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Abstract: In this study, the formation of natural gas liquid in gas distribution lines, particularly at
regional stations, service boxes, customer installations, and gas meters, was investigated. The study
aims to address the problems associated with natural gas liquid formation, such as interruption of
supply and decreased efficiency of combustion devices. The indirect measurement of the hydrocarbon
dew point was analyzed using C6+ chromatograph data, and the model based on directly measured
C6+ data were converted into C6/C7/C8 data by four different methods. As distinct from studies
in the literature, this study experimentally determines the distribution of heavy hydrocarbons from
C9 to C19 based on indirect methods for acquiring C8+ data and direct measurement of C6+ data.
The hydrocarbon dew point temperature was calculated using the Peng–Robinson (PR) and Soave–
Redlich–Kwong (SRK) equations of state. The results of the analysis performed on two city gate
stations showed that the critical temperatures were 4.21 ◦C at a pressure of 10.81 bar and 8.27 ◦C at a
pressure of 11.25 bar, respectively. These values were obtained from a model designed to determine
the dew point temperature in the area where natural gas liquid formation was most prevalent.
The experimental analysis and indirect measurements indicated the occurrence of a two-phase
gas–liquid formation.

Keywords: hydrocarbon dew point; natural gas liquids; C6+ hydrocarbon splits

1. Introduction

Natural gas, a significant energy source, is extracted from underground wells and
is often a by-product of crude oil production. Initially, the extracted natural gas, which
contains various gases, particles, and water, is transferred to a central processing unit via
collection pipes and compressors. The processing unit removes acid gases, separates phases,
dries the gas, and adjusts its composition. The cleaned natural gas is then transported to
the delivery region and delivered to the end-user through various methods [1].

Natural gas, brought to city gate stations through high-pressure transmission lines, is
reduced to the network pressure and delivered to large consumers such as regional stations,
power generation facilities, and factories, through steel pipelines. The pressure from the
district stations is reduced, and the natural gas is then distributed to residential, industrial,
and commercial consumers through a polyethylene distribution network. An example of
natural gas distribution line user distributions can be seen in Figure 1.

Natural gas, which is supplied to RM-A station from BOTAS with a pressure range
of 35–70 bar through pipelines, undergoes preheating and pressure reduction to 20 bar at
the RM-A station. The natural gas is then dispersed from the RM-A station through steel
pipelines to locations with industrial and residential consumers. After entering the inner-
city RM-B stations at a pressure range of 12–20 bar, it is distributed through polyethylene
lines at 4-bar levels. The natural gas transported to the end-user service boxes through
polyethylene lines at 1–4 bar pressure can be further reduced to 21 or 300 mbar, providing
gas supply to the consumers [2].
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The increasing value of natural gas relative to natural gas liquids (NGLs) has led
to a decrease in the economic importance placed on the separation of NGLs during the
liquefaction process. This has made it necessary for companies that handle the transmission
and distribution of gas to continuously monitor and regulate the Hydrocarbon Dew Point
(HCDP) in their pipelines. NGLs, produced as a by-product of the liquefaction of heavy
hydrocarbons in natural gas, pose a significant risk to the delivery network. They can
cause measurement errors and energy losses and negatively impact end-users, through, for
example, excessive burning in appliances. Hence, it is imperative to monitor and control
the presence of NGLs in the natural gas industry to ensure safe and efficient delivery of
natural gas to end-users [3].

