 249.85 
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6 GialoW6 14268.00 376.40 124.34 255.81 

7 GialoW7 7998.60 235.44 130.61 267.10 

8 GialoW8 10310.90 295.11 128.99 264.18 

9 GialoW9 10940.50 296.16 125.80 258.44 

10 GialoW10 12366.25 320.10 123.27 253.89 

11 GialoW11 14500.20 195.44 89.77 193.59 

12 GialoW12 12621.32 218.40 101.91 215.44 

Range 
8030.55-

14718.34 

180.10-

390.50 

89.77- 

138.67 

215.44- 

281.61 

Average (𝑥) 10803.10 264.51 120.55 248.99 

 

Figure 9 illustrates the variation of water temperature of the investigated wells, whereas the highest value was 

recorded in GialoW2 while the lowest one is recorded in GialoW11. 

6.2.2. Cations Na+-K+-Ca++ Method Calculations 

The equilibrium between feldspar Na & K, calcite, or mineral containing Ca and hot water is described on 

geothermometer Na-K-Ca. It applies hot water having high Ca content (Giggenbach, 1988). From the laboratory 

analysis of Na-K-Ca and Equation [2], it is obtained the geothermal temperature estimation that presented in Table 

3. The lowest temperature estimation is 711.42oC in GialoW11 and the highest temperature is 956.34oC in 

GialoW2with an average is 860.41oC. The bar charts of Figure 10 depicts the variance of geothermal temperature 

for the investigated wells. 

 

Figure 9: Na+-K+- geothermal temperature estimation. 

 

Figure 10: Na+-K+-Ca++ geothermal temperature estimation. 
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Table 3: The results of Na+-K+-Ca++ cations method calculations 

 

No 

Produced 

Water Wells 

Concentration (mg/l) Geothermal 

Temperature 

Estimation 

(T ºC) 

Geothermal 

Temperature 

Estimation 

(T ºF) 

 

Na+ 

 

K+ 

 

Ca++ 

1 GialoW1 14718.34 390.50 1810.28 889.51 1633.12 

2 GialoW2 7715.50 260.12 722.90 956.34 1753.41 

3 GialoW3 7916.30 180.10 695.80 821.99 1511.58 

4 GialoW4 8030.55 201.15 794.10 847.54 1552.17 

5 GialoW5 8250.70 205.14 849.12 844.39 1551.90 

6 GialoW6 14268.0 376.40 1740.10 886.15 1627.07 

7 GialoW7 7998.60 235.44 634.09 917.03 1682.65 

8 GialoW8 10310.90 295.11 1123.14 902.76 1656.97 

9 GialoW9 10940.50 296.16 1063.18 893.06 1801.51 

10 GialoW10 12366.25 320.10 1246.17 882.26 1620.07 

11 GialoW11 14500.20 195.44 1040.90 711.42 1312.56 

12 GialoW12 12621.32 218.40 915.88 772.48 1422.64 

Range 
8030.55-

14718.34 

180.10-

390.50 

634.09-

1810.28 

711.42- 

956.34 

1312.56- 

1753.41 

Average (𝑥) 10803.10 264.51 1052.97 860.41 1593.80 

 

6.2.3. Silicon Oxide (SiO2) Method Calculations 

After the analysis results of the Na-K geothermometer method, the analysis using the silica geothermometer (SiO2) 

method was then carried out. From the concentration mg/l contents (Table 4) and the use of calculation in Equation 

[3] we can get the geothermal temperature degrees: 

The obtained values of temperature reveal that the highest geothermal temperature estimation is 24.46oC, which 

is located in GialoW7, and the lowest temperature is 11.20oC for GialoW12 (Table 4). Meanwhile, the average 

temperature is 64.09oC. The data are represented graphically as shown in Figure 11. 

From those results, it cannot be used either to predict reservoir temperature because it is under surface hot water 

temperature. Where the deeper it gets, the higher the temperature obtained. According to Zheng and Zhang (2010), 

temperature increase indicates more or less 3oC/100 m. 

Table 4: The results of SiO2 method calculations. 

No 
Produced Water 

Wells 

Concentration 

(mg/l) 
Geothermal Temperature 

Estimation (T ºC) 

Geothermal Temperature 

Estimation (T ºF) 
SiO2 

1 GialoW1 4.22 13.62 56.52 

2 GialoW2 5.16 19.21 66.58 

3 GialoW3 4.99 18.26 64.87 

4 GialoW4 4.89 17.69 63.84 

5 GialoW5 5.20 19.43 66.97 

6 GialoW6 5.88 22.96 73.33 

7 GialoW7 6.19 24.46 76.03 

8 GialoW8 5.79 22.51 72.52 

9 GialoW9 4.32 14.26 57.67 

10 GialoW10 3.99 12.10 53.78 

11 GialoW11 4.98 18.21 64.78 

12 GialoW12 3.86 11.20 52.16 

Range 3.86-6.19 11.20-24.46 52.16-76.03 

Average (𝑥) 4.82 17.83 64.09 
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Figure 11: SiO2 geothermal temperature estimation. 

