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Analysis of HSE’s Transco Database to assess effects of reducing Natural Failure Rupture Rate by a Factor of 10
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1
Introduction
At the Risk Assessment Work Group meeting at Warwick held on 24 February 2006, G Leach (PIE) presented the case for adopting a lower background failure rate for Natural failures in the UK. The most conservative background rupture failure rate for UK pipelines was shown to be below 2 x 10-10 per metres per year. In past analyses for assessing Land Use Planning Zones, HSE have used a background rupture rate of 2 x 10-9 per metre per year.

This note analyses the effect on the of UK natural gas pipeline LUP risk assessments carried out by HSE to assess which pipelines would be affected significantly by this change in natural failure rupture rate.

2
Discussion
The HSE table of natural gas pipelines for the UK gas network contains data on the 6 items notified to HSE by the UK gas industry.  For the 2003 Transco table of data, the items are:  pipeline diameter, wall thickness, maximum allowable operating pressure, depth of cover, material, and area classification.  

From this HSE are able to derive Design Factor and using PIPIN, their 3rd Party predictive model derives failure rates for double-ended rupture, 100 mm, 75 mm and 25 mm holes. Total failure rates for each hole size are derived by adding a small contribution for mechanical failure rates and corrosion failure rates, and a substantial contribution from natural failure rates. The MISHAP set of models then derives the risk levels to 1 cpm (10-6 per year) and 0.3 cpm (3 x 10-7 per year).  

Finally HSE assign Land Use Planning zones by setting the Inner Zone to 1 BPD, the Middle zone to the 1 cpm risk distance and the Outer Zone to 0.3 cpm risk distance (rounded-up to the nearest 10 metres).  If the Middle (and Outer) zone is less than the BPD, the zone distance is set to the BPD

In reality, for most pipeline diameters, only the rupture rate contributes significantly to the derivation of the Middle and Outer zones.  Therefore the current level of natural rupture rate applied by HSE 2 x 10-9 per metre per year is a substantial contributor to the risk zones obtained for Land Use Planning for many of the pipeline cases.  

The listing of HSE pipeline calculation cases contains 759 calculations for pipelines with diameters 1219 mm down to 168 mm.   From this total, 107 cases have been identified where the contribution from natural rupture frequency exceeds 50% of the total rupture frequency.  Of these 107 cases, in only 48 cases is a substantial (>20%) change in Middle or Outer Zones achieved by adopting the lower natural rupture rate.  These cases all appear to be for larger diameter pipelines (457 mm and above).

R A McConnell
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Summary of LUP calculations for natural gas pipelines encountered in Transco's January 2003 database

Listing of cases where Ground Movement Rupture Rate Exceeds 50% of total rupture rate, and effect of reducing

After inclusion of BPD  Substantial

Natural Failure Rupture Rate from 2 x 10-9 per metre to 2 x 10-10 per metre

       and rounding New New New Change?

Diameter MAOP Wall Material Credited DOC DF Class BPD(Ed.4) Rupture Large Small Pin 10cpm 1cpm 0.3cpm IZ MZ OZ Rupture 1cpm 0.3 cpm

1

1219.2 75 19.1 X65 1100 0.534 R-pipe 117.5 2.41E-09 9.23E-10 9.10E-09 1.27E-07 0 4 371 120 120 380 4.10E-10 0 33 YES

2

1219.2 75 15.88 X80 1100 0.523 R-pipe 117.5 3.16E-09 9.46E-10 9.23E-09 1.28E-07 0 183 383 120 185 390 1.16E-09 0 310 YES

3

1219.2 75 15.1 X80 1100 0.550 R-pipe 117.5 3.75E-09 9.62E-10 9.31E-09 1.29E-07 0 267 386 120 270 390 1.75E-09 0 356 YES

4

1219.2 70 15.9 X65 1100 0.599 R-pipe 113.4 3.45E-09 9.54E-10 9.27E-09 1.29E-07 0 210 372 115 210 380 1.45E-09 9 338 YES

5

1219.2 70 15.1 X80 1100 0.513 R-pipe 113.4 3.43E-09 9.57E-10 9.28E-09 1.29E-07 0 207 371 115 210 380 1.43E-09 7 336 YES

6

1219.2 38 15.88 X65 1100 0.326 R-pipe 87.1 2.37E-09 9.34E-10 9.16E-09 1.28E-07 0 0 251 90 90 260 3.70E-10 0 6 YES

7

1219.2 36.5 17.48 X65 1100 0.284 S-pipe 3.0 2.59E-09 9.55E-10 9.02E-09 1.26E-07 0 0 179 3 3 180 5.90E-10 0 20 YES

8

1066.8 48.2 14.27 X60 1100 0.436 R-pipe 77.2 3.09E-09 9.84E-10 9.31E-09 1.33E-07 0 4 257 80 80 260 1.09E-09 0 164 YES

9

1066.8 38 19.05 X65 1100 0.238 S-pipe 3.0 2.40E-09 9.28E-10 9.02E-09 1.26E-07 0 0 175 3 3 175 4.00E-10 0 5 YES

10

1066.8 32 14.27 X60 1100 0.290 S-pipe 3.0 3.85E-09 1.09E-09 9.88E-09 1.38E-07 0 2 198 3 3 200 1.85E-09 0 170 YES

