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Abstract — Recently risk management based on a quantitative assessment is considered to improve the
level of safety in Korea. This paper focuses on the procedure of the quantitative risk assessment for natural
gas pipelines. For that purpose, the methods to estimate failure frequency based on failure causes from
European Gas Pipeline Incident Data Group and BG Transco, to analyze consequence caused by fire, and
to calculate individual risk and societal risk have been proposed systematically in this paper. Risk criteria
of individual risk and societal risk have been proposed by considering the environment of pipeline route
in Korea. The proposed procedure of quantitative risk assessment may be useful for risk management during
the planning and building stages of a new pipeline, and modification of buried pipeline.
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Fig. 1. Procedure of QRA for pipeline.
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Fig. 2. Schematic drawing the concept of hazard section.
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Table 1. Failure Frequency based on failure causes and hole size (EGIG, 1993) [3].

Failure causes Failure frequency Percentage of total Percentage of different hole size (%)
(I/year km) failure rate (%) Small Medium Great
External interference 3.0x107 51 25 56 19
Construction defects 1.1x107* 19 69 25 6
Corrosion 8.1x107° 14 97 3 <1
Ground movement 3.6x107° 6 29 31 40
Others/unknown 5.4x107 10 74 25 <1
Total failure 5.75%x107 100 48 39 13

Table 2. Failure Frequencies caused by third party activity (BG Transco data) [4].

Diameter Representing Total failure rate Failure rate (1/1000 km-year)
range (mm) diameter (mm) (1/1000 km-year) Small Medium Great
0~100 100 0.218 0.044 0.087 0.087
125~250 187 0.180 0.072 0.060 0.048
300~400 350 0.095 0.024 0.071 -
450~550 500 0.043 0.029 - 0.014
600~700 650 - - - -
750~850 800 0.041 - - 0.041
900~1000 950 - - - -
1000+ 1050 - - - -
Table 3. Correction value for wall thickness (Kjr).
DI ; Mind 1 Correction value
pipei?:::e(tcei,r rc;m) thi::rller:::Lsnsn(nv:;) wall thickness (t, mm)
t<4.38 48<t<6.4 6.4<t<79 7.9<t<9.5 9.5<t
d<150 4.8 1.0 0.2 0.2 0.2 0.2
150 <d <450 6.4 1.0 0.4 0.2 0.2
450 <d <600 7.9 1.0 0.2 0.2
600 <d <900 9.5 1.0 0.2
900 <d <1050 11.9 1.0
1050 <d 12.7 1.0
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Table 4. Correction value for depth of cover (Kpc).

Table 6. Correction value for prevention measure (Kpy).

Depth of cover [h, m] Correction value

Prevention measure Correction value

Table 5. Correction value for location (Kpp).

Location Correction value
Rural 0.81
Suburban 3.16
Town 18.77

1.6km

Hazard range

Center of pipeline

| v

Fig. 3. Estimation of population density.
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A :cross-section area of pipeline (m?)

d  :pipe diameter (m)

Fy :frequency of all incident outcome cases affecting
N or more people (1/year)

H, :heat of combustion (J/kg)

h  :distance from pipeline to a specified point (m)

1 :radiational heat flux at the location of interest
(W/m?)

L :pipe length from gas supply station to leak
point (m)

[+ :end of hazard section (m)

N :expected number of fatalities (person)

P :probability of death

P, :stagnation pressure at operating condition (N/
m?)

Pr : Probability unit

Py :water partial pressure (N/m?)

Q :rate of gas release from a hole (kg/s)

R :hazard range (m)

r :radial distance from fire (m)

t : expose time (sec)

u  :unit function

Xs  :path length distance form the flame surface to
the target (m)

SHEXL

i :accident scenarios such as small, medium and

great hole on the pipeline
x, y :location x, y

J2|a 22Xt
o; :dimensionless hole size
1 :ratio of total heat radiated to total heat released

from fire

AR 7L AR} He A+
¢  :expected failure rate per unit pipe length (1/
year * km)
T, :atmospheric transmissivity
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