7. Geothermal Temperature Classification 

Geothermal resources can be sorted into low, intermediate and high enthalpy sources according to the average 

reservoir temperature (Table 5). The classes of resources depicted in Table 5 are divided subjectively according 

to different authors. The authors cited do not reach a consensus on the appropriate temperature ranges to describe 

each class of geothermal resource. In the case of a closed loop geothermal system the corrected bottomhole 

temperature of the borehole is a good estimate of the reservoir temperature, as the geothermal reservoir is the 

surrounding rock mass in this case. 

Table 5: Classification of geothermal resources by temperature. 

Resource 
Muffler & 

Cataldi, (1978) 
Hochstein, (1990) 

Benderitter & 

Cormy, (1990) 

Haenel, 1988, 

Dickson, (1990) 

Low enthalpy <90˚C 
 

<125˚C <100˚C ≤150˚C 

Intermediate enthalpy 90-150˚C 125-225˚C 100-200˚C --- 

High enthalpy >150˚C 
 

>225˚C >200˚C >150˚C 

 

Temperature and enthalpy alone cannot define properly the state of geothermal fluids. Despite that fact, 

geothermal resources are classified as high-enthalpy fields (temperature is>150˚C), medium- enthalpy fields 

(temperature is 90˚C to 150 ˚C) and low-enthalpy fields (temperature is < 90˚C) according to their reservoir fluid 

temperatures (Muffler & Cataldi, 1978; Sanyal, 2010; Rybach, 2010). Based on the obtained values from 

geothermal temperature estimation, the reservoir temperature prediction can be carried out using the recent 

references (Williams, et al., 2011 and Younger, 2015) as shown in Tables 6, 7 and 8. 

Table 6: The results of Na+-K+ cations geothermal classification 

No 
Produced 

Water Wells 

Geothermal Temperature 

Estimation (T ºC) 

Reference 

Williams, et al., 2011(see 

Figure 2) 

Younger, 2015 (see 

Figure 1) 

1 GialoW1 124.66 

Ultra low enthalpy Medium enthalpy 

2 GialoW2 138.67 

3 GialoW3 116.16 

4 GialoW4 121.44 

5 GialoW5 121.03 

6 GialoW6 124.34 

7 GialoW7 130.61 

8 GialoW8 128.99 

9 GialoW9 125.80 

10 GialoW10 123.27 

11 GialoW11 89.77 

12 GialoW12 101.91 
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Table 7: The results of Na+-K+-Ca++ cations geothermal classification. 

No 
Produced Water 

Wells 

Geothermal Temperature 

Estimation 

(T ºC) 

Reference 

Williams, et al., 2011(see 

Figure 2) 

Younger, 2015 

(see Figure 1) 

1 GialoW1 889.51 

High enthalpy High enthalpy 

2 GialoW2 956.34 

3 GialoW3 821.99 

4 GialoW4 847.54 

5 GialoW5 844.39 

6 GialoW6 886.15 

7 GialoW7 917.03 

8 GialoW8 902.76 

9 GialoW9 893.06 

10 GialoW10 882.26 

11 GialoW11 711.42 

12 GialoW12 772.48 

 

Table 8: The results of SiO2 geothermal classification. 

No 
Produced 

Water Wells 

Geothermal Temperature 

Estimation (T ºC) 

Reference 

Williams, et al., 2011(see 

Figure 2) 

Younger, 2015 

(see Figure1 ) 

1 GialoW1 13.62 

Ultra low enthalpy Very low enthalpy 

2 GialoW2 19.21 

3 GialoW3 18.26 

4 GialoW4 17.69 

5 GialoW5 19.43 

6 GialoW6 22.96 

7 GialoW7 24.46 

8 GialoW8 22.51 

9 GialoW9 14.26 

10 GialoW10 12.10 

11 GialoW11 18.21 

12 GialoW12 11.20 

 

8. Conclusion  

Based on the results of calculations that have been done, the following conclusions could be drawn: 

1. A large quantity of water were produced from oil wells. 

2. These water exhibit a wide variation of their constituents and specifications. 

3. The chemical constituents can be used as indicator for the prediction of geothermal temperatures. 

4. It is possible to use the Na-K,  Na-K-Ca and SiO2 as geothermometer to estimate reservoir temperatures.  

5. The SiO2 geothermometer, display a low values of temperature comparing with the other two methods. 

6. The geothermal classification of reservoirs according to the published references using enthalpy type 

revealed that there are a different enthalpies. 

7. Based on the enthalpy categorization the geothermal of reservoir can be classified into Ultra low 

enthalpy, very low enthalpy, medium enthalpy and high enthalpy. 

8. Consequently of these classification the potentiality of electric power generation varies according the 

geothermal temperature degree and the power plant system. 

9. However, the geothermal temperature can be applied for direct and indirect geothermal applications. 
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