1.1. Literature Review

According to a research article published by Questar Pipeline Company, the presence
of natural gas liquids in transmission pipelines has seen an increase, which has been
accompanied by a decline in the price difference between natural gas and natural gas
liquids. This shift has led to an increased focus on the monitoring of the HCDP by pipeline
companies in order to ensure the safety and reliability of the system. The study explored
both indirect and direct methods for the determination and implementation of HCDP
in pipelines. A direct method, the Chilled Mirror method, was used to measure HCDP
directly on the pipeline, and these measurements were compared with indirect HCDP
temperature data obtained by analyzing the composition data from a chromatograph,
calculated using state equations [4]. In the article by Barbosa, the HCDP was investigated
by utilizing both direct and indirect methods. Based on the results of these measurements,
recommendations were proposed for selecting the appropriate method to detect HCDP [5].
In the study conducted by Benton, the effectiveness of various methods for detecting
HCDP in natural gas transmission pipelines was compared. The study compared the
Chilled Mirror method and indirect measurement method with automatic dew point
detection methods. The results showed that the use of automatic measuring devices
was more efficient in determining HCDP with a high sensitivity. The increasing demand
for natural gas highlights the importance of accurate HCDP determination in ensuring
the safety and reliability of the gas transmission system [6]. In the study conducted by
Aniefiok and Boniface, the hydrocarbon dew point temperature, which plays a crucial
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role in pipeline operation, was determined using the equation of state (EOS) and gas
chromatography analysis methods. The study outlines a method for determining the
composition of the C6/C7/C8 components of C6+ data, including the calculation of specific
gravity through iteration [7]. In the study by Aniefiok, the limitations of C6+ separation
methods in determining the composition of natural gas liquids for the prediction of HCDP
temperature were explored. Three different methods of C6+ decomposition were applied,
utilizing PR and SRK state equations, and the results were analyzed using HYSYS. The
study found that the HCDP temperature was ranked differently among the models created,
with variations in the 50/25/25, 47/26/17, and 60/30/10 splitting ratios [8]. In the article
by E. Voutsas, the aim was to determine the dew points of gas condensate mixtures using
thermodynamic modeling. The significance of accurate and robust phase equation models
for the oil and natural gas industry was highlighted. The UMR-PRU equation of state was
applied and compared with the commonly used cubic models PR and SRK, as well as the
non-cubic PC-SAFT equation of state. The model was evaluated on both synthetic and real
gases, and it was found that the UMR-PRU equation of state provides a precise prediction
of the dew point and liquid formation point of gas condensates [9]. In the study conducted
by Pu Zhang, it was highlighted that there is a scarcity of data on hydrocarbon dew point
measurements, leading to uncertainty in existing models. In order to address this, the
study aimed to establish a new model using a dataset of approximately 1000 hydrocarbon
dew point measurements. The dataset was modeled using eight known equations of
state, including SRK, SRK-Twu, PR, and GERG-2008. The results showed that there were
significant deviations in the high-pressure region above 6 MPa, compared to the low-
pressure region below 6 MPa. Among the models tested, GERG-2008 performed best for
synthetic gases, with a deviation of 1.44 ◦C. For real gases, the PSRK and SRK-Twu models
showed the best performance, with an average deviation of 2.5 ◦C. These results were
discussed in the study [10]. In the study conducted by Mu and Cui in 2018, the hydrocarbon
dew points of eight synthetic natural gas mixtures were measured using the Isothermal
Pressure Search method and high-pressure transparent sapphire cells. The experimental
temperature range was from 234.5 K to 295.35 K, and the pressure range was from 1.706 MPa
to 11.495 MPa. The results were used to evaluate the prediction performance of the SRK
and PR equations of state. The findings showed that the cricondentherm and cricondenbar
decreased as the concentration of methane increased. Conversely, the cricondentherm and
cricondenbar increased with increasing concentrations of other hydrocarbon components,
such as ethane and C3+. The results indicated that a 0.98% molar change in N-pentane
concentration resulted in a 22 K decrease in the critical condensation temperature and
a 1.9 to 2.7 MPa decrease in the cricondenbar. The PR method showed mean absolute
deviations of 0.79–1.53% with the experimental data, while the SRK method showed
clear deviation from the measured values [11]. In the study by Di Fan, a method for
tracking the composition of natural gas in pipe networks was developed. The method
combines hydraulic simulation and heat transfer modeling, utilizing a specialized grid
system to accurately predict gas composition in real-time. The method includes simulation
of transient flow, tracking of gas composition, and calculation of relevant parameters. The
results show accurate predictions of gas composition and reliable simulation of transient
flow. However, care must be taken when considering the effects of LNG/H2 injection into
the network [12]. A new model for tracking the gas composition in a transportation network
has been introduced by Bermúdez. The model involves a system of differential equations
and is coupled with a flow model to maintain mass conservation of each species. The
validity of the model was tested on a real network and the results were in good agreement
with actual measurements [13]. In the study by the Mechanical Engineering Department
of the Eindhoven University of Technology, a 32-component Russian gas is modeled to
study the formation of a liquid film layer. Based on soil temperature, the formation rate is
estimated to be between 4.5 to 6 mm/year. The study utilizes the Aspen HYSYS to model
the formation of the liquid film layer under various conditions, and the results indicate that
the C12/C13/C14 layer is primarily affected [14]. In the study by Bullin, the determination
