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ABSTRACT 
The approach to gas pipeline risk and integrity 

management in the US, involving the development of integrity 
management plans for High Consequence Areas (HCA), is 
usually qualitative, as outlined in ASME B31.8S. Depending 
on the engineering judgement of the assessment team this can 
lead to a wide variety of results making risk comparison 
between pipelines difficult. Qualitative risk ranking methods 
are popular in Europe, but quantitative risk assessment (QRA) 
is also used for setting acceptable risk levels and as an input to 
risk and integrity management planning. It is possible to use 
quantitative risk assessment methods to compare the levels of 
risk inherent in different pipeline design codes. 

This paper discusses the use of pipeline quantitative risk 
assessment methods to analyse pipelines designed to ASME 
B31.8 and UK IGE/TD/1 (equivalent to PD 8010, published by 
BSI, for the design of gas pipelines) codes. The QRA utilises 
predictive models for consequence assessment, e.g. pipeline 
blowdown and thermal radiation effects, and failure frequency, 
in determining the risk levels due to an operational pipeline. 
The results of the analysis illustrate how the risk levels inherent 
in the two codes compare for different class locations & 
minimum housing separation distances.  

The impact of code requirements on design factor, depth of 
burial, population density and the impact of third party activity 
on overall risk levels are also discussed. 

1. INTRODUCTION 

Risk & Gas Pipelines 
Natural gas is transported at high pressure through an 

extensive network of pipelines throughout the world. High 
pressure gas is hazardous: an understanding of the risks is 

essential. Failure of a high pressure natural gas pipeline will 
result in the release of a large quantity of gas, which if ignited, 
will cause significant thermal radiation, resulting in fatalities 
and injuries to people and significant damage to property in the 
range affected. 

Pipelines are long, linear assets which are generally 
located on land not controlled by the operator, to which the 
public may have access. In this respect pipelines present a risk 
to people which must be addressed by understanding and 
minimising the probability of failure and limiting the 
consequences.  

Risk is generally expressed as: 
 
Risk = Probability of Failure x Consequences of Failure. 
 
Pipeline failure is defined as any loss of containment due 

to failure of the pipe wall. The generic pipeline failure modes 
that can occur are leaks or ruptures: 

 
i) Stable through-wall defects give leaks. 
 
ii) Unstable defects that grow as a result of energy in the 
pipe wall and that transferred from the depressurising gas 
give ruptures. 

 
The main difference is the size of pipe break and therefore 

the volume of gas lost. Leaks may be due to a hole of any size, 
and typically are treated as steady-state releases with no 
significant reduction in internal pressure. A rupture can result in 
a full bore escape, in which gas escapes from both the upstream 
and downstream pipeline sections, resulting in a rapid 
depressurisation. 
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Risk in Pipeline Codes & Standards 
The principal requirement in assuring public safety and 

avoiding damage to the environment or property is to reduce 
the potential for a major pipeline accident to occur, so the 
design should ensure that the probability of failure due to any 
cause is low.  

The risks posed by hazardous pipelines are controlled by 
safety legislation: usually they require that all hazards affecting 
the pipeline with the potential to cause a major accident are 
identified, the risks arising are assessed and controls put in 
place to minimise the likelihood of an accident. 

Safe management of a pipeline is the responsibility of the 
pipeline operator, and is usually achieved by meeting the 
requirements of relevant national legislation and regulations 
through the interpretation and application of recognised 
standards and codes which are relevant to the pipelines in 
operation.  

Pipeline codes recognise the potential risks posed by gas 
pipelines by relating the factors which affect the probability of 
failure to consequences in particular areas. The purpose of 
codes and standards is to set a recognised baseline risk based 
on experience and best practice. Codes do this through: 

• Ensuring the consistent application of engineering 
principles (e.g. design factor); 

• Accurate calculation of physical parameters (e.g. wall 
thickness); 

• Location (i.e. with respect to population); 
• Methods of fabrication and construction (to minimise 

material, weld, pipe and coating defects); 
• Operations and maintenance (to ensure integrity is 

maintained); 
• Safety management ( to ensure all activities are carried 

out safely). 

Quantitative Risk Assessment 
Quantified risk assessment (QRA) enables the analysis of 

the probability and consequences of pipeline failure and the 
subsequent calculation of risk of death or injury to the 
population in the vicinity of the pipeline. The calculated risk 
levels can then be assessed with respect to defined acceptance 
criteria. The use of QRA for the safety evaluation of pipelines 
is now accepted practice in the UK[1], and is used at the design 
stage of major international pipeline projects. The assessment 
of pipeline safety using QRA rather than simple code 
compliance assessments draws attention to the need to 
understand and quantify the differences in pipeline risk levels 
which may result when different but equally accepted pipeline 
codes are applied in the design, construction and operation and 
maintenance of pipelines.  

This paper discusses the use of standard pipeline 
quantitative risk assessment methods to analyse and compare 
the risk levels of pipelines designed to the codes ASME 
B31.8[2] and IGE/TD/1[3] (PD 8010 [4]). The QRA utilises 
predictive models for consequence assessment, e.g. pipeline 
blowdown and thermal radiation effects, and failure frequency, 

in determining the risk levels due to an operational pipeline. 
The results of the analysis illustrate how the risk levels inherent 
in the two codes compare for different class locations and 
minimum housing separation distances. The impact of code 
requirements on design factor, depth of burial, population 
density and the impact of third party activity on overall risk 
levels are also discussed. 

2. QUANTITATIVE RISK ASSESSMENT 
METHODOLOGY 
The general methodology used in pipeline quantitative risk 

assessment is well established [5, 6, 7] in the UK and is shown 
diagrammatically in Figure 1, and briefly described below. 

