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Abstract. Developing a steady operation of gas and condensate value chain is an important task to 
maintain stable productions of oil & gas industries. In this regard, PETRONAS continues to improve its 
production facilities by utilizing process modelling and simulation via Symmetry iCON® as one of its 
main engineering tools. In this work, Symmetry iCON® pipe network solver was used to build a dynamic 
simulation model for gas and condensate pipeline network in Malaysian Peninsular region. One-month 
data of December 2018 has been used to validate the model. Then it was utilized to predict the data in 
January 2019 to further evaluate the applicability of the model. Some valuable observations included the 
significance of properties estimation of a pseudo component of C6+ in terms of thermodynamic and 
transport properties. Due to lack of data monitoring of the condensate in some terminals, this property 
estimation became very crucial while at the same time difficult to validate. Nonetheless, the model can 
predict the data within the range of error of 4-6%. In the future, when more data is available, the properties 
can be easily tuned to better represent the reality.  

1 INTRODUCTION 

Oil and gas production consist of various 
interconnections between gas or oil wells, pipelines, 
platforms, and terminals where the oil and gas are treated 
and furtfher distributed. Malaysia Oil and Gas 
exploration and production facilities are owned and 
operated by PETRONAS [1]. In 2015, the region of 
Peninsular Malaysia supplied about 82% of the total 
domestic demand [2].  
 Nowadays, companies in the oil and gas industries 
have realized the importance of technologies and their 
impacts in optimizing the overall operation process [3]. 
Among these technologies is process simulation software 
where they can be used, among others, to simulate 
different scenarios of supply and demands of oil and gas 
productions, maximizing throughput and/or profit, 
minimizing cost, and many more.  
 PETRONAS understands the clear needs of utilizing 
technologies, e.g. use of process simulation software, to 
support maintaining the quantity and the quality of its oil 
and gas productions. In this regard, PETRONAS uses 
Symmetry iCON® software that has been used in many 
applications such as vapour liquid equilibrium [4], 
biomass gasification [5], bio oil upgrading [6], utility 
optimization [7], and many other internal applications 
for modelling their worldwide refineries, petrochemicals, 
and chemical plants.   
 Modelling and optimization of natural gas networks 
have been done such as minimizing fuel gas 
consumption of compressors to satisfy natural gas 

demands [8], [9], operational optimization [10], coping 
with transient stages of gas supply in China [11], multi 
period optimization [12], reliability [13], and risk 
management [14]. Many of these previous works were 
conducted using steady state calculations. Other notable 
works in studying dynamic behaviour covers upset 
conditions like slugging [15] or different pipeline 
inclinations [16]. Nonetheless, all of these studies were 
developed using their own specific gas distribution 
networks since no network is the same.  
 In this work, to support reliable and improved gas 
production in Malaysian Peninsular region, PETRONAS 
gas pipeline networks needed to be modelled and further 
used to optimize the gas productions. PETRONAS 
Symmetry iCON® software has been used as the 
platform for this modelling work. Existing pipeline 
configurations were used as the basis along with other 
operational data such as gas compositions, temperature, 
pressure, and flowrate. The modelling work was done in 
dynamic mode to account for transient situations and 
evaluate different operational scenarios.  

2 Methodology 
Flowchart of the methodology is shown in Figure 1. 
Relevant data were first collected. This included 
components, their compositions and operating 
conditions, as well as existing pipeline configuration. 
Then, the model was the developed and validated using 
operational data from December 2018. Then the model 
was tested against data from January 2019. Finally, some 
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insights on the model and the data were observed and 
evaluated.  
 

Identification of relevant components 
and data collections on compositions, 
temperature, pressure, and flowrate

Data gathering on pipe lengths and 
sizes

Development of the dynamic model 
based on existing design

Model validation using data from 
December 2018

Model testing using data from 
January 2019

Insights evaluation of the gas and 
condensate pipeline network  
Figure 1. Work Methodology. 

 
 The model was developed by using Symmetry 
iCON® Process Simulation Software built 350. Network 
solver approach was used as the calculation method. 
There were four sections of the pipeline network 
modelled independently, which then combined to make 
an overall model. These sections were Section A, 
Section B, Section C, and Section D models. Due to 
confidentiality issues, all names were replaced with 
general terms. This approach was taken to ease the 
model development rather than making a whole 
complete model from scratch. On the other hand, model 
validation and testing were done separately for these four 
sections. The overall scope for the model development is 
shown in Figure 2.  

 
Figure 2. The gas and condensate network to model. 

 

3 Data, Assumptions, and Model 
Boundaries 

Some of the data used in the model is shown in Table 1. In this 
paper, all names of the wells or platforms are replaced with 
generic terms. Only few data are shown throughout the paper 
to show the flow of the article.  
 

Table 1. Some of the data (in moles percent) used in the 
model.  

 Components Well 1 Well 2 Well 3 Well 4 
Methane 88.3725 88.3725 88.4343 85.9194 

Ethane 5.8987 5.8987 4.7543 6.4186 
Propane 1.7537 1.7537 2.7474 2.3310 
i-Butane 0.5081 0.5081 0.9645 0.5766 

n-Butane 0.3645 0.3645 0.5633 0.5006 
i-Pentane 0.1945 0.1945 0.0095 0.2409 
n-Pentane 0.1195 0.1195 0.0049 0.1508 
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C6+ 0.4494 0.4494 0.0033 0.3430 
N2 0.1496 0.1496 0.6210 0.0898 

CO2 2.1896 2.1896 1.8975 3.4291 
  

Advanced Peng-Robinson was selected as the 
thermodynamic model within the Symmetry iCON® 
thermodynamic packages. This model is an enhanced 
version of the original Peng-Robinson model, which is 
adjusted for natural gas applications [17]. Gas densities 
were then calculated to validate this Advanced Peng-
Robinson model. The results are shown in Table 2 and it 
is shown that the selected thermodynamic model is 
acceptable.  
 

