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Abstract

:

The Dabei deep high-pressure condensate gas field occupies the paramount position in the Tarim Oilfield in China, the exploration and developments of which have been progressing. Since the initial development, the wax deposition and plugging in the wellbore and gathering pipeline have been the most bothering issues, resulting in the reduction or even shutdown of condensate gas well production. Therefore, the wax appearance temperature of Dabei condensate oil was studied using the capillary viscometer, differential scanning calorimetry (DSC), and polarizing microscope observation. The wax content was tested by using the DSC and crystallization separation test method. Finally, the wax appearance temperatures of degassed condensate oil and equilibrium condensate oil under different pressures were tested. Experimental results show that the wax appearance temperature measured by polarizing microscope observation was higher than that measured by the DSC and capillary viscometer, the lag of which can be recorded as the cloud point. The wax appearance temperature measured by polarizing microscope observation is of high accuracy. Secondly, the DSC method is not sufficient for measuring wax precipitation at low temperatures, showing a lower wax content than the crystallization separation test method. Thus, the wax content of Dabei condensate oil can be better measured by using the crystallization separation test method. Additionally, the wax precipitation law of equilibrium condensate oil is opposite to that of degassed condensate oil. The wax appearance temperature of equilibrium condensate oil increases as the pressure decreases. The results of wax appearance temperature of equilibrium condensate oil provide a useful and quick index to judge the potential risk of wax precipitation in the Tarim Oilfield, which can provide an efficient strategy for the development of waxy condensate gas reservoirs and the optimization of wax prevention and treatment technology.
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1. Introduction


The Kuqa depression is one of the most important natural gas bases of the West to East Gas project in China, which is located in the north of the Tarim Basin. Bozi, Dabei, and other blocks are rich in condensate gas resources. Owing to the phase changes during the development, a huge amount of waxy condensate oil often generates during gas production, causing severe wax plugging of condensate gas wells [1,2]. Dabei and Bozi condensate fields are the dominant blocks in Kuqa, which experience severe wax deposition and plugging in the wellbore and pipeline (Figure 1), leading to a declining supply of natural gas.



To reduce or avoid wax plugging in the wellbore, it is necessary to figure out the wax appearance temperature [3,4,5]. This wax appearance temperature is often used to determine the critical conditions for wax crystal precipitation of waxy fluids. Currently, the commonly used experimental methods include viscometer, differential scanning calorimetry (DSC), polarizing microscope observation, laser, and ultrasonic. Mark et al. [6] used cross-polarized microscopy to monitor changes in wax crystal size and morphology. Japper et al. [7] compared wax appearance temperatures obtained using micro differential scanning calorimeter, cross-polarized microscopy, and controlled stress rheometer and discussed the effects of cooling rate on the wax appearance temperature and wax aggregation. Hans et al. [8], Mustafa et al. [9] measured the wax appearance temperatures of crude oils using viscometer, DSC, and polarizing microscope observation. They found that a capillary viscometer and DSC were likely to underestimate the onset temperature of initial wax deposition. Moreover, they tested the wax appearance temperature of crude oil using different experimental methods, while the abovementioned experiments were conducted under atmospheric pressure. Meray et al. [10], Hammami et al. [11], and Jiang et al. [12] used laser and ultrasonic methods to study the wax appearance temperature of crude oil saturated with gas. This method can test the wax appearance temperature under a high pressure; however, the formation of wax crystals cannot be observed. Wang et al. [13] used the self-designed microscopic solid deposition tester to analyze the wax precipitation characteristics of condensate gas wells in the Bozi block of Tarim; however, the wax appearance temperature test results were unable to identify the wax precipitation risk of field wellbore or surface pipeline. Juyal et al. [14] tested wax precipitation on condensate oil by using high-pressure DSC, and the wax appearance temperature obtained under the high-pressure conditions showed a certain hysteresis.



Although there are several methods for the wax appearance temperature measurement, the accuracy of the experimental results varies. Specifically, a unified understanding is lacking in the wax appearance temperature testing methods for waxy condensate oil in condensate gas fields, and a method for testing the condensate under high pressure is needed. To solve the wax problems of the condensate oil of the Dabei condensate gas field, different experimental methods were used to test the wax appearance temperature and wax content, and the accuracy and applicability of each test method were evaluated. Finally, an efficient method combining the field production data to judge the risk of wax precipitation was proposed. This study provides an efficient strategy for the development of waxy condensate gas reservoirs and the optimization technology of wax prevention.