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of the hydrocarbon dew point was investigated through the use of the Chilled Mirror and
indirect methods. The study involved the addition of 0.45 m3/h of liquid, and the results
indicated that phase change and condensate formation were not observed at this level.
The analysis conducted in the study focused on determining the dew point through these
detection methods [15]. In the study conducted by Navarro-Ochoa and Figueredo-Medina,
the critical temperature parameters of Colombian natural gas were determined. According
to the Colombian regulations for natural gas transmission, the cricondentherm must not
exceed 7.2 ◦C. However, the study suggests that a different cricondentherm limit could
be proposed for the Caribbean coast based on the weather conditions. An investigation
was conducted in the study on the methods of determining hydrocarbon dew points in
gas transmission lines globally, and a thermodynamic and hydraulic study was developed
considering the weather conditions on the Caribbean coast. The PR was utilized as the
thermodynamic model in the study. The unprocessed natural gas composition from three
different gas wells was used as reference. Based on the results, it was concluded that a
new critical condensing temperature was determined to be between 10–12.6 ◦C due to the
hot weather conditions in Colombia [16]. The study by M.S. Shah aimed to determine the
hydrocarbon dew point of natural gas resources in different locations in Bangladesh in
order to avoid hydrocarbon condensation. To achieve this, experiments were conducted to
determine the effects of sample volume, chamber temperature, and sample conditioning
on the measured dew points. The results showed that there was no effect from sample
volume or sample conditioning, but the chamber temperature was observed to have a
slight effect of approximately 0.9 ◦C on the measured dew points. The findings highlight
the importance of carefully controlling the conditions during the measurement process to
accurately determine the hydrocarbon dew point [17]. According to the study presented by
W. Zamrudy at the ATASEC conference, the offshore natural gas lines of a gas company
have a depth of 70 m, which poses a risk of condensation. The aim of the study was to
evaluate the impact of different operating conditions on condensate formation between
two stations located 105 km apart. The Aspen HYSYS program was used to simulate
the data received from the gas chromatograph device at station A, as well as the piping
properties and operating conditions from station B. The results showed that liquid phase
formation occurred in the offshore pipeline between stations B and C on the second day. To
prevent this, the authors proposed passing the natural gas through a separator or treating
it with carbon dioxide separation and cleaning the pipeline through pigging [18]. In this
study, presented at the Abu Dhabi International Fair and Congress, the authors aim to
determine the hydrocarbon dew point pressure using smart algorithms. The estimation of
the hydrocarbon dew point temperature is challenging due to the variability of composition
and distribution in natural gas reserves. Currently, various methods such as equations of
state, analytical methods, and empirical correlations are used to estimate the hydrocarbon
dew point pressure at variable temperatures and compositions. However, these methods
have limitations such as low precision or high computational costs. To address these
limitations, the authors develop a new empirical correlation for hydrocarbon dew point
pressure estimation using computational intelligence algorithms, such as artificial neural
networks, functional networks, and support vector machines. The results show that
hydrocarbon dew point pressure estimation is possible within a short calculation time, and
among the models used, artificial neural networks have the lowest average absolute error,
the highest coefficient of determination, and a mathematical model that does not require
specialized knowledge [19]. In the research conducted by Schouten, it is observed that
changes in pressure and temperature within the pipeline can result in the temperature of
the natural gas approaching the hydrocarbon dew point temperature, thereby increasing
the likelihood of natural gas liquid formation. To address this issue, the study investigates
the effect of adding hydrogen to the mixture. The results of the analysis, which included a
16.7% addition of hydrogen, suggest that the mixture had a positive impact on reducing
the formation of liquid [20].
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In the study conducted by Olsen, the aim is to produce hydrocarbons at the highest
level within the framework of economic and environmentally friendly practices in the
oil and natural gas industry. The research focuses on evaluating various physical and
chemical methods for the recovery of natural gas liquids and examining the advantages
and disadvantages of these methods. [21]. In the article by Abeer M. Shoaib, simulation
of parameters such as pressure, temperature, and bypass ratio are conducted to calculate
the density of condensate in the DPCU unit of the Dabaa gas production facility in Egypt.
Additionally, a study is presented that explores the replacement of the JT valve with a
turboexpander [22]. In the study conducted by Zaidi, an economic model is presented for
the prevention of the formation of natural gas liquid. The objective of the research is to
convert valuable and unaccounted natural gas liquids into liquid fuel through filtration.
The cost analyses of cyclonic and cartridge-based filtration options are performed [23]. In
the article authored by Bian and Cao, the application of supersonic separation technology
in the production of natural gas is evaluated. This technology, used to separate impurities,
water, and natural gas liquids from natural gas, is explored through theoretical analysis,
experimentation, and numerical analysis of the condensation characteristics of the Laval
nozzle and the separation mechanism of the supersonic separator. The study also provides
a summary of the research on natural gas liquefaction and the separation of acidic gases.
The cooling performances of the Laval nozzle, turboexpander, vortex tube, and JT valve are
compared, with the Laval nozzle emerging as a promising new technology with superior
cooling performance [24].