 

 
Figure 1: QRA Methodology 

Hazard Identification 
The first step in any pipeline risk assessment is to identify 

the credible hazards that may lead to failure, e.g.: 
• External damage; 
• Corrosion; 
• Material & fabrication defects; 
• Fatigue; 
• Natural events (e.g. ground movement, flooding, 

lightning strike); 
• Operational errors (e.g. overpressurisation, hot tap in 

error). 
 
External damage due to third parties and natural causes are 

outside the total control of the operator, so the influence of 
design is important. 

Failure Frequency Evaluation 
Pipeline failure frequencies can be taken from historical 

operational data, although there is limited exposure for modern 
tough pipeline steels, larger diameters, and higher pressures 
which makes selecting a valid historical figure difficult. 

If the historical failure data is not sufficient, failure 
frequencies can be predicted using standard pipeline failure 
equations, distributions of pipeline damage and structural 
reliability techniques which allow the influence of diameter, 
wall thickness and grade to be calculated. The United Kingdom 
Pipeline Operators Association (UKOPA) collect data on 
pipeline damage incidents and distributions of gouge length 



 

and depth and dent depth can be generated from their 
database[8]. 

Combining the dent and gouge data with the frequency of 
pipeline damage (often referred to as the ‘hit’ rate) allows a 
prediction of pipeline failure frequency to be calculated. The 
effect of depth of cover or other mitigation methods, such as 
concrete slabbing, or factors to account for local incident rates 
differing from the collected data can also be included to modify 
the basic prediction. 

Pipeline Outflow 
If a buried pipeline fails as a rupture, a crater will be 

formed as soil is thrown clear by the force of the escaping gas. 
The released gas will initially form a rising mushroom cloud, 
quickly decaying to a transient jet fed by the outflow of gas 
from the two pipeline ends. Initially the mass flow rate will 
rapidly fall until a steady state is reached as shown in Figure 
2.[6] 
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Figure 2: Pipeline Outflow – Full Bore Rupture 

Pipeline outflow can be calculated using mathematical 
models, e.g. standard orifice equations for steady-state leaks, or 
commercially available software packages, but care must be 
taken to model the pipeline section boundary conditions 
adequately, e.g. pressure maintained at the upstream 
compressor or no reverse flow at downstream sites etc. 

Ignition Probability 
Following a high pressure natural gas pipeline rupture the 

emerging plume of lighter-than-air gas is heavily momentum-
driven and will tend to rise rapidly into the upper atmosphere 
before dissipating to concentrations below the lower flammable 
limit, causing no safety hazard if not ignited. 

The probability of ignition can be taken from historical 
data, see Table 1, or modelled if there are specific local ignition 
hazards. 

It is typical to assume that half of all releases ignite 
immediately and half are delayed by 30 seconds. 

Table 1: Historical Ignition Probabilities[9] 

Failure Type EGIG 

Pinhole/crack 3% 

Leak 2% 

Rupture (≤ 16”) 9% 

Rupture (> 16”) 30% 

Overall 4.1% 

Thermal Radiation 
If ignition occurs immediately, the gas released during the 

initial mushroom cloud phase will burn as a transient fireball, 
typically for less than thirty seconds, before burning out to 
leave a quasi-steady state crater jet fire. If ignition is delayed, 
then only the quasi-steady state jet fire will occur. 

Fireball and jet fire models exist to allow the calculation of 
incident radiation levels at any distance from the pipeline. [10, 
11]. Combining the transient pipeline outflow with the fire 
models allows the creation of a matrix of thermal radiation 
values that varies with time from release and with distance 
from the pipeline. 

It is also possible to assume an effective steady state 
release rate, and produce one set of thermal radiation contours. 
This method is obviously an approximation of the real transient 
event; consequently much care must be taken to ensure that the 
assumed release rate, and associated thermal radiation levels, 
remain conservative. 

Thermal Radiation Effects 
People subject to thermal radiation from an ignited 

pipeline fire are assumed to attempt to escape until they either: 
reach safe shelter; reach a point where incident radiation has 
fallen to a low level; or become a fatality. Escape speed should 
be chosen to reflect the potential difficulties in escaping 
directly from the fire and/or the terrain to be crossed. 

The thermal radiation dose, defined as I4/3.t, received by an 
escaping person can be calculated by integrating the incident 
thermal radiation flux, I, as it varies with incident time, t, and 
the distance from the pipeline.  

Probit dose relationships are used to correlate the thermal 
dose with fatality probabilities for standard populations. There 
are some variations in the data [12, 13] but the standard 
assumption in the UK is to use 1800 thermal dose units (tdu) as 
a fatality criterion for standard adult populations and 1060 tdu, 
also known as 1% lethality, for populations sensitive to thermal 
radiation such as children, the sick and elderly[11]. 

The minimum distance at which escape without shelter is 
possible can be calculated by performing the calculation from a 
range of starting distances from the pipeline. 

The time at which buildings ignite when subject to certain 
levels of heat flux can be calculated from equations for the 
piloted ignition of wood which were derived from the results of 
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well-known full scale tests [11]. This also allows the 
calculation of the maximum distance to which buildings will 
burn due to incident thermal radiation to be calculated. The 
building burning distance calculated in this way is analogous to 
the ASME B31.8S HCA distance[14, 15]. 

Buildings are assumed to provide full shelter from thermal 
radiation until the time they catch fire. At this point any 
population sheltering in the ignited building are subject to the 
relevant incident radiation and must attempt to escape to further 
shelter or to a safe distance from the fire. As the pipeline will 
have been blowing down and the quasi-steady state jet fire 
reducing in size, the incident thermal radiation at this point may 
have reduced significantly and escape may be possible. This 
behaviour was exhibited in the Edison, New Jersey incident 
where there were no casualties due to thermal radiation, despite 
three apartment blocks burning down[16]. 

