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Abstract - Buried natural gas pipelines in densely populated urban areas have serious hazards
of property damages and casualties generated by release, dispersion, fire and explosion of gas
caused by outside or inside failures. So as to prevent any accident in advance, managers implement
danger management based on quantitative risk analysis. In order to evaluate quantitative risk
about buried natural gas pipelines, we need calculation for radiant heat and pressure wave caused
by calculation for release rate of chemical material, dispersion analysis, fire or explosion modeling
through consequence analysis in priority, in this paper, we carry out calculation for release rate
of pressured natural gas, radiant heat of fireball based in accident scenario of actual “San Bruno”
buried high pressured pipelines through models which CCPS, TNO provide and compare with
an actual damage result.
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Fig. 1. The stages of QRA for pipeline.
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Table 1. Standard of Hole size in API 581[6]

Hole Size Range Representative Value
Small 0 - 0.25 inch 0.25 inch
Medium 0.25 - 2 inch 1 inch
Large 2 - 6 inch 4 inch
Rupture > 6 inch -

Table 2. Standard of Hole size in HSE[7]

Hole Size Range
Pinhole < 25mm
Hole 40mm
Hole 110mm
Rupture > Pipeline Diameter

Table 3. Standard of Hole size in EGIG 8th re-

port[8]
Hole Size Range
Pinhole < 25mm

Hole 40mm

Hole 110mm
Rupture > Pipeline Diameter
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2.3.1. CCPS Rupture model
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Fig. 2. Event tree for a natural gas pipeline fail-
ure in IGEM TD/2[9].
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Fig. 3. Event tree for a natural gas pipeline fail-
ure in BSI PD 8010-3[10].
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2.3.2. TNO Source model
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2.4.1. CCPS Fireball model

CCPS9] Fireball model2 JUl5=E 53 87
Aol gole wHEYon 7].0#/‘4“;5_],] AeEs B
o] fireball®] 27 D, ol ho} ALAZE T
g} 1 4L 2)(10), A4(11), 2(12), 413)3 2ok
[11].

D, =58M"* (10)
h=0.75D,),. (11)
t, =0.45M"%  For M<30,000kg 12)
t, =2.6M°  For M>30,000kg (13)

FireballZ U3) A= BALE S 3714 WL
Z A4k, o] AtolA ARSEE Ak 7]
&S A gote] BEALEo] AaEE dFS Y]
g, AhEE B, YA R VAR £49 4
& m, fireball?} 3] ATl x & AMESt E4
gk ol o] 2lo|t}.

2.27, RIJFmQ/ 3
N (14)
dr X’
2.4.2. TNO Fireball model
TNO = Ut—ﬂ 5!:_-3]_ CCPS ntﬂJ,]_ 71-0] 1,:%%
gk S| Z7), ALAE EolE T
A Aol ek 2919 TelsEths Aol
t}. Fireball®] 27, A&7k Fol= 2(15),
(16), /5}(17)9]- ZYH12].

fo

1> %0 of

D, =3.24M"3% -
h=2D_ . 0
e (17)

- 70 -



AN A b)) 2ol uhE Abassed gia]

Fireball 2 28] WA sl BALYE &
Ao Akt

= (X2 h?)?

B =Dy /2)?

view

F, =0.00325 % (P, )"

= 2.02(10“‘&)—0.09

5328

P, =101325(RH)exp(14.4114— )

N

q'=SEPXF,

view

. SAtE dE 7|&E

AT

AALE BAd 2 Q1% J3 &
fireballo] &% == AE Ul

o) =
AT

SEE!

A
Al

Table 4. Standard of TDU in HSE[13]
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(21)

(22)
(23)

(24)

a7 falAe
Aol A )

Thermal Dose Unit(TDU) Effect
3500 100% fatality
2000 50% fatality
1800 50% fatality with radiation
only to the front or back
1000 1-5% fatality
290 Escape impede

Table 5. Standard of TDU, radiation in DNV[14]

ﬂi‘(’ifwo;z) Effect
40kW/m® Building ignition from, 100% fatality
35kW/m’ 100% fatality
3500TDU for people outdoors(rupture or hole)
1800TDU 50% fatality for people outdoors(rupture)
1000TDU 1% fatality for people outdoors(rupture)
25kW/m’ 1% fatality for people indoors(hole)
6kW/m2 1% fatality for people outdoors(hole)
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Fig. 4. Calculated release rate of San Bruno acci-
dent using CCPS and TNO source model.
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Fig. 5. Comparison of CCPS, TNO gas released
model and the actual amount of gas rele-
ased in San Bruno.
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Table 7. Natural gas pipeline accident in San Bruno

Type Rupture

Pipe diameter 762mm
Pipe wall thickness 9.5mm

Pressure 2.6MPa

Pipe length 74km
Released point 63km
Temperature 64°F
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Fig. 6. Calculated radiant heat of fireball based on
CCPS, TNO gas released model at each dis-
tances.
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Fig. 7. Calculated TDU of fireball based on
CCPS, TNO gas released model at each
distances.
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