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Abstract 

Natural gas as a fuel is supplied in the most populous urban areas with the risk 
threatening public safety managed properly. Regulatory authorities in many 
countries are moving away from prescriptive approaches for keeping natural gas 
pipelines safe. As an alternative, risk management based on a quantitative 
assessment is considered to improve the level of safety. This work focuses on the 
quantitative risk assessment for the natural gas pipelines network and introduces 
parameters of fatal length and cumulative fatal length. The fatal length is defined 
as the integrated fatality along the pipeline associated with hypothetical 
accidents. The cumulative fatal length is defined as the length of pipeline section 
in which an accident leads to N or more fatalities. These parameters can be 
calculated easily within a geographic information system (GIS). For a new gas 
pipeline that will be installed in a suburban area, the risks are estimated simply in 
a few hours by using this method. This quantitative risk assessment may be 
useful for risk management during the planning and building stages of a new 
pipeline, modification of the pipeline, and to lower the risk of a buried pipeline 
network. 
Keywords: risk analysis, gas pipeline network, individual risk, societal risk, jet 
fire. 
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1 Introduction 

High-pressure pipelines carrying natural gas are not on secure industrial sites, as 
a potentially hazardous plant would be, but are routed across the land i.e., a busy 
city or a network of superhighways. Consequently, there is the ever-present 
potential for third parties to interfere with the integrity of these pipelines. In 
addition, the combination of third-party interference and pipeline route might 
suggest that people around the pipelines are subject to significant risk from 
pipeline failure. If the natural gas is accidentally released and ignited, the hazard 
distance associated with these pipelines to people and property is known to range 
from under 20 m for a smaller pipeline at lower pressure, up to over 300m for a 
larger one at higher pressure [1]. Therefore, pipeline operators and regulators 
must address the associated public safety issues.  
     The network of high-pressure natural gas pipelines is inevitable to supply the 
gas as a fuel to houses in the Seoul metropolitan area, due to mismatch between 
gas supply and demand when the gas pressure is reduced at this moment. 
Therefore, the risk management of high-pressure natural gas pipelines is to be 
issued until the pipeline is moved into a low populated area or the operating 
pressure of the pipeline is reduced. 
     This paper focuses on a simplified method to calculate explicitly the risk of a 
high-pressured natural gas pipeline network with reasonable accident scenarios. 

2 Gas release rate from gas pipeline 

The gas release rate from a hole in the gas pipeline varies with time. Within 
seconds of failure, the release rate will have dropped to a fraction of the peak 
initial value. It will decay even further over time until steady-state. The peak 
initial release can be estimated by assuming the sonic flow through an orifice as 
in the following eqn. [2]. 
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where   is the dimensionless hole size, which is the ratio of effective hole area 

to the pipe cross-sectional area, d is the pipeline diameter, 0  is the stagnation 

density of gas at operating conditions, 0p  is stagnation pressure at operating 

conditions, and  is the specific heat ratio of gas.  
     The release rate through a hole in the pipeline at steady-state can be estimated 
approximately with eqn. (1) [3]. 
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where Ff  is Fanning friction factor and L is the pipeline length from the gas 

supply station to the release point.  
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     The numerator in the above equation is the release rate without friction loss 
through the pipeline, while the denominator acts as a decay factor due to the wall 
friction loss at steady-state. The effective release rate associated with the death 
probability of a person from a fire would depend on the time exactly when 
ignition occurs. The death probability could be estimated by approximating the 
transient jet fire as a steady-state fire that is fed by the gas released at the 

effective rate. The effective release rate, peakCQ , is a fractional multiple of the 

peak initial release rate. It can be used to obtain the heat flux comparable to that 
from the real transient fire ignited in slight delay. In general, the most 
appropriate value for the decay factor would depend on the pipe size being 
considered, the pressure at the time of failure, the assumed time to ignition, and 
the time period required to cause harm to people. In one-dimensional transient 
flow through the arrested crack tip of a tube with constant cross-section, the 
decay factor is expressed as the following equation [4]. 
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     In a study of risks from hazardous pipelines in the UK conducted by A. D. 
Little Ltd. [5], the authors quoted 0.25 as the decay factor. A more conservative 
value of 0.3 is adopted here for the factor. It is not to underestimate the intensity 
of the sustained fire associated with nearly immediate ignition of leaked gas 
from large diameter pipelines. For a rupture near the gas supplying station, 
however, the decay factor appears at steady-state greater than 0.3 which is 
estimated by the denominator of eqn. (2). Therefore, the decay factor has to be 
taken the lager value between 0.3 and the value at steady-state [6]. 
     By assuming the specific heat ratio 42.1 , gas density at atmosphere 