When modelling actual locations, the proportion of time 
spent outdoors and the varying numbers of people present 
throughout the day can be incorporated. 

Risk Calculation 
To calculate the risk to a particular individual or 

development, it is important to define the length of pipeline that 
could cause harm. This length is known as the ‘interaction 
length’ and for a point on a pipeline is twice the maximum 
hazard distance. The hazard distances and hence the interaction 
length vary according to the casualty criterion being used. 

Individual risk is the probability of an individual at a 
specific location becoming a casualty from a specific hazard. 
The individual risk from pipelines is typically taken for a 
person permanently resident and presented as the risk levels 
along a transect perpendicular to the pipeline. Planning 
authorities also often present individual risk using risk contours 
overlaid on pipeline route maps. 

To calculate the individual risk per year along a transect 
perpendicular to the pipeline, the interaction length is split into 
steps, and the frequency and consequences of all pipeline 
incidents, i.e. immediate and delayed ignited ruptures and 
leaks, calculated for each step and summed for a range of 
distances along the pipeline. 

Societal risk is defined as the relationship between the 
frequency of an incident and the number of casualties that may 
result and is typically presented as a graph of the frequency of 
N or more casualties per year versus N, commonly referred to 
as an FN curve. 

To calculate the societal risk of a specific development, for 
each step in the interaction length, the failure frequency of the 
step length, f, and the number of casualties, n, are calculated. 
These fn pairs are summed for each value of n to produce a 
histogram which is plotted as a reverse cumulative distribution 
to produce the FN curve. 

In comparison to individual risk, societal risk assessment 
takes into account the movement of adjacent population 
throughout the day and can take the layout of developments 
into account. 

Risk Assessment 
Once risk levels have been calculated, it is important to 

determine whether they are acceptable by assessing against risk 
criteria. Risk criteria may be set by the pipeline company or by 
local, regional or national government. 

In the UK, acceptable individual risk levels have been set 
by the safety regulator, the Health & Safety Executive (HSE) as 
shown in the diagram in Figure 3[17, 18, 19]. 

 
Figure 3: UK HSE Individual Risk Criteria 

This diagram defines three regions: 
i) The unacceptable region, in which individual risk 

levels are greater than 1 in 10,000; 
ii) The broadly acceptable region, in which risk 

levels are below 1 in 1,000,000; 
iii) A region between these limits in which the risk is 

tolerable only of further reduction is impractical, 
or requires actions which are grossly 
disproportionate to the reduction in risk achieved, 
i.e. the risk is “as low as reasonably practicable” 
or ALARP. 

For linear hazards like pipelines, where a number of 
people may be affected by a single incident, it is common use 
individual risk for screening studies and generic assessments 
and societal risk to consider the affect on groups of people. 
Societal risk criteria have been published in Hong Kong, the 
Netherlands and in IGE/TD/1, see Figure 4. 
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Figure 4: IGE/TD/1 Sample FN Criterion 
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It is important to remember that FN criteria are related to a 
specific length of pipeline or case length, 1.6km in the case of 
IGE/TD/1. 

Risk Mitigation 
If the calculated risks are found to not be ALARP, then 

mitigation must be applied to reduce the risk levels to the 
affected population. This may range from hard engineering 
actions like relaying the pipeline in thicker wall or installing 
concrete protection slabs to softer ongoing operational actions 
such as increased surveillance or the implementation of a one 
call system[1, 20]. 

The risk assessment can be re-calculated, with the 
proposed mitigation measures incorporated and the ensuing 
risk levels assessed against the ALARP criteria. This is 
commonly carried out using cost-benefit analysis and the 
expected casualties per year, calculated from the fn pairs. 

3. IMPACT OF PIPELINE CODE REQUIREMENT ON 
RISK LEVELS 
Codes and standards present engineering principles and 

recognised best practice in a safe, validated manner. Approved 
industry codes and standards for design, and construction, are 
developed to ensure the safety of engineering infrastructure. 
Their use and application is a prerequisite for compliance with 
safety legislation. In the UK, the Pipelines Safety Regulations 
set out the duties required to ensure that pipelines are safely 
managed, and that risks to persons are reduced to a level which 
is ‘As Low as Reasonably Practicable’, or ALARP. The 
guidance to these regulations[21] states that British Standards 
provide a sound basis for the design of pipelines, but that other 
national or international standards or codes are acceptable 
provided that the level of safety achieved is equivalent. 

The engineering principles which provide the primary risk 
controls are applied by the pipeline code during the design of 
the pipeline. These include the design factor and wall thickness, 
route definition, material selection, corrosion protection and 
pipeline protection measures. In the UK, the current pipeline 
codes PD 8010 and IGE/TD/1 were originally developed from 
the principles established by the US ASME B31.8 code. These 
principles and their impact on the risk levels posed by the 
pipeline are discussed below. 

US Code for Gas Pipelines – ASME B31.8 
The US codes for pressure piping and pipelines have been 

developed under Project B31, which was initiated and 
sponsored by the American Society of Mechanical Engineers in 
the 1920s. The ASME B31 codes are internationally recognised 
and applied, and have established the principles and led the 
international development of codes for the safe design and 
construction of pipelines. The B31.8 document was published 
in the 1950s to provide an integrated code for gas transmission 
and distribution pipelines. This document established the 
principles for the safe design of gas pipelines, which have 

subsequently been adopted and adapted in a number of internal 
and national codes, including the UK. 

