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ABSTRACT 

Carbon capture and storage (CCS) from oil facilities is an important and effective way to 

reduce the concentration of carbon dioxide in the atmosphere. Consequently, gas-

processing facilities will be dealing with a tremendous quantity of CO2 with high pressure. 

Therefore, the aim of this study is to simulate the dispersal of CO2 gas leakage from high-

pressure pipelines of the gas-processing facilities. The modeling of CO2 leakage from 

pipelines at CCS process has been problematic because of the lack of appropriate source 

term models that handle the complex behavior of CO2 correctly during release. In this 

study, OLGA 7 simulator was utilized for predicting outflow rates and duration of 

ruptured CO2 pipelines at different leakage scenarios (leakage sizes). OLGA 7 simulator 

was selected due to its capabilities in simulating gas pipeline leak scenarios in various 

designs and operating conditions such as Operation Pressure, Isolation valve spacing 

(IVS), and Emergency response time (ERT). The results of the OLGA 7 simulator provide 

appropriate source conditions for the selected dispersion models. Gaussian atmospheric 

dispersion model was chosen to simulate the CO2 gas dispersion behavior within the 

platform; it is very effective and simple. The effect of operating and design parameters 

(Operation Pressure, Isolation valve spacing (IVS), and Emergency response time (ERT) 

on the dispersion behaviors of the released gas in different leak scenarios was studied. The 

results showed that the emergency response time has the greatest effect on the mass of the 

accumulated leak (kg) and thus on the level of gas concentrations, and this effect is more 

pronounced for large leakage sizes. Also, the results showed that the emergency response 

time had no effect on levels of distance gas concentrations, but it had a significant effect 

on the duration of the leaking. 
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1 INTRODUCTION 

In recent times, great interest has become in studying the risks of environmental pollution of 

gases because of the growth of human activity, especially in the chemical industries. 

Therefore, various technologies to reduce the risks of gases applied widely in industries and 

used as a new energy source. Carbon dioxide gas is one of those gases threatening the 
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environment. it also brings the major concern being one of the major causes of global 

warming; where the large quantities of CO2 are already available either from natural processes 

(natural wells, biological processes, natural gas fields…) or as a by-product of industrial 

activities mostly related to combustion or chemical reactions are dangerous. 

Carbon capture and storage (CCS) is one of a technology that would prevent carbon 

transported by being captured at emission points at high pressure to injected underground 

reservoirs, where, CO2 transportation by high -presser pipelines is the most convenient way of 

carrying. Thus, it is important to look into for safe process transportation of CO2 in this 

developing field of CCS [1-4] 

If CCS technology introduces it will be possible to have different accidental leak on pipelines. 

It might be due to corrosion, fractures, or leaks. Human exposure to elevated levels 

concentration of CO2 is hazardous is direct toxicity will cause adverse effects, including 

death, at concentrations above 30,000 ppm, CO2 gas can cause asphyxiation as it replaces 

oxygen in the blood. Other health effects include headache, loss of judgment, dizziness, 

drowsiness and rapid breathing. Thus, the plume of gaseous CO2 sublimed from the bank 

could pose a risk for people and the environment [6]. The main objective of this work is to 

study the risk assessment for dispersion of the CO2 gas plumes caused by high-pressure 

pipeline leaks and identifies the safe areas of concentration limits of inhalation, inside gas-

processing facilities. 

2  METHODOLOGY  

2.1 Accident probability 

Accident probability is a complex process and it is an essential for risk management for both 

an existing and new plants. However, for new chemical plant and during plant and equipment 

design the probability of failure should always be a nonzero probability, which means 

guaranteed occurrence. Therefore, if failure occurred under any circumstances, a safe working 

exposure limits for the worker is guaranteed. In this work, the methodology is based on the 

assumption that the probability of failure is a nonzero probability. 

2.2 Simulation of source terms by OLGA7 

The simulated pipeline was constructed with two pressure nodes at the two ends. Two valves 

isolate these two pressure nodes.  The leak node is installed between the two valves.  Leakage 

was considered as a horizontal pipe on ground level see Figure (1). 

 
Figure ‎1. OLGA simulator Pipe Model. 
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The pressure drop between the two pressure nodes was set to obtain the desired mass flow 

rate 

 (24 kg/s). Ambient temperature is set to 20
o
C, and the fluid is assumed to be in thermal 

contact with the walls. A different leakage scenario was performing by using different leak 

size (0.005 to 0.25) m and 0.25 m was regarded as the worst case of leak. More details on 

OLGA simulation can be found in our previous study [5]. 

