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The hazardous materials transportation by pipelines is the most used means of transport for long distance links for liquid and gas. This mode of transport is not without risk and accidents, which can be due to internal origin as the corrosion of the pipeline, or of external origin such as an activity close to the pipeline (public works ...). Our study is done on a natural gas pipeline, this pipeline is part of a pipeline network of the EST Pipeline transportation (TRC) in Skikda region, with a terminal of 5 pipelines (3 of natural gas, 1 of crude oil, 1 of condensate) which is located close to urban areas and makes the impact of a leak on a pipeline of gas or oil significant. In this study, our objective is to assess all risks related to natural gas transportation by pipeline and their possible consequences. In addition, we will determine critical events related to different type of leaks to show the possible impacts and damages that a breach on natural gas pipeline can have in the presence of a source of ignition.

INTRODUCTION

The transport of hazardous materials by pipelines is used at a large-scale level to transport liquid or gaseous hydrocarbons for long distance links. Pipelines have been widely constructed around the world, compared with other methods of transportation, its safety is the highest [START_REF] Feng | Revelation of Oil and Gas Pipeline Failure[END_REF], but this mode of transport is subject to different type of accidents; like internal origin as the corrosion of the pipeline, or of external origin such as an activity close to the pipeline (public works ...). As the SKIKDA region is home to the EST Pipeline transportation (TRC) headquarters, with a terminal of five pipelines (3 of natural gas, 1 of crude oil, 1 of condensate), and it is located close to urban areas, which increases the degree of impacts and damages.

In this case, study, we consider a leak on a GK2 natural gas pipeline, with a breach of 500 mm that crosses an urban area before reaching the TRC terminal. Our objective is to determine the possible impact and damage that this leak can have in the presence of a source of ignition, with the help of a software of calculations and modelling of the effects.

POSSIBLE CAUSES OF THE TRANSPORT OF HAZARDOUS MATERIALS BY PIPELINES

Pipeline transportation consists of a set of pressure pipes of variable diameters used to move liquids or liquefied gases continuously or sequentially. This mode of transport is used to transport natural gas (gas pipelines), liquid or liquefied hydrocarbons (oil pipelines), certain chemical products (ethylene, propylene, etc.) [START_REF] Safadi | Contribution to the risk assessment of transport of hazardous materials taking into account uncertainties[END_REF].

A pipeline is a complex system, geographically spread on a wide territory, requiring technologies and methodologies to support the identification of pipeline segments that are highly potentially at risk of failure.

Several types of accidents have been identified by the gas and oil pipeline industry in the past according to US Department of Transportation (DOT) Office of Pipeline Safety, 1991 and CONCAWE 1996. They are most frequently classified in five cause categories:

-Third parties that represent a damage caused by operations carried out by others in the pipeline vicinity and not related to its management; -Corrosion, when pipeline is subject to two types of corrosion, the first one is an inside corrosion, derived from water or other substances transported with hydrocarbons (viscosity and temperature are crucial information for the accident analysis), the second one is an outside corrosion related to the pipe coating and cathodic protection; -Mechanical that are fractures or cracks that occur when efforts go beyond the efforts of the system permits; -Operational error, which are caused by excessive pressure or system malfunction; -Natural events such as landslides, floods, erosion in general, subsidence, earthquakes, frost or lightning [START_REF] Chiara | Accident occurrance evaluation in the pipeline transport of dangerous goods[END_REF].

EXAMPLES OF LARGE-SCALE ACCIDENTS OF HAZARDOUS MATERIALS TRANSPORTATION

-On 12 September 2011, international media sources reported a major fuel pipeline explosion and fire in the Mukuru-Sinai slum of Nairobi, Kenya. Over 100 people were killed, while an equal amount of people were hospitalized with serious burn wounds.

Based on an analysis carried out by UNOSAT1, using imagery of the situation before and after the explosion and fire, an estimated area of 10 600m² had been seriously affected by the explosion. A further estimated 57 dwellings located in the area had been destroyed and 20 had been seriously damaged. The UNOSAT report also indicated that the Ngong River, downstream of the explosion site, appeared to be affected by the release of a large amount of petroleum products [START_REF]Fuel Spill and Fire Rapid Environmental Emergency Assessment Mukuru-Sinai slum[END_REF].

-On 18 January 2019, a pipeline transporting gasoline exploded in the town of Tlahuelilpan, in the Mexican state of Hidalgo. The blast killed at least 135 people and injured dozens more. Mexican authorities blamed fuel thieves, who had illegally tapped the pipeline. The explosion was particularly deadly because large crowds of people had gathered at the scene to steal fuel. Security forces tried to persuade people to move away from the scene, but they were outnumbered and asked not to engage with civilians for fear of causing a violent confrontation. The leak was reported at 17:04 CST (11:04 UTC), and the explosion occurred two hours later at 19:10. It took about four hours for responders to extinguish the fire [5].