The design philosophy of ASME B31.8 is based on 
relating the permissible stress (and therefore pressure) to the 
number of occupied buildings in the vicinity of the pipeline. 
The underlying assumption is that the number of underground 
services and therefore the potential level of activity which may 
result in damage to a pipeline routed through the area is related 
to the concentration of buildings intended for human 
occupancy. The number of occupied buildings in a 1 mile x 
0.25 mile wide segment of the pipeline route is used to define 
the Location Class, and the permissible hoop stress is restricted 
by reducing the design factor (the ratio of hoop stress to the 
specified minimum yield strength of the pipeline) as the 
number of occupied buildings increases.  

The ASME B31.8 design process is shown in Figure 5. 
This shows the definition of Location Classes 1 through to 4, 
and the maximum design factor specified for each Location 
Class.  

 
Figure 5: ASME Design Process 

While the number of occupied buildings is defined, the 
level of occupancy is not, so the population density is not 
explicitly defined. 

UK Codes for Gas Pipelines – IGE/TD/1 and PD 8010 
The need for a UK specific national pipeline code was 

recognised in the 1960s, when the development of the gas 
national transmission system commenced. At that time, pipeline 
codes applied in the UK[22] were simple interpretations of the 
American ASME B31 codes. As a result of industry experience, 
major changes to these codes were being undertaken to address 
a number of issues, including material properties, fracture 
propagation and the need for pre-commissioning testing. 

In adopting and developing the philosophy of the ASME 
B31 codes for wide implementation in the UK, it was necessary 
to accommodate a higher level of land development and higher 
population densities.  
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The current edition of IGE/TD/1, Edition 4[3], was 
published in 2001. In 1989, The British Standards Institution 
published the pipeline code BS 8010, and in 1992 Section 2.8 
of this standard, covering steel pipelines for oil and gas was 
published[23]. BS 8010 was revised and updated, and 
published as the Published Document (PD) 8010 in 2004[4]. 
PD 8010 states that the design guidance for natural gas 
pipelines is based on IGE/TD/1, and refers directly to these 
recommendations. 

The IGE/TD/1 (and therefore the PD 8010) code extends 
the ASME B31.8 approach for controlling the probability and 
limiting the consequences of pipeline failure by defining an 
area type based on an explicit definition of population density, 
and specifying a minimum distance from the pipeline to 
normally occupied buildings based on the maximum operating 
pressure (MOP) (i.e. the building proximity distance) as well as 
the maximum design factor for the area type. 

Specifically the IGE/TD/1 design approach involves: 
• Categorisation of the area type through which the 

pipeline operates according to population density as 
Rural (R, ≤ 2.5 persons per hectare), 
Suburban (S, > 2.5 persons per hectare) and  
Town (T, significant development) 

• Defining a minimum allowed distance between the 
pipeline and the nearest occupied building (the 
building proximity distance, BPD) according to 
pipeline diameter, pressure and minimum wall 
thickness. 

• Specifying the area over which the population density 
is assessed as a strip 1.6 km long x 8 BPD wide 
centred on the pipeline. 

• Allowing a design factor of 0.72 in R areas, but 
limiting it to 0.3, or 0.5 if wall thickness is ≥ 19.05 
mm, in S areas to minimise the likelihood of rupture, 
and preventing the routing of high pressure pipelines 
through T areas.  

A simple outline of the design philosophy is given in 
Figure 6. 

Design Conditions (Pressure, Temperature)

Population
Density

Design Factor

Thermal Loads Ground Movement

Traffic Route

In-Line

Fatigue

External Loads

Impact Protection

0.72
0.5 if  > 19.05mm
0.3 if < 19.05mm Not Allowed

< 2.5 people/ha > 2.5 people/ha
S

Centres
Towns & City

T

Route Selection

Area Classification

R

 
Figure 6: IGE/TD/1 Design Process 

Risk Levels 
The above overview of the US and UK pipeline codes 

shows that the basic design philosophy in ASME B31.8 code 
recognises that the most significant factor contributing to the 
possible failure of a gas pipeline is external interference caused 
by activities along the route. The level of activity is directly 
related to the level of building development and hence 
population density. To take account of this, the maximum stress 
(and therefore minimum wall thickness) is related to density of 
occupied buildings in vicinity of the pipeline. This design 
philosophy is further extended in IGE/TD/1 to minimise the 
likelihood and consequences of failure in the higher levels of 
development and population density in the UK, through the 
specification of a minimum distance between the pipeline and 
normally occupied buildings, which is based on the diameter, 
wall thickness, and pressure of the pipeline. 

Based on the above, the key parameters in the design 
philosophy for gas pipelines are: 

 
i) Maximum stress in Location Class/Area Type; 
ii) Minimum wall thickness; 
iii) Population density; 
iv) Proximity of the population to the pipeline. 
 
In addition, a further parameter which has an accepted 

influence on the likelihood of damage due to external 
interference is the depth of burial. ASME B31.8 and IGE/TD/1 
specify different values for this parameter, so it must be taken 
into account in any consideration of risk levels.  

The potential hazard of gas pipelines, and the impact of the 
ASME B31.8 and IGE/TD/1 requirements on the inherent risk 
level of the pipelines can be directly quantified and compared 
using quantified risk analysis (QRA). To do this requires that 
the codes are applied to the design of equivalent pipelines, and 
the inputs to the QRA derived. The derivation and comparison 
of each of the above parameters using i) ASME B31.8 and ii) 
IGE/TD/1 is therefore considered in more detail below. 

Maximum Stress 
Both ASME B31.8 and IGE/TD/1 (PD 8010) define the 

maximum stress in terms of a maximum design factor for a 
specific location. A comparison of the definitions of ASME 
B31.8 Location Class and IGE/TD/1 Area Types is shown in 
Table 2 below. 