2. Experiment


2.1. Experimental Samples


The experimental samples are obtained from the condensate oil from wells A and B in the Dabei condensate gas field. To understand the basic properties of the test condensate oil, we tested the components using a gas chromatograph, and the results are shown in Table 1. The wax, resins, and asphaltenes contents of condensate oil are tested using the standard SY/T 7550-2012 determination of wax, resins and asphaltenes in crude oil, which is called the crystallization separation test method [15]. The experiment proceeds as follows: (a) Use n-heptane to dissolve the condensate oil and precipitate asphaltene, then use toluene to dissolve asphaltene and remove the solvent to obtain the asphaltene content. (b) When the temperature drops to −20 °C, the wax content in crude oil is determined using freezing crystallization method, and the resin content is calculated by subtracting wax and asphaltene content. The results are shown in Table 2. The heavy components of the Dabei condensate oil are high, and the C11+ components exceed 69%. In addition, the content of wax and resins is high while the content of asphaltenes is extremely low. According to the classification standard for wax content of crude oil (low wax crude oil with wax content of 0.5–2.5%, medium wax crude oil with a wax content of 2.5–10%, and high wax crude oil with a wax content exceeding 10%), the experimental condensate oil falls under medium wax crude oil and low resin oil. The organic macerals of source rocks in the Dabei block are mainly exinite and sapropelinite, and the contents of vitrinite and inertinite are low. They lead to medium wax content and low asphaltene content of the Dabei condensate oil [16].




2.2. Experimental Instruments and Process


Figure 2 shows the sketch for condensate gas PVT and wax precipitation process. The experiments mainly include tests for dew point pressure, constant mass expansion, and degassed and equilibrium condensate oil wax precipitation. The degassed condensate oil is obtained after flash separation; the equilibrium condensate oil is separated during constant mass expansion and pressure reduction, and so is the saturated condensate gas. Several experimental determination methods can be used for condensate oil wax precipitation, among which the three common and simple experimental methods are the capillary viscometer, DSC, and polarizing microscope observation. Herein, these methods are used to test the condensate oil wax precipitation of wells A and B to obtain the corresponding wax appearance temperature or wax precipitation amount, and the accuracy of these methods is studied.



	(1)

	
Capillary viscometer method: The experimental instrument is an Ubbelohde glass capillary viscometer, and the inner diameter of the capillary is 0.63 mm. The capillary viscometer method can determine the wax appearance temperature by measuring the viscosity–temperature curve during the cooling of crude oil. With reference to the method adopted in GB/T 30515-2014 [17], the experiment proceeds as follows: (a) When the liquid flows in an upright capillary at experimental temperature, its viscosity is proportional to the flow time. (b) The viscosity of the condensate can be obtained by measuring the time that the condensate flows out of the viscometer. (c) Changing the experimental temperature to obtain the corresponding viscosity under different temperature conditions. (d) When wax crystals precipitate in the crude oil, the slope of viscosity–temperature curve begins to increase, and this point is identified as the wax appearance temperature.




	(2)

	
DSC method: The experimental instrument is a Mettler Toledo DSC823 thermal analyzer with sensitivity of 0.04 μw. The measuring temperature range is −50–700 °C, and the temperature accuracy is ±0.02 °C. In this method, air is selected as the reference material. When no wax precipitation occurs in the waxy condensate oil, the condensate oil and air change according to the programmed temperature, and their difference is ΔT = 0. When the temperature is lower than the wax appearance temperature, the latent heat of crystallization in the condensate oil is released, causing a change in the temperature difference between the condensate oil and air. To maintain the temperature difference ΔT = 0, the instrument automatically supplements the temperature and expresses it in the form of heat flow. With reference to the standard SY/T0545-2012 determination of thermal characteristic parameters of wax precipitation in crude oil using DSC [18], the experiment proceeds as follows: (a) The crude oil sample is heated to above the wax appearance temperature and then cooled at a constant rate. (b) The differential heat flow of the sample and reference material at each temperature are monitored. A relationship curve is drawn between differential heat flow and temperature, which is called the wax precipitation DSC curve. (c) When wax crystals precipitate, the DSC curve deviates from the original baseline to form an exothermic peak. (d) When the temperature drops to −20 °C, all the wax crystals reach a stable solid phase and wax precipitation is completed.