Studies of Natural Gas Liquids in natural gas facilities have been conducted to under-
stand the causes of formation and methods to eliminate them. The focus of these studies
has been on the methods of indirect and direct measurement of the hydrocarbon dew
point temperature. These methods are primarily used for direct and indirect measurement
on transmission lines and for the basic operation of liquid dispersion in accompanying
gas production processes. Although some literature references the distribution networks
below 50 bar pressure, there are limited direct studies on comprehensive analysis and
measurement for low-pressure networks. Natural gas lines have different designs for
transportation from production to distribution and delivery to end-users. Hence, each
natural gas transmission or distribution network should be evaluated based on its design
values and analyzed accordingly. The study presented in this article compares indirect
analysis using decomposition methods specified in the literature, as well as a new approach
created based on C6+ measurement data and compared to the accepted methods.

1.2. Purpose and Scope of the Study

The objective of the article is to verify the presence of heavy hydrocarbons in natural
gas transmission lines, particularly those that have not undergone fractionation due to
various reasons such as fractionation costs. The current gas chromatography devices used
in the system are unable to measure heavy hydrocarbons, since they are C6+. Therefore,
determining heavy hydrocarbon presence is not possible with the current operation meth-
ods. In the study, the C6+ natural gas data were first fractionated into C6, C7, and C8 using
commonly used methods in the literature. Subsequently, experimental methods were used
to determine the distribution of heavy hydrocarbons between C9–C19, thereby indirectly
analyzing new data. The results of the indirect analysis were compared to the formation
characteristics of the natural gas liquid problem encountered by the regional regulators.
This comparison was made by monitoring the output temperatures of the regional stations
manually and through SCADA, observing the two-phase flow situation detected in the
analysis. All indirect analyses were carried out for the purpose of data analysis validation,
with the aim of creating alternative methods to prevent the formation of natural gas liquids
that are likely to exist and are present in the system.

In this study, the indirect analysis method was used to calculate cricondenbar and
cricondentherm values for four different splitted C6/C7/C8 compositions. Additionally,
the heavy hydrocarbon composition from C9 to C19 was deduced based on the distribution
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of C6+ direct measurement data. The newly created composition was analyzed using
the indirect method to estimate the hydrocarbon dew point temperature and pressure
with greater precision. The results of the calculation based on the data from the C6+ gas
chromatograph showed that it was highly unlikely for a gas/liquid two-phase region to
occur in the system. This study aimed to determine the pressure and temperature conditions
under which the formation of a gas/liquid two-phase region occurs, by performing more
sensitive analyses for the indirect hydrocarbon dew point.

2. Methodology
2.1. Definition of the Problem

Natural gas, which is distributed at 20 bar pressure from city gate stations, is reduced
to 4 bar pressure at B-stage stations without applying additional heating. After B-stage
stations, natural gas liquids can accumulate in the regulators, meters, and combustors of
end users fed from pipelines. These natural gas liquids can be removed using various
methods, as shown in the figures in Figure 2.
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The natural gas distribution process, starting from the RM-A station to the final
consumer, involves a number of measurements such as analysis values, pressure, and
temperature at the RM-A station. At the second-stage station, RM-B, pressure, temperature,
and liquid level values are measured in regions with natural gas liquid issues. Temperature
and pressure values are also measured at RM-C stations, which are the final part of the
distribution network. The measurements performed regarding natural gas are summarized
in Figure 3.
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In this study, the formation of natural gas liquids is investigated and the problem is
addressed at its source through a thorough examination and subsequent analysis. During
the second stage regulation, the natural gas cools down by approximately 8 ◦C as a result
of a 16-bar pressure drop, in accordance with the JT expansion principle. As the B stations
are above-ground facilities, it has been observed that the inlet temperatures can drop
below 0 ◦C during winter conditions, resulting in outlet temperatures of −8 ◦C after
regulation [25,26].

2.2. Gas Chromatography and Hydrocarbon Splitting Methods

At the city gate stations of natural gas distribution pipelines, direct measurements of
the inlet gas are taken using C6+ or C9+ gas chromatography devices, in accordance with the
methods outlined by American Gas Association (AGA). Further analysis is performed using
data from two different C6+ gas chromatography devices [27]. In the analysis of natural gas
mixtures using gas chromatography, the methods developed by Gas Producers’ Association
(GPA) are utilized for determining the compositions [28]. The dew point temperature of
natural gas can also be measured directly using a gas analyzer or a Chilled Mirror device.
The adoption of these devices at the stations has made it possible to measure the dew point
temperature continuously with an accuracy of approximately 2 ◦C [29]. In this study, data
obtained from C6+ gas chromatography are analyzed using methods approved by the AGA,
providing a more precise composition. The data are further analyzed through the SimSci
Pro II software program (Version 9.0, Invensys Systems, Lake Forest, CA, USA), utilizing
PR state equations, leading to the development of an estimation for the hydrocarbon
dew point.

In the present study, the dew point temperature of natural gas was determined using
mass spectrometry analysis. The analysis was performed on a liquid sample extracted from
the natural gas mixture, and the density of the sample was determined to be C12–C13. The
results of the analysis, which showed the presence of heavy hydrocarbons up to C19, are
presented in Figure 4. In addition to the C1–C5 data obtained from gas chromatography, the
C6–C7–C8 components were separated by using accepted experimental methods. The data
for the C9 to C19 components were separated experimentally and the HCDP temperature
and heavy hydrocarbon density were then analyzed based on the measurement point
temperatures. The flow chart of the analyses performed is given in Figure 5 below.

Separations 2023, 10, x FOR PEER REVIEW 8 of 16 
 

 

 

Figure 4. Natural gas liquid mass spectrometry analysis. 

 

Figure 5. Flow chart of the methodology analysis. 

3. RM-A Stations Process Analysis 

3.1. Equations of State 

In the analysis studies carried out in the gas industry, the Peng–Robinson state 

equation and Soave–Redlich–Kwong state equation are commonly used and recognized 

as the volume equations. The algebraic form of these two equations is identical, with some 

differences being observed in the parametric coefficients. 

