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Table 1 Service failures in U. S. A. gas pipelines
(1970~1984)
Cause Number Percentage
Outside force 3,144 53.5
Material failure 990 16.9
Corrosion 972 16.6
Other 437 7.4
Construction Defect 284 4.8
Construction or material 45 0.8
Total 5,872 100
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Table 2 Causes of Corrosion Incidents in U. S. A. gas

pipelines (1970~1984)

fdr re & o ro

Cause Number %
External Corrosion 40
Internal Corrosion 27
Stress Corrosion Cracking 17
Other 16

Total 100

186

wjdZo] 6~1291%], 17%7} 12~24%1%], 41%7}
4~6090%) ooz JERY vime 7L ujio]
2B oo Alzel A4FF AEast A=
Feg & < Uk

Table 3 Causes of Qutside force incidents in U. S. A
gas pipelines (1970~1984)

Cause Number %
Equipement operated by outside party 67.1
Earth movement 1.3
Weather 10.8
Equipement operated by or for pipeline operator 7.3
Other 1.5

Total 100
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Table 4 Causes of EGIG Incidents (1982~1992)
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Table 5 Failure rates by cause in U. S. A. ail pipelines

(1982~1991)
Accident 10y.r total Fa.ill-ue/
acidents 1, 000miles/yr
Outside force 581 0.271
Crrosion 523 0.244
Other 496 0.232
Operator error 107 0. 050
Pipe defect 98 0. 046
Weld defect 54 0. 025
Relief equipment 52 0. 020
All causes 1,901 0. 888
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Table 6 Outside force subcategories in U. S, A, dil
pipelines (1962~1991)

Outside force breakdown myl,’ total Falllure/
accidents | 1,000miles/year
Damage by others 265 0. 206
Damage by operator 43 0.033
Natural forces 20 0.016
Other outside force 18 0.014
Ship anchor 4 0.003
Washout 3 0. 002
Landslide 2 0. 002
Subsidence 2 0.002
Frostheave 2 0.002
Fishing operation 2 0.002
Earthquake 0 0.000
Mudslide 0 0. 000

Table 7 Accident probabiliies, 2% by cause in U. S. A.

Table 9 Accident probabilities, % : outside-force
subcategories in U. S. A. ol pipelines
(1982~1991)

QOutside force 25-mile line 100-mile line 1,000-mile line
breakdown Iyear | Syear | 20year| Ivear | Syear | 20year| lyear | Syear | 20year
Damage by others §0.51 [ 2.5519.80 | 2.04 | 9.80 | 33.80(18.64}64.34|98.38
Damage by
operator
Natural forces 0.04 1 0.29§0.78]0.16 [ 0.78 4 3.07) 1.54} 7.49(26.75

Other outside force [ 0.04 [ 0.17  0.70 [ 0.14 | 0.70 | 2.76] 1.39 6.76[24.43

0.080.42 [ 166 | 0.33 [ 1.6 | 6.47] 3.29]|15.41|48.79

Ship anchor 0.00 { 0.04 | 0.16 | 0.03 ] 0.16 [ 0.621 0.31] 1.54] 6.04
Washout 0.00 [ 0.03]0.32]0.02]0.12( 0.47] 0.23] 1.16] 4.5
Landslide .00 0.02(0.0870.02]008( 03] 0.16 0.78] 3.07
Subsidence 0.00 [ 0.02]0.08}0.02]008f 03| 016} 0.78] 3.07
Frostheave 0.00 [0.02]0.08]0.02]008] 0.31) 0.16} 0.78] 3.07
Fishing operation { 0.00 [ 0.02 [ 0.08 | 0.02 [ 0.08 | 0.31] 0.16] 0.78| 3.07
Earthquake 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 [ 0.00[ 0.00] 0.001 0.00
Mudslide 0.00 [ 0.00 | 0.00 §0.00]0.00f 0.00f 0.00} 0.00] 0.00

ail pipelines (1982~1991) Table 10 Failure Rates on Canadian Lines (1955~1982)
) 25-mile line 100-mile line 1,000-mile line . . Failure/ Failure/
Accident cause = Service of Line .
Tyr | Syr | 200 | dyr | Syr | 2ye | lyr | Syr | 20y 1, 000km-years 1, 000mile-years

QOutside force 0.68 [ 3.33 112.69] 2.68 {12.69(41.88)23.76 | 74.24 | 99.56 Produces Water 16 9.9
Corrosion 0.61 | 3.01 [10.49] 2.41 | 11,49 33.64 | 21.67 ] 70.51 | 99.24 Multiphase 10 6.2

Other 0.58 | 2.85 10.941 2.29 | 10.94 | 37.07 | 20.67 | 68.59 | 99.03 ol 3 1.9

Operator error 012062 2.47| 0.50 | 2.47| 9.51| 4.87|22.11[63.19 Gas 2 1.2

Pipe defect 01110571 2.26] 0.46 | 2.26] 8.75] 4.47]20.45[59.9 Source: Energy Resources Conservation Board, Calgary
Weld defect 0.0610.31| 1.25) 0.25{ 1.25| 4.92| 2.49{11.85]39.61

Relief equipment 1 0.05 1 0.24 | 0.98] 0.20 | 0.98] 3.85] 1.94] 9.34§32.45

Table 8 Accident probabilities, % : various lengths in
U.S. A oil pipelines (1982~1991)