This comparison indicates that ASME Location Classes 1 
and 2 both cover the definition of the IGE/TD/1 Area Type R, 
and ASME Locations Classes 2 and 3 both cover the definition 
of the Area Type S. Note that while the qualitative descriptions 
of the ASME Location Classes are more detailed than the 
definitions of the IGE/TD/1 Area Types, the Area Type 
definition is primarily based on population density although the 
boundary between Types S and T is subjective. 

A comparison of risk levels is therefore required to 
compare risks in Locations Classes 1 and 2 with the risk in 
Area Type R, and risks in Location Classes 2 and 3 with the 
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risk in Area Type S. The IGE/TD/1 design factor in Area Type 
S is lower, and is equivalent to the ASME Location Class 3 
value only for thick wall pipe. 

 
Table 2: ASME B31.8 and IGE/TD/1 Design Factor and 

Location Class Comparison 

ASME B31.8 IGE/TD/1 

Location Class Design 
Factor Area Type Design 

Factor 

1 
Wasteland, deserts, 
mountains, grazing 

and farmland, 
sparsely populated 

areas 

0.72 
R 

Rural areas, 
agricultural land 

 

0.72 

2 
Areas where 
population is 
intermediate 

between 1 and 3, 
i.e. fringe areas 

around towns and 
cities, industrial 

areas, 
ranch/country 

estates 

0.6 

3 
suburban housing 

developments, 
shopping centers, 

residential and 
industrial areas 

0.5 

S 
Areas 

intermediate 
between R and 

T, which may be 
extensively 

developed with 
residential 

developments, 
schools, shops 

etc 

0.3 
(0.5 if t ≥ 
19.05mm) 

4 
Multi-storey 

buildings, dense 
traffic, numerous 

underground 
utilities 

0.4 

T 
Central areas of 
towns and cities, 

multi-storey 
buildings, dense 
traffic, numerous 

underground 
services 

Not 
applicable 

Wall Thickness 
Pipeline wall thickness is determined for both codes using 

the Barlow equation to specify the hoop stress level in terms of 
the specified minimum yield stress (SMYS) of the pipe 
material. 

However, the codes differ in that ASME B31.8 specifies 
wall thickness, t, to be the nominal value, whereas IGE/TD/1 
specifies t to be the minimum (i.e. nominal minus 
manufacturing tolerance) pipe wall thickness. This means that 
the IGE/TD/1 design factors are effectively lower than their 
ASME B31.8 equivalents. Or alternatively, that pipelines 

designed to ASME B31.8 will have a thinner wall than those 
designed to IGE/TD/1 for the same design factor. 

Population Density 
ASME B31.8 specifies the maximum number of occupied 

buildings in each Location Class, but does not define a 
population density. However, a population level is defined as 
20 or more people for areas of public assembly or 
concentrations of people in Location Classes 1 and 2. 

IGE/TD/1 specifies a population density limit of 2.5 
persons per hectare in Area Type R, and a population density of 
greater than 2.5 persons per hectare (2.471 acres) for Area Type 
S. However, a maximum population density for S areas is not 
specified.  

IGE/TD/1 recommends that population density should be 
estimated based on a survey, e.g. aerial photography, of 
normally occupied buildings and premises where people 
congregate for significant periods of time. The occupancy of 
houses can either be determined from Census figures or 
assumed as 3 per dwelling. 

 
Table 3: Comparison of Population Density Requirements 

ASME B31.8 IGE/TD/1 (PD 8010) 

Location 
Class 

Number of 
Buildings 

Area 
Type 

Max. Population 
Density (/ha) 

1 0 - 10 
R 2.5 

(1.01/acre) 
2 11 - 45 

3 > 46 
S Not specified  

4 Not specified T Not applicable 

Proximity of the Population to the Pipeline 
ASME B31.8 does not specify a minimum proximity 

distance between the pipeline and occupied buildings, but it has 
been assumed that there will be a minimum 3m (9.8ft) 
easement either side of the pipeline to allow for future 
maintenance access. 

IGE/TD/1 specifies a minimum building proximity 
distance (BPD) between the pipeline and occupied buildings, 
defined according to the pipeline pressure, diameter and wall 
thickness. The minimum is 3m (9.8ft) for S area pipelines with 
a wall thickness greater than 11.91mm (0.469”). 

Proximity of occupied buildings to the pipeline affects 
both the failure frequency due to external interference and the 
number of casualties given an ignited pipeline incident. 

4. RISK ANALYSIS OF PIPELINE DESIGNS 
Compliance with the risk based UK Pipeline Safety 

Regulations requires that the risk level of the pipeline design is 
considered and evaluated, and that where codes other than PD 
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8010 or IGE/TD/1 are used, the risk levels should be shown to 
be equivalent. In the UK, ASME B31.8 is a recognised 
alternative to PD 8010 and IGE/TD/1, although the risk levels 
inherent in ASME B31.8 designs are generally considered to be 
higher than the inherent risk levels in the UK codes. In order to 
obtain an understanding of the inherent risk levels, a case study 
to compare the risk levels has been carried out. 

Case Study Description 
A typical transmission pipeline of 36” (914.4mm) 

diameter, 75 bar maximum allowable operating pressure and 
X65 grade was chosen as the basis for the case study. Wall 
thicknesses have been selected to exactly meet B31.8 and 
IGE/TD/1 design factor requirements for each location class 
and not rounded up to the next standard size. The relevant code 
minimum depth of cover was taken to apply. The basic pipeline 
design parameters for each case are shown in Table 5 below. 

As discussed in Section 3 the location classes or area type 
in each code specify a design factor limit and an associated 
maximum population or population density within a specified 
area. Where each code specifies an upper bound for the number 
of houses or population density, this maximum has been used in 
the case study. For ASME B31.8 Class 3 and IGE/TD/1 Type S 
where the upper bound is not well defined, a population density 
of 10 persons per hectare has been taken. To convert between 
number of houses and population density, it has been assumed 
that there are three occupants per dwelling. 