The foundation of the volume equations lies in the ideal gas equation, and 

parameters are added to the volume equations to account for the non-ideal behavior of 

real gases. The Peng–Robinson state equation and the Soave–Redlich–Kwong state 

equation have been given in the same form in the following Equation (1). 

P =  
RT

v − b
−

aca2

(v − b1)(v − b2)
 (1) 

The Peng–Robinson and Soave–Redlich–Kwong equations utilize different values for 

some parametric coefficients. Nevertheless, they give quite different boiling point 

temperature values for the same gas sample. The comparison of the acentric parameters 

in the two state equations is given in the following Equations (2) and (3). The comparison 

of the parameters used in the equations is given in Table 1 below. 

Figure 4. Natural gas liquid mass spectrometry analysis.



Separations 2023, 10, 135 8 of 16

Separations 2023, 10, x FOR PEER REVIEW 8 of 16 
 

 

 

Figure 4. Natural gas liquid mass spectrometry analysis. 

 

Figure 5. Flow chart of the methodology analysis. 

3. RM-A Stations Process Analysis 

3.1. Equations of State 

In the analysis studies carried out in the gas industry, the Peng–Robinson state 

equation and Soave–Redlich–Kwong state equation are commonly used and recognized 

as the volume equations. The algebraic form of these two equations is identical, with some 

differences being observed in the parametric coefficients. 

The foundation of the volume equations lies in the ideal gas equation, and 

parameters are added to the volume equations to account for the non-ideal behavior of 

real gases. The Peng–Robinson state equation and the Soave–Redlich–Kwong state 

equation have been given in the same form in the following Equation (1). 

P =  
RT

v − b
−

aca2

(v − b1)(v − b2)
 (1) 

The Peng–Robinson and Soave–Redlich–Kwong equations utilize different values for 

some parametric coefficients. Nevertheless, they give quite different boiling point 

temperature values for the same gas sample. The comparison of the acentric parameters 

in the two state equations is given in the following Equations (2) and (3). The comparison 

of the parameters used in the equations is given in Table 1 below. 

Figure 5. Flow chart of the methodology analysis.

3. RM-A Stations Process Analysis
3.1. Equations of State

In the analysis studies carried out in the gas industry, the Peng–Robinson state equa-
tion and Soave–Redlich–Kwong state equation are commonly used and recognized as
the volume equations. The algebraic form of these two equations is identical, with some
differences being observed in the parametric coefficients.

The foundation of the volume equations lies in the ideal gas equation, and parameters
are added to the volume equations to account for the non-ideal behavior of real gases. The
Peng–Robinson state equation and the Soave–Redlich–Kwong state equation have been
given in the same form in the following Equation (1).

P =
RT

v− b
− aca2

(v− b1)(v− b2)
(1)

The Peng–Robinson and Soave–Redlich–Kwong equations utilize different values
for some parametric coefficients. Nevertheless, they give quite different boiling point
temperature values for the same gas sample. The comparison of the acentric parameters in
the two state equations is given in the following Equations (2) and (3). The comparison of
the parameters used in the equations is given in Table 1 below.

αPR = 1 +
(

0.37464 + 1.54226ω− 0.26992ω2
)
(1−

√
T/TC) (2)

αSRK = 1 +
(

0.480 + 1.547ω− 0.176ω2
)(

1−
√

T/TC

)
(3)

Table 1. Parameters of the Peng–Robinson and Soave–Redlich-Kwong equation.

Equation of State ac b b1 b2

Peng–Robinson 0.45724R2T2
C

PC

0.07780RTC
PC

−b
(

1 +
√

2
)
−b
(

1−
√

2
)

Soave–Redlich–Kwong 0.42749R2T2
C

PC

0.08664RTC
PC

−b 0

The parameters used in the Peng–Robinson and Soave–Redlich–Kwong equations are
based on experimental parameters for pure gases. Modifications must be made to calculate
these parameters in mixtures of multiple gases. Equations for mixtures of multiple gases
are described below in Equations (4)–(6) [30].

αc,mixture = ∑N
i =1 ∑N

j =1 j 6= 1 xixj
√

aiaj
(
1− kij

)
(4)
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ai = aciα
2
i (5)

bmixture = ∑N
i =1 xibi (6)

3.2. SimSci Analysis of City Gate Stations

In the study, analyses were conducted on the gas distribution network of Istanbul.
Results from two active RM-A stations in the city, obtained from the C6+ chromatograph
device, were utilized as indicated in Tables 2 and 3 below.

Table 2. Pendik RM-A station gas chromatograph values.

Gas Composition (% mol)

Methane Ethane Propane I-Butane N-Butane I-Pentane N-Pentane

95.249 2.9672 0.7297 0.1144 0.1122 0.0155 0.021

C6+ N2 CO2 Flow Rate (m3/h) Inlet Pressure (barg) Inlet Temperature (◦C) Outlet Temperature (◦C)

0.0056 0.6068 0.173 633137 48.78 26 11.26

Table 3. Esenyurt RM-A station gas chromatograph values.