Length. Yers of exposure
Miles 1 5 10 15 20

1 0.09 0. 44 0.88 1.32 1.76

5 0.44 2.19 4. 34 6. 44 8.49

10 0.88 4.34 8.49 12.46 16.26

25 2.19 10. 50 19.90 | 28.31 35.83

50 4.4 19.90 35. 83 48. 60 58.82

100 8.49 35.83 58.82 73.58 83.05

150 12. 46 48.60 73.58 86.42 93.02
250 19.90 67.02 89.12 96.41 98.82
500 35.83 89.12 98.82 99. 87 99.99
750 48. 60 96. 41 99.87 | 100.00 | 100.00
1,000 58.82 98.82 99.99 | 100.00 | 100.00
1,500 73.58 99.87 | 100.00 | 100.00 | 100.00
2,000 83.05 99.99 | 100.00 | 100.00 | 100.00
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Table 11 Onshore percentage distribution in U. S. A.
gas pipelines (1984~1990)
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Incidents Ruptures | Leak
Corrosion 21 36 31
Outside force 20 3 7 Table 12 Data on incidents involving fatalities and
Constraction Defects 5 1 1 injuries in U. S. A. gas pipelines (1984~1990)
Material Defects 10 16 11 19841198571986119871198811989119%0] Total | Percent
Other 23 13 19 Number of Incidents Total glo||7jujufe| n
Total 100 100 100 Corrosion o 3f 1 1folop1] o6 8
Outside forces 11341276 6] 2 2 33
9] Table 11914 HEo] R 2o] HAALTE Construction Defects Ll 1fojoejopoft} 3 4
%A el H%E FLAL Ak WA [ e
2 g7t Aeg &dol ol 29, 7 2 Number of Injuries (|| 5|
@2 8203 E(20% X0, 0257 (250mm X 6. 4mm ) X 52, Number of Fatalities 716 6l ol 3{n]ol
72% SMYS)olth. E3FAEEE WA 46%
Table 13 Subdivision of cther category incidents in U. S. A. gas pipelines (1984~1990)
Number Property Damage Number Number
Subdivision Cause of Total, Maximum, of of
Incidents $1,000 $1,000 Injurues Fatalities
Branch Connection 1 160.0 160.0 0 0
Compressor Station 4 1726.0 1171.0 0 0
Compressor Station-Fire 9 1019.0 500. 0 4 1
Fire 25 3006. 0 1300.0 22 4
Rupture Due to Line Freeze 2 8.2 8.2 0 0
Girth Weld 3 195.1 128.0 0 0
Mechnical Component 14 1180.2 568. 9 8 1
Operator Judgement Error 11 50.6 50.0 13 2
Pig Trap/Sphere Receiver 3 0.0 0.0 1 0
Regulator Measurement station 4 240.0 150.0 2 0
Sabotage 1 0.0 0.0 0 0
Valve 6 723.4 500.0 0 0
Unknown 5 433.6 210.6 1 2
Total 88 7933.5 1300.0 43 9
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Table 14 Number of incidents by cause by
year-onshore in U. S. A. gas pipelines

21 BB MR

Table 16 Number of incidents by cause by
year-offshore in U. S. A. gas pipelines

(1984~1990) (1984~1990)
Cause 1984 | 1985 | 1986 | 19871 1988 | 1989|1990 | Total Cause 1984 | 1985 [ 1986 | 1987 | 1988 1989 [ 1990 | Total
. No. | 17} 301017115 20{ 6 115 . No. [ 4 4 1 5 4110( 10 38

Corrosion Corrosion

% | 28| 261151281928 21 % | 3329250736563 45
Qutside No.| 18| 47128 1 25|36 ] 27| 33| 214 Outside No.| 6| 5 1 31 6| 5] 2 28
Forces % {30 41424243346 40 Forces % {50 (3|2 |3 (5 (2/1]13 33
Construction |No. | 7 61 211 31 5 31 Construction [ No. | 1 1 1 2 0 1 0 6
Defects % | 12 6| 91 3 1 41 7 6 Defects % g1 71212 0f 6] 0 7
Material No. 71 12| 5 3 7 6 [ 13 53 Material No. 1 1 1 0 1 1 3 8
Defects % |12 13| 7 5 9 7118 10 Defects % 8 712 0 9 6119 9

No. | 11 191813 )22 12| 15| 123 No.| O 3 0 0 0 1 1 5
Other® > Other 2

% |18 171272 ]21)312 23 % 032 0 0 0 6 6 6

No. | 60 {115 67 | 60 | 8 | 81 | 72 | 536 No. | 12} 14 411011718116 8
Total Total

% | 21131115 15113] 100 % 1 14|16 S{12{13 2019 10

Other* : compressor station, fires, girth weld, mechanical component,
operator error, regular measurement station, sabotage, branch

connection, rupture due to freeze, pig trap incident.

Table 15 Total incident distribution by cause in U. S. A
gas pipelines (1984~1990)

Percentage Distribution Incidents
Cause - -

All Fatality & Injuly
Corrosion 24.6 8.2
Outside Forces 8.9 32.8
Construction Defects 5.9 41
Material Defects 9.8 6.8
Other 20.6 47.9
Total Incidents Used 621 73
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