Each case study has been modelled as an area 1.6 km long 
by 800 m wide (0.99 by 0.5 miles) with the pipeline running in 
a straight line through the centre. Housing has been assumed to 
be evenly spread through the case study area, outside of any 
minimum separation distance, as illustrated in Figure 7 below. 

400 m
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Housing

Housing

400 m

1.6 km
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Distance

Housing

Housing
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Separation 
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HousingHousing

HousingHousing

 
Figure 7: Case Study Area 

Case Study Assessment 
The QRA of the 6 case studies was completed following 

the methodology described previously. As the cases are generic 

with uniform population shelter density, individual risk only 
has been calculated.  

Blowdown and thermal radiation calculations were 
performed using Shell FRED (Fire, Release, Explosion and 
Dispersion)[24]. For this case study, no account was taken of 
variations in wind direction or stability. 

Failure frequency predictions were calculated in a Penspen 
in-house software program PI-FAIL using Monte-Carlo 
simulation techniques, standard pipeline failure 
equations[25,26] and probabilistic UKOPA pipeline damage 
data[8]. All other pipeline parameters are treated 
deterministically. 

The UKOPA damage database provides hit rate data for 
pipelines in the UK designed to IGE/TD/1 and PD 8010, i.e. 
split by R and S areas, and consideration is needed to apply the 
same predictions to ASME B31.8 due to the differences in 
population proximity and density.  

Table 4 summarises the assumed factors used in this case 
study. Location class 3 has been assumed to be equivalent to an 
S area and Location Class 1 has been assumed to have half the 
hit rate of an R area due to the reduced population. Location 
Class 2 has been assumed to be midway between Area Types R 
& S. 

Table 4: Assumed Hit Rate Factors 

ASME B31.8 IGE/TD/1 (PD 8010) 

Location 
Class 

Hit Rate 
Factor 

Area 
Type 

Hit Rate 
Factor 

1 0.5 

2 2.45 
R 1 

3 3.9 S 3.9 

 
Thermal radiation effects to people and property from 

leaks and ruptures and individual risk calculations were carried 
out using a Penspen in-house software program, PI-RISK, 
Ignition probabilities for both leaks and ruptures were taken 
from Table 1 and the 1800 tdu casualty criterion was used for 
this case study. 

Hazard and Frequency Analysis Results 
The predicted pipeline failure frequencies due to external 

interference are shown in Table 6. It can be seen that Case 2 
has the highest predicted failure frequency due to a 
combination of high hit rate factor and relatively thin wall 
thickness. 

The calculated hazard distances for both immediate and 
delayed ignition of ruptures are shown in Table 7. 

The calculated building burning distance is shown to have 
good agreement to the equivalent HCA distance. 
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Table 5: Summary of Case Study Design Parameters 

Case 1 2 3 4 5 6 

Design Code ASME B31.8 ASME B31.8 ASME B31.8 IGE/TD/1 IGE/TD/1 IGE/TD/1 

Outside Diameter (mm) 914.4 (36”) 

MAOP (bar) 75 (1088 psi) 

Grade X65 

Location Class 1 (Div 2) 2 3 R S S 

Design Factor 0.72 0.6 0.5 0.72 0.42 0.3 

Nominal Wall Thickness (mm) 10.63 (0.419”) 12.76 (0.502”) 15.31 (0.603”) 11.19 (0.441”) 19.05 (0.75”) 26.86 (1.057”) 

Depth of Cover (m) 0.610 (24”) 0.762 (30”) 0.762 (30”) 1.1 (43.3”) 1.1 (43.3”) 1.1 (43.3”) 

Min. Distance to Housing (m) 3 (9.84 ft) 3 (9.84 ft) 3 (9.84 ft) 81 (265.75 ft) 3 (9.84 ft) 3 (9.84 ft) 

Population Density (/ha) 0.463 
(0.187/acre) 

2.131 
(0.862/acre) 

10 
(4.047/acre) 

2.5 
(1.012/acre) 

10 
(4.047/acre) 

10 
(4.047/acre) 

 
Table 6: Predicted Failure Frequencies due to External Interference 

Case 1 2 3 4 5 6 

Wall Thickness (mm) 10.63 
(0.42”) 

12.76 
(0.50”) 

15.31 
(0.60”) 

11.19 
(0.441”) 

19.05 
(0.75”) 

26.86 
(1.06”) 

Leak Frequency (x 10-6 km years) 18.126 46.783 35.555 27.305 12.255 1.190 

Rupture Frequency (x 10-6 km years) 24.192 34.823 14.138 30.143 2.499 0.119 

 
Table 7: Predicted Hazard Distances 

 Immediate Ignition Delayed Ignition 

Building Burning Distance (m) 256 (280.0 yd) 241 (263.6 yd) 

HCA Distance (m) 248 (271.2 yd) 

Escape Distance (without shelter) - Standard Population (m) 520 (568.7 yd) 500 (546.8 yd) 

Escape Distance (without shelter) - Vulnerable Population (m) 740 (809.2 yd) 730 (798.3 yd) 

 
 

5. COMPARISON OF INHERENT RISK LEVELS 
Individual risk is the frequency at which an individual at a 

specified distance from the pipeline is calculated to be a 
casualty at a specified level of harm from the realisation of 
specific hazards. 

Individual risk transects obtained for the pipeline case 
studies are shown in Figures 8, 9 & 10 below. All figures show 
that within 200m (218.7yd) from the pipeline, or approximately 
2.5 times the IGE/TD/1 BPD, the individual risk level remains 
relatively constant. This is due to the high probability that 
buildings will ignite and burn eliminating the possibility of 
people finding shelter. 