	(3)

	
Polarizing microscopic observation: The experimental instrument is a self-designed wax crystal high-pressure visual microscope. The test temperature range is −30–300 °C, and the maximum test pressure is 100 MPa. The polarizing microscope can be used to observe roughly 1 micron crystal size. Among all wax appearance temperature testing methods, polarizing microscope observation is the only one that can directly observe the entire process of wax precipitation. The principle is to observe the precipitation using the optical property of double refraction of the wax crystal. With reference to the standard SY/T0521-2008 microscopic observation method for the determination of wax appearance temperature of crude oil [19], the experiment proceeds as follows: (a) The crude oil sample is placed on the microscopic observation platform for heating, and the wax is melted in the crude oil completely and then cooled at a constant cooling rate. (b) When small wax crystals first appear in the image acquisition system, the crude oil temperature at this point is the wax appearance temperature.









3. Experimental Results and Discussion of Wax Precipitation


3.1. Capillary Viscometer Method


Figure 3 shows the viscosity–temperature curve of the Dabei condensate oil tested using the Ubbelohde glass capillary viscometer. When the temperature decreased from 53.45 °C to 16.75 °C, the slope of viscosity–temperature curve clearly increased in the range of 20–30 °C. After the numerical derivation of the test data points, the maximum point of slope change was the wax appearance temperature of the condensate oil, which was 24.8 °C for well A and 25.3 °C for well B.




3.2. Differential Scanning Calorimetry (DSC) Method


Figure 4 shows the results of the wax precipitation of the Dabei condensate oil tested using the Mettler Toledo DSC823 thermal analyzer. When the temperature decreased from 76.5 °C to −22 °C, the point on the DSC curve that deviated from the baseline was the wax appearance temperature of the waxy condensate oil, which was 22.55 °C for well A and 23.65 °C for well B.



After the DSC thermograms of the two wells are obtained from the experimental test, the wax precipitation amount can be further calculated. Figure 4 shows that the inverse extension of the straight line above the wax appearance temperature of the two wells is considered the baseline, which is integrated with the peak area enclosed by the DSC curve to obtain the wax precipitation enthalpy of the sample. The wax content of crude oil is the ratio of its precipitation enthalpy to the average crystallization heat, which is taken as 200 J/g [20,21]. Considering the wax appearance temperature as the initial temperature, the curve of wax precipitation amount per unit temperature drop (1 °C) and cumulative wax precipitation amount with temperatures of the two wells is obtained, as shown in Figure 5 As the temperature decreases, the unit temperature drop of the condensate oil wax precipitation amount first increases and then decreases, and the cumulative wax precipitation amount first slowly increases, then rapidly increases, and finally tends to plateau. Table 3 shows the characteristic parameters of condensate oil wax precipitation. The wax contents of wells A and B are 4.48% and 3.96%, respectively.




3.3. Polarizing Microscope Observation Method


The wax appearance temperature of the Dabei condensate oil is tested by using the self-designed wax crystal high-pressure visual microscope observer, as shown in Figure 6 and Figure 7. The temperatures of the condensate in wells A and B start to decrease from 55 °C; the wax in the crude oil is completely melted at this point, and no wax crystals are observed in the polarizing microscopic image. With the decrease of temperature, wax crystals in the condensate oil begin to precipitate. The wax appearance temperature of condensate oil in well A and well B is 32.4 °C and 34.1 °C, respectively.





4. Comparison of Wax Precipitation Test Methods


Table 4 shows the wax appearance temperatures obtained through the three wax precipitation test methods. The wax appearance temperature measured using the polarizing microscope is approximately 10 °C higher than that measured using DSC, and approximately 8 °C higher than that measured using the capillary viscometer.



The accuracy and applicability of the three methods are further clarified. The wax crystals begin to precipitate observed by the polarizing microscope method and then continue to cool down, as observed in polarizing microscopic images of the wax appearance with temperature measured using the capillary viscometer and DSC. Figure 8 and Figure 9 show the comparison of the polarizing microscopic images corresponding to the wax appearance temperatures measured using the three test methods. More wax crystals can be observed when the temperature decreases to the wax appearance temperature measured by the capillary viscometer and DSC.



According to the experimental testing principle of wax appearance temperature, the testing methods can be divided into the direct and indirect methods. The former includes polarizing microscope observation, while the latter includes the capillary viscometer, DSC. Table 5 shows the characteristics of each test method. Wax appearance temperature is defined as the point at which the crystals in the waxy fluid begin to precipitate. The wax appearance temperature measured using the capillary viscometer and DSC can be recorded as cloud point, defined as the temperature at which the condensate oil is cooled to the beginning of turbidity [22]. The wax appearance temperature obtained through indirect testing (capillary viscometer and DSC) is the cloud point, and thus, the measurement using the polarizing microscope observation method is of high accuracy.