2.3 Dispersion modeling 

The selected model equation is the Gaussian Atmospheric Dispersion Model [6-8].  

Characterization of the source term includes considerations such as whether the gas release 

regarded as instantaneous or continuous release. Instantaneous release is one that occurs over 

a short period and looks like a puff, whereas a continuous release has a long duration and the 

emission rate is continuous in time. For continuous leakage wand and constant speed u in x 

Direction the equation is [9-11]: 

            (     )  
  

      
   * 
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)+                         (1) 

The dispersion coefficients   ,   , and   , for continuous source are given in Table 1[4]. 

 

Table 1.  The Equations for dispersion coefficients for continuous source. (The downwind distance x has units of meters) [4] 

 

 

 

 

 

3 RESULTS AND DISCUSSION  

Pasquill-Gifford 

Stability class 
   (m)   (m) 

Rural conditions 

A      (         )
  

 ⁄        

B      (         )
  

 ⁄        

C      (         )
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D      (         )
  

 ⁄       (         )
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E      (         )
  

 ⁄       (         )  

F      (         )
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Urban conditions 

A-B      (         )
  

 ⁄       (         )
  

 ⁄  

C      (         )
  

 ⁄        

D      (         )
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E-F      (         )
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3.1 Effects of operating pressure on dispersion characteristics of CO2 gas. 

The high-pressure pipeline is considered as a potential hazard and therefore requires a 

preliminary risk analysis. The most commonly used operating pressure in CCS system is 

between 60 bar, 150 bar [12, 13], and this is a very high-pressure pipeline.  

This section presents an evaluation of the impact of operational pressure on the results of risk 

assessment. The results for the effects of operating pressure on dispersion of concentration of 

CO2 gas associated with two failure sizes of 0.12 cm and 0.01 cm are presented in Table 2. 

Atmospheric stability F and wind speed of 1.5 m/s has been used for the simulation. Personal 

risk analyses were analysed for three different levels of CO2 concentration exposure limits 

and related duration of exposure: 100000 ppm for 5min, 15000 ppm for 480 min, 2000 ppm 

for Long-Time exposure limit. The downwind distances for all CO2 concentration exposure 

limits were determined for each scenario. 

Table 2. Effect the operating Pressure on Concentration of CO gas. 

Leak 

Size 

(cm) 

Pressure 

(bar) 

Duration 

Time (s) 

Type  

of 

Dispersion 

Flow 

rate 

(kg/s) 

Downwind distance (m) to concentration 

(ppm) 

100000ppm 15000 ppm 2000 ppm 

0.12 100 36 plum 1130 462 1520 6364 

0.12 80 42 plum 990 428 1396 6340 

0.01 100 3060 plum 8  31 87 257 

0.01 80 4260 plum 7 31 82 524 

 

From Table 2 it is clear that for all leakage sizes, changing the operating pressure from 80 bar 

to 100 bar will have little effect on the downwind distance (m) to concentration for all CO2 

concentration exposure limits. 

3.2 Effect of Isolation Valve Spacing (IVS) on of Concentration of CO2 gas 

Pipelines are equipped with emergency shutdown valves to isolate the affected pipeline 

section in case of leak during operation. The reasons for installation these valves is to limit 

CO2 release in case of leakage Accident. The distance between these emergency shutdown 

valves varies over the pipeline and depends on factors like population density and regulations 

[13]. Existing regulations for gas transmission pipelines contain provisions regarding 

maximum valve spacing based on class location.  

Table 3 summarizes the dispersion results. Table 3 shows how the distance between 

emergency shutdown valves does not affect the downwind distances for the three different 

levels of CO2 concentration exposure limits. 