Table 2. Advanced Peng-Robinson model validation via gas 
densities calculations (only few results are shown here). 

Field Name Month 
Measured 
densities 
(kg/Sm3) 

Predicted 
densities using 
Symmetry 
iCON® at 15oC, 
1 atm (Int. 
Standard Metric 
Conditions for 
Natural Gas) 

Platform A 1-Dec-18 0.93943 0.9433 
Platform B 1-Dec-18 0.856523 0.8595 
Platform C 1-Dec-18 1.540857 1.506 
Platform D 1-Dec-18 0.837127 0.8402 
Platform E 1-Dec-18 0.817616 0.8198 

Platform F 1-Dec-18 0.808428 0.811 
Platform G 1-Dec-18 0.873182 0.8749 
Platform H 1-Jan-19 0.665543 0.9259 

Platform I 1-Dec-18 0.875609 0.8787 
Platform J 1-Dec-18 0.791683 0.7919 
  
 Due to unknown information from the field, 
properties of C6+ component were estimated based on 
its typical density and molecular weight of C6+ of 
common natural gas. In this work, the density used was 
824 kg/m3 and the molecular weight was 120 gr/mol. 
These numbers are on the higher ends of C6-C7 
components which are 660 – 670 kg/m3 and 86-100 
gr/mol of density and molecular mass, respectively. An 
important note here is that with these numbers, the 
estimated production of condensate could be higher than 
the actual conditions, which unfortunately cannot be 
validated at the time of this work was conducted. Based 
on these two inputs, Symmetry iCON® then predicted 
the remaining properties of C6+ as follows and it is 
clearly seen that the predicted C6+ properties are 
consistently on the higher end of the C6-C7 spectrum: 

− normal boiling point of 150oC. This number is 
above the higher end of the spectrum of C6-C7 
(68-98 oC).  

− Pc = 3050 kPa. This number is above the higher 
end of the spectrum of C6-C7 (3020-2740 kPa).  

− Vc = 0.443 m3/mol. This number is above the 
higher end of the spectrum of C6-C7 (0.37-
0.425 m3/mol). 

− Tc = 352 oC. This number is above the higher end 
of the spectrum of C6-C7 (234-267 oC).  

− Zc = 0.2597. This number is close to your number 
(0.250).  

− w = 0.322. This number is at the higher end of the 
spectrum of C6-C7 (0.296-0.35).  

There are some other assumptions and simulation 
boundaries used in the development of the model that 
cannot be shown here due to space limitations. Interested 
readers can contact the authors for more information.  

4 Results and Discussion 

4.1 Section A, B, and D model 

Models for Section A, B, and D are not shown in this 
paper due to space limitations. Section B consists of a 
bigger terminal compared to Section A and C, and 
hence, the figure will also be too compact to be shown as 
already indicated in Figure 2.  
 

4.2 Section C model 

Figure 3 shows the model developed for Section C. The 
upper part of the model shows the wells while the lower 
part is the slug catcher in the offshore terminal. This 
Section C is the simplest one with only two wells 
combined, travel for more than 100 km, and then arrive 
at a platform for further treatment.  

 
Figure 3. Model developed for Section C. 

 
 The above model was used to simulate the data from 
December 2018 (development) and January 2019 
(testing) and the results are shown in Figure 4 and Figure 
5, respectively. It can be seen from the figures that the 
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developed model can predict the data very well. In these 
figures, the results of other model are also shown for 
PETRONAS internal use and comparison. Overall, the 
differences between the model and the data are about 2-
4%.  
 

 
Figure 4. Predicted export gas flow compared with the data in 

December 2018. 
 

 
Figure 5. Predicted export gas flow compared with the data in 

January 2019. 
 

4.3 Section A condensate estimation 

In Section A, it was reported that condensate is 
produced, and the operators only run the condensate 
pump when the liquid level is higher than the specified 
30% level. There is no recorded information about when 
or how frequent (given the flowrate data) that the pump 
is run. On the other hand, the model predicts that there is 
continuous production of condensate due to the pressure 
drop given the estimated properties of the pseudo C6+ 
component. The condensate production is shown in 
Figure 6. 
 

 
Figure 6. Condensate produced daily as predicted by the 

model. 
 

 Further thermodynamic analysis via phase envelope 
has shown that at the terminal condition of about 84 
bara, at typical arriving temperature of 26 oC, some 
condensate is formed. It is approximately about 13 m3/hr 
of condensates. This number is insignificant compared to 
the amount of gas which is approximately 900-1000 
MMscfd. Nonetheless, the exact amount of the 
condensate cannot be confirmed and hence, the 
properties of C6+ cannot be adjusted accordingly. 
Hence, in the future, when such data is available, the 
properties of C6+ can be further improved.  

5 Conclusion and Recommendation 
A dynamic simulation model for gas and condensate 
pipeline network in Malaysian Peninsular region has 
been developed using Symmetry iCON®. The results of 
the model are in agreement with the operational data 
from December 2018 (for model development) until 
January 2019 (for model testing). The difference 
between the model and the data is about 4-6%. This 
difference is valid for operations without operator 
manual interventions. Estimated properties of a pseudo 
component of C6+ are very important to better reflect 
the production of condensates in some terminals. Due to 
the lack of condensate data, the estimated properties 
cannot be easily adjusted. Hence, in the future, when 
additional data is available, the properties of this pseudo 
C6+ component should be adjusted.  
 
Special thanks to Malaysia Petroleum Management (MPM) 
and PETRONAS Group Technical Data (GTD) for making this 
study possible.  
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