3/ 68.0 mkg , and Fanning friction factor 0026.0Ff  conservatively for 

steel pipeline, the effective rate of gas release through a hole on the pipeline can 
be expressed as the following equation. 
For an accident near the gas supplying station: 
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     For an accident far away from the gas supplying station: 
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where pA  is the cross-section of the pipeline. 

     To analysis a gas pipeline network, an equivalent straight pipeline length can 
be estimated by using the analogy of gas flow in a pipeline network to electron 
flow in electric circuit as shown in fig. 1. The denominator of eqn. (2) could be 
considered as the resister in the electric circuit.  
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(a) Gas pipeline network                           (b) Electric circuit 

Figure 1: Analogy between gas pipeline network and electric circuit. 

Table 1:  Failure frequencies based on failure causes and hole size (EGIG, 
1993). 

Failure causes Failure 
frequency 
[1/yr.km] 

Percentage 
of total 

failure rate 

Percentage of different 
hole size [%]* 

Small Medium Great 

External interference 

Construction defects 

Corrosion 

Ground movement 

Others/unknown 

3.0 x 10-4 

1.1 x 10-4 

8.1 x 10-5 

3.6 x 10-5 

5.4 x 10-5 

51% 

19% 

14% 

6% 

10% 

25 

69 

97 

29 

74 

56 

25 

3 

31 

25 

19 

6 

<1 

40 

<1 

Total failure rate 5.75 x 10-4 100% 48 39 13 

* The hole sizes are defined as follows: Small hole: hole size is lower than 2cm; 
Medium hole: hole size ranges from 2cm up to the pipe diameter; Great hole: 
Full bore rupture or hole size is greater than the pipe diameter.      

 
     If the location of leak point is more than a few kilometres away from gas 
supplying station, the effective gas release rate is independent to the pipeline 
length and can be estimated simply by eqn. (5). 

3 Failure rate of gas pipeline 

The failure rate in a particular section of pipeline depends on many variables, 
such as soil, coating, design, cathodic protection, age of pipeline, depth of cover, 
hydrostatic test, survey, patrol, training, and so on. It is very difficult to include 
the effects of those variables on the failure rate because accident data may not be 
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sufficient for statistical analysis. Generally for the risk analysis, the failure rate 
of pipeline is estimated simply by using some variables from historical data. The 
failure rate of major gas pipelines in Western Europe is reported by the European 
Gas Pipeline Incident Data Group (EGIG) [7]. It is currently based on the 
experience of 1.5 million kilometre-years in eight countries of Western Europe. 
As shown in table 1, the external interference by third party activity is the 
leading cause to major accidents with the medium or great hole generated. The 
total failure rates for small, medium and great hole are 2.76 x 10-4, 2.243 x 10-4 
and 7.475 x 10-5 1/yr.km, respectively. These values are an order of magnitude 
higher than the values estimated from DOT data or British Gas Transco data [8]. 
In this work, we adapt the EGIG data conservatively. 

4 Method of quantitative risk assessment  

The risk can be evaluated from the two quantities: the probability that a failure of 
the pipeline can occur and the consequences that arises as the result. The failure 
rate of a pipeline section may be estimated by adding the failure rates caused by 
external interference, construction defect, corrosion, ground movement and 
unknown. The rate caused by external interference can be estimated by using BG 
Transco data and that by other causes can be estimated simply by using EGIG 
data. 
     By defining the fatal length as the integrated fatality along the pipeline 
associated with hypothetical accidents, the individual risk at a specified location 
can be expressed simply as following equation. 