 

Table 3. Effect Isolation valve spacing (IVS) on Concentration of CO2 gas 

Leak 

Size 

IVS 

(m) 

Duration 

Time (s) 

Type of 

Dispersion 

Flow 

rate 

Downwind distance (m) to concentration 

(ppm) 
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(cm) (kg/s) 100000 ppm 15000 ppm 2000 ppm 

0.12 50 62 Plum 1130 462 1520 6364 

0.12 100 172 Plum 990 428 1390 7059 

0.12 12000 3400 Plum 970 422 1369 6243 

0.01 50 90 Plum 8  31 87 257 

0.01 100 4260 Plum 7 31 82 239 

0.01 12000 100000 Plum 7 31 82 239 

 

The results show that, for the all leak size scenarios, when the IVS changes from 50 m to 100 

m the downwind distances for the three different levels of CO2 concentration exposure limits 

was not affected. However, the leaking duration time tremendously affected by the distance 

between emergency shutdown valves. This is most evident when large distance between 

emergency shutdown valves is as large as 12 kilometers. The results show that average 

exposure limit is 1 minute for IVS of 50 m and can be increased to 1 hour for IVS of 12000 m 

when a similar operating conditions and leakage sizes are applied. 

3.3 Effect of Emergency response time (ERT) 

The dispersion results of the effect of the ERT are summarized in Table 4. Table 4 shows the 

emergency response time have on effect on the downwind distance for the three different 

levels of CO2 concentration exposure limits. 

Table 4. Effect the Emergency response time on concentration of CO2 gas 

Leak 

Size 

(cm) 

ERT 

(s) 

Duratio

n Time 

(s) 

Leakage 

accumulated 

released mass 

(kg)* 

Flow 

rate 

(kg/s) 

Type of 

Dispersion 

Downwind distance (m) to concentration 

(ppm) 

100000 

ppm 

15000 ppm 2000 ppm 

0.15 30 36 -58000 1700 plum 578 2025 9985 

0.15 60 72 -110000 1707 plum 590 2044 9786 

0.05 30 60 -8000 200 plum 176 506 1836 

0.05 60 90 -12000 200 plum 176 506 1836 

0.01 30 4260 -4000 8 plum 31 87 257 

0.01 60 4680 -4240 8 plum 31 87 257 
* The negative sign indicates mass lost 

 

However, results show the emergency response time has a huge effect on the leakage 

accumulated released mass (kg) particularly this effect is more evident for large leak sizes. 

Besides increasing the length of time with the emergency response time, it is expected that 

removing a greater amount of gas will take additional time, making the situation more 

dangerous. 

 

4 CONCLUSIONS 
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It is very important to simulate the dispersal of CO2 leakage in the high-pressure pipelines of 

the proposed CCS unit within the gas-processing field. This will facilitate the preparation of 

an emergency action plan for worker safety within the platform. The modelling of CO2 

leakage from pipelines at the CCS process is a very complicated process due to unexpected 

different leakage scenarios and complex behaviour of CO2 gas during release. Therefore, an 

accurate evaluation of the source terms is important for the accuracy of the resulting 

dispersion.  

In this work, OLGA software was successfully applied to simulate the leakage release of CO2 

from high-pressurized pipelines in CCS unit, for different leakage scenarios. Results also 

show that OLGA simulator offers a quick and appropriate decision for the type atmospheric 

dispersion model. Results also show that the isolation valve spacing (IVS) has no effect on 

rate of release of CO2 leakage, while it has a clear effect on increasing the duration time of the 

leak. Where the operating pressure has a little effect on the rate of release; also, it increase the 

duration time especially at small sizes of leakage. The results also showed that any change of 

operating pressure has a little effect on the distance of CO2 dispersion at most of the limits of 

exposure. However, at any change of spacing of valves of Emergency Shutdown (ESD) was 

no effect on these distances. While the leaking duration time was directly proportional to the 

distance between valves. The emergency response time has the greatest effect on the mass of 

the accumulated leak (kg) and on the duration of the leakage.  On another hand, it has no 

effect on the distance of CO2 concentration. 
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   الملخص