Table 6 shows that there is a major difference in the wax content between DSC and crystallization separation test methods. The wax content measured using DSC is lower than that measured using the crystallization separation test method.



In summary, the polarizing microscope observation method can be used to test the wax appearance temperature of the Dabei condensate oil, and the crystallization separation test method could be used for testing the wax content of the Dabei condensate oil instead of the DSC.




5. Wax Appearance Temperature Test of Condensate Oil under Different Pressures


The comparison of wax appearance temperature test methods shows that the polarizing microscope observation is of the highest accuracy. At the same time, the polarizing microscope observation method can directly study the wax appearance temperature of condensate oil under high pressure. The following is the wax appearance temperature test of degassed and equilibrium condensate oils under different pressures. The degassed condensate oil is the condensate oil after flash separation. The test pressure ranges from the wellhead tubing pressure to atmospheric pressure, and the results show that the dew point pressures of wells A and B are 35.63 MPa and 40.55 MPa, respectively. The equilibrium condensate oil separates during constant mass expansion for the wax appearance temperature test, and the experimental test pressure ranges from dew point pressure to atmospheric pressure. Table 7 shows the wax appearance temperature data of the experimental test, and Figure 10 compares the experimental results.



The wax precipitation law of degassed condensate oil is the opposite of that of equilibrium condensate oil. The wax appearance temperature of the degassed condensate oil increases linearly as the pressure increases, indicating that the higher the pressure, the easier the wax precipitation of the degassed condensate oil. The wax precipitation temperature range of the degassed condensate oil in wells A and B at 70–0.1 MPa is 45.7–32.4 °C and 46.6–34.1 °C, respectively.



The wax appearance temperature of equilibrium condensate oil decreases as the pressure increases. The main reason for this is that the higher the pressure, the more dissolved gas is in the equilibrium condensate oil, and the solubility of wax crystals in equilibrium condensate oil increases, which does not easily lead to wax precipitation. The wax precipitation temperature range of equilibrium condensate oil in well A is 25.8–32.4 °C at 35–0.1 MPa, and that of equilibrium condensate oil in well B is 26.2–34.1 °C at 40–0.1 MPa.




6. Field Application


According to the results obtained by testing the equilibrium condensate oil under different pressures, the corresponding wellhead and behind the choke wax appearance temperature can be obtained by interpolating the tubing and back pressures (pressure of the ground oil pipeline close to the oil tree). The discrimination diagram of the two wells can be obtained by combining the dew point pressures, as shown in Figure 11, Figure 12, Figure 13 and Figure 14.



With the progress of production, the tubing pressures of wells A and B continuously decrease until they are lower than the dew point pressure, and an equilibrium condensate oil interval occurs at the wellhead in Figure 11 and Figure 12. Figure 11 shows that the wellhead temperature is higher than the wax appearance temperature in the equilibrium condensate oil precipitation area of well A after 23 October 2020, and thus, condensate oil precipitates instead of wax. However, under the current production system, the temperature is very close to the wax appearance temperature at the wellhead. If the wellhead temperature further decreases, a risk of wax plugging occurs. Figure 12 shows that, the wellhead temperature is probably lower than the wax appearance temperature in the equilibrium condensate oil precipitation area of well B after 26 February 2018, and thus, a risk of wax precipitation plugging can be triggered.



Figure 13 and Figure 14 show that the temperature behind the choke of wells A and B is always lower than the dew point pressure, and thus, condensate oil precipitation occurs. Comparing the temperature behind the choke with that of the wax appearance, we can obtain a wax precipitation interval behind the choke. Figure 13 shows that in well A, the temperature behind the choke is probably lower than the corresponding wax appearance temperature after 9 October 2019, and thus, wax precipitates in the gathering and transmission pipelines behind the choke. Figure 14 shows that in well B, the temperature behind the choke always fluctuates above and below that of the wax appearance since its production, and a risk of wax plugging occurs in the gathering and transmission pipelines behind the choke. However, for wells A and B, the field production data show no wax plugging in the gathering and transmission pipelines of the two wells. The reason is the different conditions of wax precipitation and deposition. Under a certain condition, wax precipitation may not necessarily lead to wax deposition, which may not completely plug the flow pipe. If the well is operated for a long time under conditions of wax precipitation, the gathering and transmission pipelines behind the choke are plugged by wax deposition. Therefore, wax prevention measures are necessary, and wax removal must be conducted regularly. Since the well has been put into production, the temperature behind the choke has always fluctuated above and below the wax appearance temperature, and thus, a risk of wax plugging occurs in the gathering and transmission pipelines behind the choke.