Gas Composition (% mol)

Methane Ethane Propane I-Butane N-Butane I-Pentane N-Pentane

95.0586 3.2582 0.6412 0.1082 0.0139 0.0202 0.0139

C6+ N2 CO2 Flow Rate (m3/h) Inlet Pressure (barg) Inlet Temperature (◦C) Outlet Temperature (◦C)

0.0085 0.6055 0.1653 553147 40.32 23.5 11.69

PR equations are applied to analyze the data obtained from the gas chromatography
measurements at the city gate stations using the SimSci Pro II program. The C6+ components
are not separated prior to simulation, and mathematical methods are used to separate them
into C6, C7, and C8 components. Result are showed in Tables 4 and 5 below.

Table 4. Pendik RM-A station gas C6/C7/C8 separated component values.

Composition GPA 60/30/10 Daniels 47/36/17 GPA 50/25/25 Metod A

C6 (%mol) 0.00336 0.002632 0.0028 0.002105

C7 (%mol) 0.00168 0.002016 0.0014 0.002061

C8+ (%mol) 0.00056 0.000952 0.0014 0.001434

Table 5. Esenyurt RM-A station gas C6/C7/C8 separated component values.

Composition GPA 60/30/10 Daniels 47/36/17 GPA 50/25/25 Metod A

C6 (%mol) 0.0051 0.003995 0.00425 0.003195

C7 (%mol) 0.00255 0.00306 0.002125 0.003128

C8+ (%mol) 0.00085 0.001445 0.002125 0.002177

Four methods have been utilized for the C6+ split, including GPA 60/30/10, Daniels
47/36/17, GPA 50/25/25 and 37.3/36.6/26.1 (Method A), developed by Aniefiok and
Boniface. These methods are widely employed by international natural gas distribution
companies and are accepted by API [7].

In the research, a comparison was made between the values obtained from C6+ chro-
matography and four different indirect analysis methods using the SimSci process analysis
program. The results of this comparison were recorded in Table 6.
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Table 6. Comparison of the splitting methods for process analysis.

Splitting Methods
Pendik RM-A Station Esenyurt RM-A Station

Cricondenbar (bar) Cricondentherm (◦C)
@ Gas Pressure (bar) Cricondenbar (bar) Cricondentherm (◦C)

@ Gas Pressure (bar)

C6+ 57.28 −50.87 @ 30.73 55.78 −52.33 @ 28.14

GPA 60/30/10 57.62 −42.79 @ 24.58 56.08 −40.67 @ 22.51

Daniels GC 47/36/17 57.88 −39.99 @ 23.72 56.89 −37.21 @ 22.31

GPA 50/25/25 58.07 −38.28 @ 23.17 57.43 −35.21 @ 22.1

37.3/36.6/26.1(Method-A) 58.26 −37.57 @ 23.2 57.83 −34.38 @ 22.21

The process analyses of the C8+ data using indirect methods, including the newly
developed Method A by Aniefiok and Boniface, were performed. The analysis also involved
the experimental differentiation of the heavy hydrocarbon density between C9–C19, which
was detected in the analysis and triggers the two-phase flow region.

The results in Table 7 are utilized for the separation of hydrocarbon data between
C9–C19. The most effective method for determining the hydrocarbon dew point among
the prioritized methods is identified. It is concluded that the indirect calculation results
obtained using the 37.3/36.6/26.1 (Method A) decomposition method are closest to the
two-phase region. This separation is performed as expressed in Equations (7) and (8).

C6+ = C6 + C7 + C8+ (7)

C6+ =
C6+· 37.3

100
+

C6+ · 36.6
100

+
C6+ · 26.1

100
(8)

Table 7. C9–C19 hydrocarbon distribution.

Hydrocarbon (Cn) Distribution Index (a) Distribution Ratio (%)

C9 a9 95

C10 a10 3.5

C11 a11 0.5

C12 a12 0.25

C13 a13 0.15

C14 a14 0.13

C15 a15 0.11

C16 a16 0.09

C17 a17 0.09

C18 a18 0.09

C19 a19 0.09

The distribution of C8+ data were calculated based on the presence of C8, with a
variation ranging from 99% to 90%. The remaining 1% to 10% was distributed among the
remaining C9–C19 compounds. This distribution was calculated using Equations (9)–(14),
with a focus on the average values of the hydrocarbon concentration data between C1–C5
obtained from the C6+ gas chromatograph. To minimize the effect of increasing hydrocarbon
density, the remaining percentage was experimentally distributed, starting from C14 to C19.
The resulting distribution of C9–C19 is presented in Table 7.
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The distribution ratios specified in Table 7 have been applied to the C9+ composition
between C9 to C19, as indicated in Equation (14).