٠ؼرثش اٌرماط ٚذخض٠ٓ غاص شأٟ اوس١ذ اٌىشتْٛ ِٓ اٌطشق اٌّّٙح ٚاٌفؼاٌح ٌرم١ًٍ 

ذشو١ض شأٟ أوس١ذ اٌىشتْٛ فٟ اٌغلاف اٌعٛٞ. ٚتاٌراٌٟ، فئْ ِشافك ِؼاٌعح اٌغاص ػٕذ 

اسرخذاَ ٘زٖ اٌرم١ٕح سٛف ذرؼاًِ ِغ و١ّح ٘ائٍح ِٓ شأٟ أوس١ذ اٌىشتْٛ ِٚغ اسذفاع 

ة ٘زا فٟ حذٚز ذسشب غ١ش ِرٛلغ ٚأثؼاز شأٟ أوس١ذ اٌضغظ. تّشٚس اٌٛلد، ٠رسث

اٌىشتْٛ ِٓ ٚحذاخ اٌرشغ١ً أٚ خطٛط أٔات١ة إٌمً. ٌزٌه، فئْ اٌٙذف ِٓ ٘زٖ 

اٌذساسح ٘ٛ ِحاواج ذشرد ذسشب غاص شأٟ أوس١ذ اٌىشتْٛ ِٓ خطٛط أٔات١ة اٌضغظ 

خطٛط اٌؼاٌٟ ٌّٕشآخ ِؼاٌعح اٌغاص. ذؼذ ِحاواج ذسشب شأٟ أوس١ذ اٌىشتْٛ ِٓ 

الأٔات١ة فٟ ػ١ٍّح احرعاص ٚذخض٠ٓ شأٟ أوس١ذ اٌىشتْٛ إشىا١ٌح تسثة الافرماس إٌٝ 

ّٔارض ذحاوٟ و١ّاخ ِٚؼذلاخ ِصذس اٌرسشب إٌّاسثح اٌرٟ ذرؼاًِ ِغ اٌسٍٛن 

اٌّؼمذ ٌصأٟ أوس١ذ اٌىشتْٛ تشىً صح١ح أشٕاء الإطلاق. فٟ ٘زٖ اٌذساسح، ذُ اسرخذاَ 

 CO2تّؼذلاخ ِٚذج اٌرذفك اٌخاسض ِٓ خظ أٔات١ة ٌٍرٕثؤ  OLGA 7ظٙاص ِحاواج 

اٌّّضق فٟ س١ٕاس٠ٛ٘اخ ِخرٍفح ٌٍرسشب )أحعاَ اٌرسشب(. ذُ اخر١اس ِحاوٟ 

OLGA 7  ٟٔظشًا ٌمذساذٗ فٟ ِحاواج س١ٕاس٠ٛ٘اخ ذسشب خطٛط أٔات١ة اٌغاص ف

اٌؼذ٠ذ ِٓ اٌرصا١ُِ ٚظشٚف اٌرشغ١ً ِصً ضغظ اٌرشغ١ً ٚذثاػذ صّاِاخ اٌؼضي 

(IVSٚٚ )( لد الاسرعاتح ٌٍطٛاساERT ٟذٛفش ٔرائط ِحاو .)OLGA 7  ظشٚف

 Gaussianِصذس ِٕاسثح ٌّٕارض اٌرشرد اٌّخراسج. ذُ اخر١اس ّٔٛرض اٌرشرد اٌعٛٞ 

ٌّحاواج سٍٛن ذشرد غاص شأٟ أوس١ذ اٌىشتْٛ داخً إٌّصح أٙا فؼاٌح ظذا ٚتس١طح. 

ٚٚلد  IVSشغ١ً، ذثاػذ ذّد دساسح ذؤش١ش ِؼاِلاخ اٌرشغ١ً ٚاٌرص١ُّ )ضغظ اٌر

( ػٍٝ سٍٛو١اخ ذشرد اٌغاص إٌّطٍك فٟ س١ٕاس٠ٛ٘اخ اٌرسشب الاسرعاتح ٌٍطٛاسا

اٌّخرٍفح. أظٙشخ إٌرائط أْ صِٓ الاسرعاتح ٌٍطٛاسا ٌٗ أوثش ذؤش١ش ػٍٝ ورٍح اٌرسشب 

اٌّرشاوُ )وعُ( ٚتاٌراٌٟ ػٍٝ ِسرٜٛ ذشو١ضاخ اٌغاص، ٚ٘زا اٌرؤش١ش ٠ىْٛ أوصش 

اٌرسشب اٌىث١شج. وّا أٚضحد إٌرائط أْ صِٓ الاسرعاتح ٌٍطٛاسا ٌُ ٚضٛحا لأحعاَ 

٠ىٓ ٌٗ أٞ ذؤش١ش ػٍٝ ِسر٠ٛاخ ذشاو١ض اٌغاص ػٓ تؼذ ٌٚىٓ واْ ٌٗ ذؤش١ش ِؼٕٛٞ ػٍٝ 

 ِذج اٌرسش٠ة. 
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