-On November 16, 2017, at 4:34 a.m. mountain daylight time, a TransCanada Corporation, Keystone Pipeline (Keystone) ruptured near Amherst, South Dakota, between the Ludden, North Dakota, (Ludden) and Ferney, South Dakota, (Ferney) pump stations. Keystone's Operational Control Center (OCC), in Calgary, Alberta, Canada, was monitoring Keystone's Supervisory Control and Data Acquisition system that detected the leak and shut down the pipeline. Keystone's field staff traveled to the indicated leak location confirmed that the pipeline had ruptured, and initiated their spill response plan. The approximate spill area was comprised of about 5,000 barrels of crude oil. The first indication of the pipeline rupture occurred at 5:33 a.m., when an abrupt drop in discharge pressure and a corresponding increase in flow rate were observed at the Ludden pump station. In addition, at 5:34 a.m., a corresponding pressure drop was observed at the Ferney pump station. The controller at Keystone's OCC initiated an emergency shutdown of the pipeline at 5:36 a.m. and commenced isolation of the pipeline. By 5:45 a.m., the failure location had been isolated by using remotely operated valves. The NTSB determines that the probable cause of the failure of the Keystone Pipeline was a fatigue crack, likely originating from mechanical damage to the pipe exterior by a metal-tracked vehicle during pipeline installation that grew and extended in-service to a critical size resulting in the rupture of the pipeline [6].

HAZARDOUS MATERIALS TRANSPORTATION BY PIPELINE IN THE REGION OF SKIKDA

Sonatrach -RTE (East Transport Region), manages pipeline transport in the Skikda region. It transports crude oil, condensate and natural gas respectively from Haoud El Hamra and Hassi R'Mel to Skikda Terminal [START_REF]Data Sheets[END_REF] 

Risk assessment of hazardous materials transportation by pipelines

Risk analysis techniques specific to hazardous materials transportation have been developed over the years. However, while fixed-site risk analysis is framed by well-defined methods, the case of hazardous materials transportation is often absent from formal discourse. Some actions are undertaken by the authorities, but the actual risk analysis seems to be of more interest to researchers than to legislators, because of its inherent complexity [START_REF] Leroux | Logistics Strategies for Companies Working in the Hazardous Materials Field[END_REF].

Some examples of risk assessment in hazardous materials transportation

-

The study by Jo and Ahn takes into account pipeline transport and considers a model that is intended to reduce the level of risk as a key variable that should be taken into account in the planning and building stages of a new pipeline. It stresses the importance of considering not only individual but also societal risk due to cumulative fatal length and failure rate. The dataset used in the paper is based on data at the European level [START_REF] Jo | A method of quantitative risk assessment for transmission pipeline carrying natural gas[END_REF].

-The PRA is a well-established technology, where PRA analysts aim to estimate parameters used to determine the frequencies and probabilities of different events. According to [START_REF] Muhlbauer | Pipeline risk management manual[END_REF] [START_REF] Muhlbauer | Pipeline risk management manual[END_REF], the probabilistic risk assessment usually answers three questions: What can go wrong? How likely is it? What are the adverse consequences? The two methods normally used to answer these questions are the "Event Tree Analysis" and the "Fault Tree Analysis". [START_REF] Muhlbauer | Pipeline risk management manual[END_REF] 10] suggests also a way to facilitate the understanding of the PRA by combining each hazard with a Likelihood-Consequence matrix.

Presentation and application of the Quantitative Risk Assessment method:

The first step of the QRA method consists in determining the hazards related to an installation, in our case of study we use the method called "preliminary risk analysis APR", the table below summarizes the results of the analysis: 

N° CAUSES FAILURE

. Preliminary Risk Analysis of Transportation by Pipelines

The second step is to use a method of quantification of these hazards, we operated for the use of the method 'bowtie', and that because it has the principle of bringing together the causes as well as the consequences centred on the same dreaded event central, the table below summarizes the critical feared events options that can be found in a pipeline risk assessment:

CRITICAL FEARED EVENTS Commentaries 1 pipeline leak in Liquid phase
Corresponds to a hole of diameter equal to a certain percentage of the nominal diameter of a pipe carrying a flammable liquid. It can be a '' functional '' opening on the pipeline: leaks from seals on pumps, on valves ...

pipeline leak in gas phase

Corresponds to a hole of diameter equal to a certain percentage of the nominal diameter of a pipe carrying a gas. The ERC can be a '' functional '' opening on the pipeline: leaks from seals on pumps, on valves… 3

Breakage of a pipe

The rupture is the loss of equipment leading to a significant and instantaneous release of the substance. In most cases, the catastrophic rupture, can lead to the ejection of missiles, thermal flows and a surge wave.

