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Abstract - Reliability based design and assessment (RBDA) methodology is one of the newest directions of
natural gas pipeline design method. Reliability targets are used to ensure that safety levels are met relevant
limit states in the stage of design and maintenance. The target reliability for ultimate limit states such as large
leak and rupture were developed using tolerable risk criteria for individual and societal risk[1]. This paper
shows the reliability target can be met through the implementation of periodic maintenance measures during
the life cycle of the pipelines. The case study involves the calculation of the failure probability due to
equipment impact, the calculation of the failure probability due to corrosion, and the estimation the
re-inspection interval for domestic natural gas transmission pipelines.
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Fig. 1. Overview of RBDA process.
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Fig. 2. Target reliability by CSA Z662[3].
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Table 1. Test cases used for reliability assessment
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Table 2. Input values for basic events of fault tree

. Class Basic Description Applied Probabili}
Test Grad Diameter{Thickness| Operating location event SCrip level ty
rade ressure
case (mm) | (mm) p(MPa) Population <Excavation
eople/ha Activity rate around buried frequency>
(people/ha) Bl y Y
7} pipeline [day/km-yr] Location: 7} 4
o . s A
Case #1 APL 3L 762 175 7 Location: U 0.5
X65 100 B2 Dangerous activity on | Operator attends 001
O pipeline alignment during dig '
Depth of
case #2 | AP 260 | 143 7 <Depth of cover>
X65 18 . High pressure :
B3 Excavation depth exceeds 12m 05
API 5L 7} the depth of cover Midium pressure :
Case #3 X70 762 159 7 1.0m 0.83
100 B4 Function failure of Protection slab 02
U protection slab Installed ’
API 5L .
Case #4 762 12.7 7 . . Warning tapes
X70 18 B5 Failure of warning tapes installed 0.333
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Table 3. Input variable distributions for mechani-
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Table 4. Input variable distributions for external

cal damage[8] corrosion
Input variable Distribution| Mean | Std. Dev. Input variable Distribution | Mean | Std. Dev. | Ref.
Excavator tooth Uniform 20 284 Defect density*/km | Deterministic| 0.1 N/A
length[mm]
Excavator . Defect depth growth .
tooth width[mm] Uniform 35 0.875 rate[mm)yr] Weibull 0.16 0.08 [3]
Excavator
. Gamma 15.2 10.8
weight[tone] Defect length growth Lognormal 27 9.45 [3]
Ultimate tensile rate[mm/yr]
strength/SMTS* Normal 1.12 0.039 Operat "
erating pressure
Ultimate yield /MAOP Gumbel 1.05 0.02 [3]
strength/SMY S+ Normal 1.08 0.036
*SMTS: Specified Minimum Tensile Strength Diameter/Nominal | Normal 10| 0001 | ]
**SMYS: Specified Minimum Yield Strength Thickness/Nominal Normal 1.0 0.01 [9]
_ _ * Defect density represents significant corrosion defect
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Table 5. Target reliability of test cases

Ultimate limit state target reliability
Test .
h ses| Mech: 1
case All causes Other causes Mechanical External
Eq. (1)) (1/3 of total| damage corrosion
’ failure prob.) (refer 2.2) i

Case #1 1-1.67E-8 | 1-5.56E-9 | 1-5.16E-9 | 1-5.95E-9
Case #2 1-2.59E-7 | 1-8.64E-8 | 1-1.29E-8 | 1-1.60E-7
Case #3 1-1.67E-8 | 1-5.56E-9 | 1-2.93E-10 | 1-1.08E-8
Case #4 1-2.59E-7 | 1-8.64E-8 | 1-4.24E-8 | 1-1.30E-7
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Fig. 3. Corrosion reliability for test case #1.
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