C8+ = C8 + C9 + C10 + · · · · · ·+ C18 + C19+ (9)

C8 = yn·(C8+) (10)

C9+ = xn· (C8+) (11)

xn = 0.01 . . . 0.10 (12)

yn = 0.90 . . . 0.99 (13)

Cn = C9+· an (14)

The results of the analysis of the hydrocarbon distribution between C9 and C19 in
the natural gas pipeline from Pendik and Esenyurt RM-A stations were re-examined by
applying chromatographic data from the station, as presented in Table 7. The values
obtained from the indirect analysis are depicted in Tables A1 and A2, Figures 6 and 7.
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Figure 6. Results of C9–C19 data analysis of Pendik RM-A natural gas station.

The C9+ distribution ratios calculated in Figures 6 and 7, based on the values obtained
from the analysis results, and in Tables A1 and A2, were calculated using Method A. The
C8+ data calculated using Method A were separated into C8 and C9+. This separation was
performed based on the assumption that the density of C8 constituted the majority in the
composition. The composition of C9+ was formed at six different points ranging from 1%
to 10% for the resulting composition. The heavy hydrocarbons between C9–C19 were made
in accordance with the experimental distribution ratios in Table 7. As a result, when the
C9+ data were concentrated, the slope of the graph increased.

The findings demonstrate an increase in the critical temperature of condensation
due to the refinement of the hydrocarbon mixture’s concentration. Additionally, the
results indicate the formation of a two-phase flow regime, particularly during the second
stage control.
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Figure 7. Results of C9–C19 data analysis of Esenyurt RM-A natural gas station.

4. Conclusions

The analysis of the data collected from the city gate stations using gas chromatographs
was performed using SimSci Pro II. The thermodynamic analysis was carried out using the
commonly used PR and SRK state equations. Results are given according to PR equations.
Similar results are also observed by using SRK equations. It was noted that the measurement
sensitivity of the gas chromatograph is limited to C6+, thus resulting in the inability to
measure hydrocarbons heavier than C6. In order to determine the hydrocarbon dew point
more accurately, mathematical separation methods commonly used by international natural
gas companies were employed to separate the C6+ data.

In the SimSci Pro II program, gas compositions at two different city gate stations in
Istanbul were evaluated using the aforementioned methods. The sensitivity of the gas
analysis was found to result in a shift of the hydrocarbon dew point temperature in a
positive direction. The limited measurement of C6+ using the gas chromatography devices
was found to be insufficient in determining the hydrocarbon dew point accurately. Hence,
it is crucial to improve the precision of gas composition measurement at city gate stations.

In conclusion, the cricondentherm temperature was observed to have increased from
−52.33 ◦C to 8.27 ◦C at the Esenyurt RM-A station. At the points where the cricondentherm
was measured in the phase diagram at the Esenyurt RM-A station, the corresponding
pressure values were 28.14 bar and 11.25 bar, respectively. At the Pendik RM-A station, the
cricondentherm temperature increased from −50.87 ◦C to 4.21 ◦C, and the corresponding
pressure values were 30.73 bar and 10.81 bar.

Two-phase flow is a potential issue in the outlet pipelines of regional stations during
high-demand periods, when gas pressure decreases and velocity increases. The exact
flow regimes and conditions for two-phase flow are difficult to determine, as they are
dependent on the gas velocity. Nonetheless, it is recognized that different conditions can
occur depending on the gas velocity. This risk was specifically noted in the RM-B stations,
particularly during the winter months when the natural gas temperature is −8 ◦C and the
pressure is 10–11 bar.
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Abbreviations

AGA American gas association
API American petroleum institute
ATASEC applied science and engineering conference
BOTAS Turkish petroleum transport corporation
DPCU dew point control unit
EOS equation of state
GC gas chromatography
GERG European gas research group
GPA gas producers’ association
HCDP hydrocarbon dew point
HYSYS Hyprotech chemical process simulator
JT Joule–Thompson
PC-SAFT perturbed chain statistical associating fluid theory
PR Peng–Robinson equation
PSRK predictive Soave–Redlich–Kwong equation
RM-A city gate station
RM-B district regulator
SRK Soave–Redlich–Kwong equation
SRK-Twu Soave–Redlich–Kwong and Twu combined model
UMR-PRU Transformed Peng–Robinson thermodynamic model

Appendix A

Table A1. C9–C19 data analysis of Pendik RM-A station.