7. Conclusions and Future Work


7.1. Conclusions


	(1)

	
The Dabei condensate oil is rich in heavy components, more than 69% of C11+ components, moderate wax, and resins and less asphaltenes. The wax appearance temperature test can be divided into direct and indirect methods. The polarizing microscope observation can be regarded as the direct method, and the other methods are the indirect methods. The wax appearance temperature measured using the indirect method can be regarded as the cloud point. The wax appearance temperature measured using the polarizing microscope observation method is more accurate, and the polarizing microscope observation can be used to measure the wax appearance temperature of the Dabei condensate oil.




	(2)

	
The wax contents of wells A and B measured using the DSC method are 4.48% and 3.96%, respectively, and those measured using the crystallization separation test method are 9.01% and 6.78%, respectively. The DSC adopts continuous cooling, which leads to insufficient wax precipitation of the Dabei condensate oil. This results in the wax content tested using DSC being lower than that of the one using crystallization separation test method.




	(3)

	
The wax precipitation temperature of the equilibrium condensate oil increases with pressure drop. The lower the pressure, the faster the wax precipitation temperature rises. The wax precipitation law of the equilibrium condensate oil is opposite to that of the degassed condensate oil. The reason can be that more gas would dissolve in the equilibrium condensate oil under a higher pressure, which could prevent wax precipitation.




	(4)

	
Although wax precipitates in the wellbore and gathering pipeline, wax deposition does not necessarily occur. Even if wax deposits occur, pipeline plugging does not necessarily occur completely. Whether it is the wellbore or gathering and transmission pipelines, long-term production under the condition of wax precipitation could lead to wax deposition and plugging, and thus, wax prevention measures and regular wax removal are necessary.








7.2. Future Work


This research has completed laboratory wax precipitation testing of condensate oil and applied the results to judge the wax precipitation potential risk in the wellbore and gathering pipeline. The conclusions could be useful for future researchers selecting lab testing methods for wax deposition in various condensate oil samples. Finally, research efforts to optimize wax prevention and treatment technology according to the wax deposition testing results will continue in the future.
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Figure 1. Tectonic unit map of Bozi and Dabei blocks in the Tarim Oilfield and wax plugging condition. 
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Figure 2. Condensate gas PVT and wax precipitation tests. 
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Figure 3. Viscosity–temperature curve of the Dabei condensate oil. 
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Figure 4. DSC thermogram of the Dabei condensate oil. 
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Figure 5. Wax precipitation amount curve of the Dabei condensate oil. 
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Figure 6. Polarizing microscope observer test results of Dabei well A: (a) starts to cool (55.0 °C); (b) starts to precipitate (32.4 °C). 
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Figure 7. Polarizing microscope observer test results of Dabei well B: (a) starts to cool (55.0 °C); (b) starts to precipitate (34.1 °C). 
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Figure 8. Experiment diagram of wax appearance temperature obtained by three test methods of Dabei well A: (a) polarizing microscope; (b) capillary viscometer; (c) DSC. 
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Figure 9. Experiment diagram of wax appearance temperature obtained by three test methods of Dabei well B: (a) polarizing microscope; (b) capillary viscometer; (c) DSC. 
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Figure 10. Wax precipitation temperature obtained by testing degassed and balance condensate oils under different pressures. 
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Figure 11. Discrimination diagram of wax precipitation at the wellhead of well A. 
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Figure 12. Discrimination diagram of wax precipitation at the wellhead of well B. 
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Figure 13. Discrimination diagram of wax precipitation behind the choke of well A. 
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Figure 14. Discrimination diagram of wax precipitation behind the choke of well B. 






Figure 14. Discrimination diagram of wax precipitation behind the choke of well B.
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Table 1. Components of the Dabei condensate oil.






Table 1. Components of the Dabei condensate oil.