Beyond this distance, the individual risk decreases as a 
result of the increasing likelihood of people finding shelter. 
Between 200 – 350m, (or 3-4 BPDs), generally only people 
outdoors are potential casualties.  

ASME B31.8 Risk Levels 
Considering first the risk levels inherent in the ASME 

B31.8 pipeline designs, the differences in the risk analysis input 
parameters for the three cases are the wall thickness, hit rate 
factor and shelter density.  

Figure 8 shows that the Location Class 2 design risk level 
at the pipeline approximately 1.4 times higher than the 
Location Class 1 design risk level. The differences in the risk 
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level at this point are influenced primarily by the wall thickness 
(and therefore the failure rate) and the hit rate factor. 

Beyond a distance of 200m (218.7yd) from the pipeline, 
the Location Class 2 risk level falls below the Location Class 1 
risk level, as the increased shelter density (which is due to the 
higher population density) increases the likelihood of escape. 

The Location Class 2 design level is approximately 2.6 
times greater than the Location Class 3 design risk level at the 
pipeline. In this case, the increased wall thickness of the 
Location Class 3 design offsets the increased area factor for 
this location class. Again the increased shelter density in 
Location Class 3 results in a more rapid reduction in the risk 
level at distances beyond 200m (218.7 d) from the pipeline. yg
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Figure 8: Individual Risk Transects for ASME B31.8 Cases 

 

IGE/TD/1 Risk Levels 
When considering the IGE/TD/1 design risk levels, in 

addition to the pipeline wall thickness, area factor and shelter 
density, the distance of the population from the pipeline also 
varies. As shown in Figure 9 the risk level in the IGE/TD/1 R 
area design at the pipeline is approximately 260 times higher 
than the risk level for the Type S area 26.86mm design, or 0.3 
design factor, of Case 5. 

This difference occurs despite the much greater separation 
between the pipeline and population in the R area design, and 

demonstrates the significant reduction in risk which results 
from the much lower design factor and increased wall 
thickness. 

IGE/TD/1 allows a higher design factor (up to 0.5) in Area 
Type S if the pipe wall thickness is equal to or greater than 
19.05mm (0.75”). For the case study being considered, a wall 
thickness of 19.05mm results in a design factor of 0.42. The 
results in Figure 9 show that while the risk level for this design 
is 21 times higher than the risk level at a design factor of 0.3, it 
is still approximately 12 times lower than the Area Type R 
design. 
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Figure 9: Individual Risk Transects for IGE/TD/1 Cases 

Comparison of Risk Levels 
When comparing the risk levels inherent in the ASME 

B31.8 designs with those inherent in the IGE/TD/1 designs, the 
results are influenced by changes in the pipeline wall thickness, 
depth of cover, area factor, shelter density and the distance of 
the population from the pipeline. 

The results in Figure 10 show that the risk level in the 
IGE/TD/1 Area Type R design is very similar to, and falls 
between, the risk levels for the ASME B31.8 Location Class 1 
and 2 designs. Beyond the 200m distance from the pipeline, the 
IGE/TD/1 Area Type R risk level is very similar to the ASME 
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Location Class 2 design risk level, despite the slightly lower 
wall thickness. This is due to the increased separation between 
the pipeline and population, and the increased shelter density 
due to the slightly higher population density in the IGE/TD/1 
Area Type R design. 

The risk level at the pipeline in the ASME B31.8 Location 
Class 3 design is approximately 119 times higher than the risk 
level in the IGE/TD/1 Area Type S design of Case 6. In this 
case, the area factor and shelter density are equivalent, but the 
ASME Location Class 3 design factor is much higher than the 
IGE/TD/1 Area Type S design factor. The risk level for the 
ASME Location Class 3 design is also approximately 5.7 times 
higher than the 19.05mm wall thickness Case 5. 

The comparison of results demonstrates the impact of 
design parameters on the predicted risk levels and clearly 
indicates the difference in the inherent risk levels in the ASME 
B31.8 and IGE/TD/1. However, in all the case studies 
considered, more than one input parameter varies, so it has not 
been possible to evaluate the change in risk level resulting from 
a specific change in an input parameter. In addition, some of 
the risk analysis inputs, such as the area factor, are not 
specified by the codes, while other input parameters, such as 
the shelter density, are case-specific. 
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Figure 10: Individual Risk Transects for all Cases 

6. CONCLUSIONS 
The inherent individual risk levels in pipeline codes in the 

US and UK have been compared. Six case studies have shown, 
that using the assumptions in the case study: 

 
1. The risk levels in ASME B31.8 Location Class 1 and 2 

designs and IGE/TD/1 Area Type R are similar; 
2. The risk level in ASME B31.8 Location Class 3 is 

considerably higher than in IGE/TD/1 Area Type S.  
 
These conclusions confirm that the design approach 

implemented in IGE/TD/1 in the UK, to address the higher 
levels of land development and population density, was 
successful in reducing inherent risk levels as originally 
envisaged. 

The methodology presented here could also be used to 
adapt the ASME B31.8 location classes for application in other 
countries, with differing typical building densities, proximity 
distances, activity rates etc. These variables can be defined to 
ensure that the risk levels inherent in ASME B31.8 is 
maintained in differing environments and countries if required. 

Further Work 
The results of the case study are dependent on the 

assumptions used for typical population density in Class 3 and 
Type S areas, hit rate factors for ASME B31.8 Class locations 
etc. and the values used should be confirmed. 

Sensitivity studies would also enable the change in risk 
level with a specific change in input parameter to be quantified, 
and detailed consideration of a real pipeline design case study 
would allow more realistic consideration of risk analysis input 
parameters which are not specified by the codes and full 
societal risk assessment be carried out. 