Collapse of the pipe

Reservoir collapse is the complete loss of equipment, leading to a complete and instantaneous release of the substance. It is due to a reduction of pressure of the capacity, leading to its collapse by action of the atmospheric pressure.

TABLE 3. Feared events

In our study case the pipeline transports natural gas, according to the referential of the QRA Method [START_REF]Guideline for quantitative risk assessment[END_REF], we note that the selected risked event is 'breakage of a pipe: it's a loss of containment, the following step consists to apply the Bowtie Method on this critical feared event, the interest in this step is to allow the visualization of all the roads, going from basic events to damage. Then we will determine the effects of damage with PHAST modeling software [START_REF][END_REF]. The purpose of using this type of modeling software is to model the magnitude of the damage that a natural gas pipeline (GK2) leak can have in an urban environment in the Skikda region; the figure below shows the path of the pipeline passing through an urban area before arriving at the RTE terminal: To modelize the effect of a possible, we need some data related the pipeline, external data as meteorological data, the 
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 1 FIGURE 1. Risk assessment of the LOC by the method Bowtie
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 2 FIGURE 2. Representation of GK2's path[START_REF]RTE -Skikda document[END_REF] 
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 4 FIGURE 4. intensity radiation for Jet fire on map

  

  

TABLE 1 .

 1 has: Materials transported by the RTE-Skikda

	Name of the	Length Length in	Type of	Caractéristiques
	pipe		Skikda	product	
				transported	
	NK1	645.5	40.880	Condensate	Start-up year: 2009
		KM	km		-Main line NK1 30 ''
					-Place of departure: Haoud El Hamra
					-Arrival point: Skikda land terminal
					-Diameter: 30 ''
					-Theoretical transport capacity: 11.4
					million tons / year
					-actual current transport capacity: 11.4
					million tonnes / year
	OK1	645 KM 109 km	Crude oil	-Date of entry into production (Date
					first loaded): 27 April 1972
					-Main line OK.1 34 ''.
					-Place of departure: Haoud El Hamra
					-Arrival point: Skikda land terminal
					• Diameter: 34 ''.
					• Theoretical transport capacity: 30
					million tons / year.
					-Actual Transport Capacity: 30 million
					tons / year.
	GK1 40''	574.87	41 km	Natural gas	Date of commissioning: March 1971
		KM.			-Departure point: CNDG Hassi R'mel
					-Arrival point: Arrival terminal Skikda
					-Diameter: 40 ''
	GK2 42''	575,545	40.879	Natural gas	-Commissioning year: December 2001
		KM	km		-Departure point: CNDG Hassi R'mel
					-Arrival point: Arrival terminal Skikda
					-Diameter: 42 ''
					-Theoretical Capacity: In compression:
					14.2 X 109 CM3 / year
					year
					-Actual capacity: In compression: 14.2
					* 109 CM3 / year
					year
	GK3 48''	785 KM 55.198	Natural gas	-Start of construction year: 2010
			km		-Year of production: 2012
					-Place of departure: CNDG Hassi
					R'mel wilaya de Laghouat
					-Place of arrival: TASO Skikda
					(Terminal Skikda) and TA-KO El Kala
					(Arrival Terminal El Kala)
					-Diameter: 48 ''

TABLE 4 .

 4 table bellow sumerizes all these parameters : SCENARIO'S PARAMETERS

	Material	Natural gas (methane)
	Pipe length	1400 m
	Pipe diameter	42"
	Internal temperature	30 °C
	Internal presure	50 bar
	External temperature	24 °C
	Wind speed	18.7 Km/h
	Pumped inflow	173,8
	Breach size	500 mm

Path Scenario Distance to UFL [m] Distance to LFL [m]

  

		FIGURE 3. Side view of disperssion cloud
	Path	Scenario		Weather	Flame length [m]
	GK2 leak\Long pipeline	Location specific breach day	196,485
					Distance to LFL
					fraction [m]
	GK2 leak\Long pipeline Location specific	5,74763	38,4284	400,184
		breach		
		TABLE 5. Distance downwind to defined concentrations
		Mass flow rate 1382,84 kg/s
			Release	62,9182 s
			duration	
		TABLE 6. Calculated Quantities

TABLE 7 .

 7 Jet Fire Results-Distance downwind to defined radiation levels

TABLE 9 .

 9 

Late Explosion Results-Distance downwind to defined overpressures FIGURE 6. Worst case late explosion FIGURE 7. Late explosion worst case radiation

CONCLUSIONS

We know that the risk zero does not exist, although the RTE terminal has set controls measures to prevent all type of risks related to pipeline transportation, the population is in a considerable increasing, as now they live near a pipeline. The risk of a leak or rupture is always present; even it is caused by internal components as corrosion, or external source like external activity or an act of sabotage.