 

 


i
iiFLLIR ,  (6) 

 
where i  failure rate per unit length of the pipeline associated with the accident 

scenario i . 
     The fatal length can be approximated simply by adding the pipe lengths 
multiplied with corresponding average values of lethality in the zones of 1%-
50%, 50-99%, and 99%-100% lethality. These zones are divided by drawing 
circle of radii 99%, 50%, 1% fatality with a specified location as origin. The 
dominant hazard from natural gas pipeline is jet fire [9]. By analyzing the 
damage to people from the fire of natural gas, these radii are: 
 

 effQr 3.1599  ;     
effQr 4.3050  ;     

effi Qr 3.60   (7) 

 
     By using the eqns. (4), (5) and (7), and the average fatalities of those three 
zones as 1, 0.86, 0.156, respectively, the fatal length at specified location can be 
estimated by the length of pipeline within each zone as following equation. 
 

 150509999100 156.086.0      lllLFL  (8) 
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     Even though the approximate solution has some deviation from the exact one, 
it has a big advantage of being extended easily to the curved gas pipeline as well 
as being estimated directly within a Geographic Information System (GIS). 
     The societal risk is defined from the societal point of view. It is expressed 
with the cumulative frequency and the expected number of death caused by an 
accident. The expected number of death from a hypothetical accident could be 
calculated by integrating the multiplication of fatality and population density 
within hazard area. 
     The number of fatalities from an accident may be calculated simply by 
considering the number of persons and by assuming an average probability of 
death within the area encountered. As discussed in individual risk, the area can 
be divided also into three zones of 1%-50%, 50%-99%, and 99%-100% lethality. 
The number of fatalities from an accident can be estimated approximately as 
following equation. 

 

 150509999100 142.0802.0   NNNN  (9) 

 
     To take the discrete hazardous sources into consideration, a pipeline should 
be divided into small sections. It should be short enough not to influence the 
calculated results. A profile can be drawn up graphically with thus calculated 
fatalities from an accident at each pipe segment. The curve could be constructed 
in a manner of segment by segment over the entire pipeline. It takes generally the 
shape of a ball. The cumulative fatal length is determined simply from the profile 
of fatalities. It is just the length of the horizontal line of fatalities N intersected 
by the fatality curve. By assuming constant failure rate within the pipeline, the 
societal risk can be expressed with the cumulative fatal length [6]. 

 

 
 

i
iiCFLi N)(NLF ,   (10) 

 

     The cumulative fatal length, CFLL , means the length of pipeline within which 

an accident leads to N or more fatalities. 

5 Risk calculation  

Two types of risk, individual risk and societal risk, are estimated by using the 
method presented in the above section, before a gas pipeline of 300 mm 
diameter, operating at 30 bar, covered 150 cm depth is to be constructed in a 
suburban area where the average population density is 2.8x10-3 person/m3 as 
shown in fig. 2. From eqns. (5), (6), and (8), the fatal length is proportional to the 
square root of the effective gas release rate and the release rate is proportional to 
the operation pressure. Therefore, the individual risk is proportional to the square 
root of the operating pressure of the pipeline. 
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Figure 2: A natural gas pipeline planned to be located in a suburban area. 

 

 

Figure 3: Individual risk at a distance from the gas pipeline. 

 
 
     The individual risk experienced by a single individual in a year is lower than   
10-6/yr when the proximity distance to the pipeline is greater than 60 m as shown 
in fig. 3. In the horizontal axis of fig. 3, the minus and positive sign means the 
left and right side from the gas pipeline. A place located within 60 m from the 
pipeline, the individual risk is located in ALARP [as low as reasonably 
practicable] zone. The societal risk is also in ALARP zone as shown in fig. 4. To 
install the gas pipeline, the owner of the pipeline has to implement risk reduction 
measures as far as possible.  
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Figure 4: Societal risk of the gas pipeline. 

     The quantitative risk, individual risk and societal risk, of high-pressure 
natural gas pipeline network can be simply estimated by using the fatal length 
and the cumulative fatal length with EGIG failure data. This method can be very 
useful to estimate the risk in a few hours. 

6 Conclusions  

A simple method of quantitative risk assessment is proposed with new 
parameters, i.e., the fatal length and the cumulative fatal length. These 
parameters are estimated directly within a Geographic Information System (GIS) 
and are sensitive to pipeline length, pipeline diameter, and operating conditions. 
The proposed method turns out to be successful through being applied to 
calculate the risk for a high-pressure pipeline. The individual risk is proportional 
to the square root of the operating pressure of the pipeline. This method of 
quantitative risk assessment may be useful for risk management during the 
planning and building stages of a new pipeline, modification of the pipeline, and 
to lower the risk of a buried pipeline network. 
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