ACKNOWLEDGMENTS 
The authors would like to thank colleagues, past and 

present, who have contributed to the ideas or methodologies 
discussed in this paper specifically, Harry Hopkins, Christine 
Fowler, Phill Jones, Ian Corder, Prof. Phil Hopkins, Tony 
Wickham and Rod McConnell. 

The authors would also like to thank the management of 
Penspen Ltd. for permission to include results from in-house 
models PI-FAIL and PI-RISK. 

REFERENCES 
 
1  Corder, I, 1995 “The Application of Risk Techniques to the 

Design and Operation of Pipelines”, C502/016, pp.113-
125, IMechE. 

2  Gas Transmission and Distribution Piping Systems, ASME 
B31.8-2003, American Society of Mechanical Engineers, 
2003. 

3  Steel Pipelines for High Pressure Gas Transmission, 
Recommendations on Transmission and Distribution 

 11 



 

  
Practice, IGE/TD/1 Edition 4, 2001, Institution of Gas 
Engineers, UK. 

4  Code of Practice for Pipelines – Part 1: Steel Pipelines on 
Land, PD 8010, British Standards Institution, 2004. 

5  Goodfellow, G.D., 2005, “The Use of Pipeline Risk 
Assessment in the EU”, presentation to the GCC-EU 
Seminar on Natural Gas Advanced Technologies - Realities 
and Prospects, Doha, Qatar, February 7-8, 2005, 
http://eugccseminar.epu.ntua.gr. 

6  Acton, M.R., Baldwin, P.J., Baldwin, T.R., Jager, E.E.R., 
1998, “The Development of the Pipesafe Risk Assessment 
Package for Gas Transmission Pipelines”, Proceedings of 
the International Pipeline Conference (IPC98), ASME 
International. 

7  Bilo M. & Kinsmann, P., 1997, “MISHAP – HSE’s 
pipeline risk-assessment methodology”, Pipes & Pipelines 
International, 42(4), July-August, pp.5-12. 

8  Francis A., 2000, “The Use of Damage Data for Predictive 
Modelling”, presented at the UKOPA Conference, 
Runcorn, UK, 30th November 2000. 

9  “Gas Pipeline Incidents 1970 – 2004”, 6th Report of the 
European Gas Pipeline Incident Group, EGIG 05.R.0002, 
December 2005. 

10  Mannan, S. eds., 2005, Lees’ Loss Prevention in the 
Process Industries, 3rd Edition, Elsevier Butterworth-
Heinemann, Oxford, UK. 

11  Bilo, M & Kinsmann, P.R., 1997, “Thermal Radiation 
Criteria Used in Pipeline Risk Assessment”, Pipes & 
Pipelines International, 42(5), November-December, 
pp.17-25. 

12  Eisenberg, N.A. et al, 1975, “Vulnerability model: a 
simulation model for assessing damage resulting from 
marine spills”, (VM1), ADA-015-245 US Coast Guard. 

13  Tsao, C.K. & Perry, W.W., 1979, “Modifications to the 
Vulnerability Model: a simulation system for assessing 
damage resulting from marine spills” (VM4), ADA-075-
231, US Coast Guard. 

14  Managing System Integrity of Gas Pipelines, ASME 
B31.8S-2004, American Society of Mechanical Engineers, 
2005. 

15  Stephens, M.J., Leewis, K. & Moore, D.K., 2002, “A 
Model for Sizing High Consequence Areas Associated 
with Natural Gas Pipelines”, IPC2002-27073, Proceedings 
of IPC’02, 4th International Pipeline Conference, American 
Society of Mechanical Engineers, September 29 – October 
3, Calgary, Alberta, Canada. 

16  “Pipeline Accident Report, Texas Eastern Transmission 
Corporation Natural Gas Pipeline Explosion and Fire, 
Edison New Jersey, March 23 1994”, National 
Transportation Safety Board, NTSB/PAR-95/01. 

17  Anon, 1992, The Tolerability of Risk from Nuclear Power 
Stations, HMSO, London 1992. 

18  Anon, 1993, Guidelines on Risk Issues, The Engineering 
Council, London, 1993. 

19  Anon, Reducing risks, protecting people. HSE’s decision-
making process, HMSO, London 2001. 

20  Anon, 2001, “An assessment of measures in use for gas 
pipelines to mitigate against damage caused by third party 
activity”, Contract Research Report 372/2001, prepared by 
WS Atkins Consultants Ltd. for the Health and Safety 
Executive, HMSO, London 2001. 

21  Anon, The Pipeline Safety Regulations 1996 - Guidance 
on Regulations, HMSO, 1996. 

22  Code of Practice for Pipelines, Part 2 – Design and 
Construction of Steel Pipelines on Land, CP 2010-2 1970, 
British Standards Institute, London, 1970. 

23  Code of Practice for Pipelines, Part 2 – Pipelines on Land: 
Design Construction and Installation, Section 2.8 – Steel 
for Oil and Gas, BS 8010, British Standards Institute, 
London, 1992. 

24  Shell FRED v4.0, Shell Global Solutions, UK, 2005. 
25  Cosham, A. & Hopkins, P., 2002, “The Pipeline Defect 

Assessment Manual”, IPC02-27067, Proceedings of 
IPC’02, 4th International Pipeline Conference, American 
Society of Mechanical Engineers, September 29 – October 
3, Calgary, Alberta, Canada. 

26  Cosham, A. & Hopkins, P., “The Effect of Dents in 
Pipelines – Guidance in the Pipeline Defect Assessment 
Manual”, International Journal of Pressure Vessels and 
Piping, 81, 2004, pp. 127-139. 

 12  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