State-1 State-2 State-3 State-4 State-5 State-6

C8+ Molar Weight (%) 0.00129

C9+ Distribution Percentage (%) 1 2 3 4 5 10

C9+ Molar Weight (%) 1.29 × 105 2.58 × 105 3.87 × 105 5.16 × 105 6.45 × 105 1.29 × 104

C8 Molar Weight (%) 1.28 × 103 1.26 × 103 1.25 × 103 1.24 × 103 1.23 × 103 1.16 × 103

C9 (% Weight-Molar Weight)
95

1.23 × 105 2.45 × 105 3.68 × 105 4.90 × 105 6.13 × 105 1.23 × 104

C10 (% Weight-Molar Weight)
3.5

4.52 × 107 9.03 × 107 1.35 × 106 1.81 × 106 2.26 × 106 4.52 × 106

C11 (% Weight-Molar Weight)
0.5

6.45 × 108 1.29 × 107 1.94 × 107 2.58 × 107 3.23 × 107 6.45 × 107

C12 (% Weight-Molar Weight
0.25

3.23 × 108 6.45 × 108 9.68 × 108 1.29 × 107 1.61 × 107 3.23 × 107

C13 (% Weight-Molar Weight)
0.15

1.94 × 108 3.87 × 108 5.81 × 108 7.74 × 108 9.68 × 108 1.94 × 107

C14 (% Weight-Molar Weight)
0.13

1.68 × 108 3.35 × 108 5.03 × 108 6.71 × 108 8.39 × 108 1.68 × 107
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Table A1. Cont.

State-1 State-2 State-3 State-4 State-5 State-6

C15 (% Weight-Molar Weight)
0.11

1.42 × 108 2.84 × 108 4.26 × 108 5.68 × 108 7.10 × 108 1.42 × 107

C16 (% Weight-Molar Weight)
0.09

1.16 × 108 2.32 × 108 3.48 × 108 4.64 × 108 5.81 × 108 1.16 × 107

C17 (% Weight-Molar Weight)
0.09

1.16 × 108 2.32 × 108 3.48 × 108 4.64 × 108 5.81 × 108 1.16 × 107

C18 (% Weight-Molar Weight)
0.09

1.16 × 108 2.32 × 108 3.48 × 108 4.64 × 108 5.81 × 108 1.16 × 107

C19 (% Weight-Molar Weight)
0.09

1.16 × 108 2.32 × 108 3.48 × 108 4.64 × 108 5.81 × 108 1.16 × 107

Cricondentherm (◦C) @ Natural Gas
Pressure (bar)

−11.54 −7.08 −1.63 −0.798 1.257 4.21

9.72 9.97 10.35 10.43 10.5886 10.81

Cricondenbar (bar) 59.18 60.19 61.04 59.7 62.3 64.39

Table A2. C9–C19 data analysis of Esenyurt RM-A station.

State-1 State-2 State-3 State-4 State-5 State-6

C8+ Molar Weight (%) 0.0021768

C9+ Distribution Percentage (%) 1 2 3 4 5 10

C9+ Molar Weight (%) 2.18 × 105 4.35 × 105 6.53 × 105 8.71 × 105 1.09 × 104 2.18 × 104

C8 Molar Weight (%) 2.16 × 103 2.13 × 103 2.11 × 103 2.09 × 103 2.07 × 103 1.96 × 103

C9 (% Weight-Molar Weight)
95

2.07 × 105 4.14 × 105 6.20 × 105 8.27 × 105 1.04 × 104 2.07 × 104

C10 (% Weight-Molar Weight)
3.5

7.62 × 107 1.52 × 106 2.29 × 106 3.05 × 106 3.82 × 106 7.63 × 106

C11 (% Weight-Molar Weight)
0.5

1.09 × 107 2.18 × 107 3.27 × 107 4.35 × 107 5.45 × 107 1.09 × 106

C12 (% Weight-Molar Weight
0.25

5.44 × 108 1.09 × 107 1.63 × 107 2.18 × 107 2.73 × 107 5.45 × 107

C13 (% Weight-Molar Weight)
0.15

3.27 × 108 6.53 × 108 9.80 × 108 1.31 × 107 1.64 × 107 3.27 × 107

C14 (% Weight-Molar Weight)
0.13

2.83 × 108 5.66 × 108 8.49 × 108 1.13 × 107 1.42 × 107 2.83 × 107

C15 (% Weight-Molar Weight)
0.11

2.39 × 108 4.79 × 108 7.18 × 108 9.58 × 108 1.20 × 107 2.40 × 107

C16 (% Weight-Molar Weight)
0.09

1.96 × 108 3.92 × 108 5.88 × 108 7.84 × 108 9.81 × 108 1.96 × 107

C17 (% Weight-Molar Weight)
0.09

1.96 × 108 3.92 × 108 5.88 × 108 7.84 × 108 9.81 × 108 1.96 × 107

C18 (% Weight-Molar Weight)
0.09

1.96 × 108 3.92 × 108 5.88 × 108 7.84 × 108 9.81 × 108 1.96 × 107

C19 (% Weight-Molar Weight)
0.09

1.96 × 108 3.92 × 108 5.88 × 108 7.84 × 108 9.81 × 108 1.96 × 107

Cricondentherm (◦C) @ Natural Gas
Pressure (bar)

−8.03 −3.43 −0.62 1.42 3.06 8.27128

10.035 10.29 10.55 10.69 10.82 11.2479

Cricondenbar (bar) 60.06 61.42 62.43 63.23 63.9 66.29
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