	
Dabei Well A

	
Dabei Well B




	
Components

	
Molar

Composition

(mol%)

	
Components

	
Molar

Composition

(mol%)






	
C2

	
0.160

	
C2

	
/




	
C3

	
0.034

	
C3

	
0.070




	
IC4

	
0.044

	
IC4

	
0.060




	
NC4

	
0.089

	
NC4

	
0.136




	
IC5

	
0.170

	
IC5

	
0.204




	
NC5

	
0.177

	
NC5

	
0.219




	
C6

	
0.842

	
C6

	
1.076




	
C7

	
4.317

	
C7

	
4.790




	
C8

	
5.977

	
C8

	
9.910




	
C9

	
6.27

	
C9

	
6.954




	
C10

	
6.325

	
C10

	
7.457




	
C11+

	
75.595

	
C11+

	
69.124
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Table 2. Wax, resins, and asphaltenes contents in the Dabei condensate oil.






Table 2. Wax, resins, and asphaltenes contents in the Dabei condensate oil.





	Experimental Sample
	Wax Content

(w%)
	Resins Content

(w%)
	Asphaltenes Contents

(w%)





	Dabei well A
	9.01
	2.24
	0.74



	Dabei well B
	6.78
	3.14
	0.07
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Table 3. Characteristic parameters of condensate oil wax precipitation.






Table 3. Characteristic parameters of condensate oil wax precipitation.





	Well Name
	Temperature Corresponding to Maximum Wax Precipitation Rate

(°C)
	Maximum Wax Precipitation Amount per Unit Temperature Drop

(%/°C)
	Wax Content

(%)





	A
	7.55
	0.18
	4.48



	B
	8.65
	0.16
	3.96
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Table 4. Comparison of wax appearance temperatures obtained through three methods.






Table 4. Comparison of wax appearance temperatures obtained through three methods.





	Well Name
	Wax Appearance Temperature by DSC

(°C)
	Wax Appearance Temperature by Capillary Viscometer

(°C)
	Wax Appearance Temperature by Polarizing Microscope

(°C)





	A
	22.55
	24.8
	32.4



	B
	23.65
	25.6
	34.1
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Table 5. Characteristics of various wax precipitation test methods.






Table 5. Characteristics of various wax precipitation test methods.





	
Test Method for Wax Appearance Temperature

	
Characteristics






	
Direct testing method

	
Polarizing microscope observation

	
The initial precipitation temperature of wax crystal can be observed directly.




	
Indirect testing method

	
Capillary viscometer

	
Sufficient wax crystals must be precipitated, such that the viscosity can obviously deviate from the normal change trend with the decrease of temperature, and the viscosity–temperature curve can have an obvious turning point.




	
DSC

	
When a certain amount of wax crystals are precipitated, the thermal effect changes, and the differential heat flow of crude oil sample and reference material can be formed. At this point, the DSC curve deviates from the original baseline and forms an exothermic peak.
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Table 6. Comparison of wax content obtained using different test methods.






Table 6. Comparison of wax content obtained using different test methods.





	Well Name
	Wax Content Tested by DSC (%)
	Wax Content Tested by Crystallization Separation Test Method (%)





	Well A
	4.48
	9.01



	Well B
	3.96
	6.78
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Table 7. Wax precipitation temperature obtained by testing degassed and equilibrium condensate oils under different pressures.






Table 7. Wax precipitation temperature obtained by testing degassed and equilibrium condensate oils under different pressures.





	
Condensate Oil Type

	
Well A

	
Well B




	
Pressure

(MPa)

	
Solution Gas-Oil

Ratio (S m3/m3)

	
Wax Precipitation Temperature (°C)

	
Pressure

(MPa)

	
Solution Gas-Oil

Ratio (S m3/m3)

	
Wax Precipitation Temperature (°C)






	
Degassed condensate oil

	
0.1

	
0

	
32.4

	
0.1

	
0

	
34.1




	
10

	
0

	
34

	
10

	
0

	
35.9




	
20

	
0

	
36.3

	
20

	
0

	
37.8




	
30

	
0

	
37.6

	
30

	
0

	
39.6




	
40

	
0

	
39.4

	
40

	
0

	
41.3




	
50

	
0

	
41.3

	
50

	
0

	
43.1




	
60

	
0

	
43.3

	
60

	
0

	
44.8




	
70

	
0

	
45.7

	
70

	
0

	
46.6




	
Equilibrium condensate oil

	
0.1

	
0

	
32.4

	
0.1

	
0

	
34.1




	
5

	
25.8

	
31.6

	
5

	
38.3

	
33.4




	
10

	
59.4

	
30.3

	
10

	
75.8

	
32.2




	
20

	
120.6

	
28.4

	
20

	
133.2

	
30.3




	
30

	
219.1

	
26.5

	
30

	
240.4

	
28.5




	
35

	
264.2

	
25.8

	
40

	
322.5

	
26.2
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