11

914.4 75 15.88 X60 900 0.523 R-pipe 81.3 3.71E-09 9.66E-10 9.35E-09 1.29E-07 0 15 278 85 85 280 1.71E-09 0 220 YES

12

914.4 70 19.05 X60 1100 0.407 S-pipe 3.0 2.86E-09 9.46E-10 9.02E-09 1.26E-07 0 0 190 3 3 190 8.60E-10 0 57 YES

12

914.4 70 15.88 X56 900 0.522 R-pipe 78.0 3.62E-09 9.66E-10 9.34E-09 1.29E-07 0 5 266 80 80 270 1.62E-09 0 212 YES

14

914.4 70 15.88 X60 1100 0.488 R-pipe 78.0 2.88E-09 9.42E-10 9.20E-09 1.28E-07 0 3 257 80 80 260 8.80E-10 0 79 YES

15

914.4 70 15.88 X60 1000 0.488 R-pipe 78.0 3.05E-09 9.48E-10 9.24E-09 1.28E-07 0 4 259 80 80 260 1.05E-09 0 156 YES

16

914.4 70 15.88 X60 900 0.488 R-pipe 78.0 3.43E-09 9.61E-10 9.32E-09 1.29E-07 0 4 264 80 80 270 1.43E-09 0 205 YES

17

914.4 70 14.27 X60 1100 0.543 R-pipe 78.0 4.06E-09 1.00E-09 9.40E-09 1.34E-07 0 61 269 80 80 270 2.06E-09 11 241 YES

18

914.4 55 15.88 X65 1100 0.353 R-pipe 68.0 2.47E-09 9.35E-10 9.16E-09 1.28E-07 0 0 209 70 70 210 4.70E-10 0 18 YES

19

914.4 44.8 12.7 X60 1100 0.391 R-pipe 61.2 3.73E-09 1.02E-09 9.51E-09 1.34E-07 0 2 216 65 65 220 1.73E-09 0 120 YES

20

914.4 38 19.05 X60 1100 0.221 S-pipe 3.0 2.15E-09 1.25E-09 9.02E-09 1.26E-07 0 0 116 3 3 120 1.50E-10 0 0 YES

21

914.4 38 12.7 X60 1100 0.331 R-pipe 56.7 3.23E-09 1.01E-09 9.45E-09 1.34E-07 0 0 191 60 60 195 1.23E-09 0 23 YES

22

914.4 38 12.7 X60 1000 0.331 R-pipe 56.7 3.46E-09 1.03E-09 9.53E-09 1.34E-07 0 1 195 60 60 195 1.46E-09 0 26 YES

23

762 70 15.88 X52 1100 0.469 R-pipe 62.3 2.82E-09 9.40E-10 9.20E-09 1.28E-07 0 0 205 65 65 210 8.20E-10 0 27 YES

24

762 42.7 15.88 X52 1100 0.286 S-pipe 3.0 3.14E-09 9.93E-10 9.02E-09 1.26E-07 0 0 128 3 3 130 1.14E-09 0 18 YES

25

762 39.2 15.88 X52 1100 0.263 S-pipe 3.0 2.98E-09 9.88E-10 9.02E-09 1.26E-07 0 0 117 3 3 120 9.80E-10 0 6 YES

26

762 39.2 12.7 X52 1100 0.328 R-pipe 46.2 3.20E-09 1.01E-09 9.44E-09 1.34E-07 0 0 148 47 47 150 1.20E-09 0 17 YES

27

762 39.2 11.91 X52 1100 0.350 R-pipe 46.2 3.90E-09 1.05E-09 9.62E-09 1.35E-07 0 0 158 47 47 160 1.90E-09 0 35 YES

28

762 38 15.88 X52 1100 0.255 S-pipe 3.0 2.92E-09 9.86E-10 9.02E-09 1.26E-07 0 0 111 3 3 115 9.20E-10 0 6 YES

29

762 38 15.88 X52 1000 0.255 S-pipe 3.0 3.10E-09 1.00E-09 9.02E-09 1.26E-07 0 0 116 3 3 120 1.10E-09 0 12 YES

30

762 38 15.88 X52 900 0.255 S-pipe 3.0 3.50E-09 1.03E-09 9.02E-09 1.26E-07 0 0 123 3 3 125 1.50E-09 0 23 YES

31

762 38 11.91 X52 1100 0.340 R-pipe 45.5 3.78E-09 1.05E-09 9.61E-09 1.35E-07 0 0 155 46 46 155 1.78E-09 0 26 YES

32

762 37.2 14.27 X52 1100 0.277 S-pipe 3.0 3.90E-09 1.08E-09 9.87E-09 1.38E-07 0 0 125 3 3 125 1.90E-09 0 26 YES

33

762 33.1 15.88 X60 1100 0.192 S-pipe 3.0 2.98E-09 9.88E-10 9.02E-09 1.26E-07 0 0 101 3 3 105 9.80E-10 0 0 YES

34

762 12.7 11.91 X52 1100 0.113 S-pipe 3.0 3.21E-09 1.25E-09 1.07E-08 1.43E-07 0 0 5 3 3 5 1.21E-09 0 0 no 

35

609.6 70 14.27 X52 1100 0.418 R-pipe 49.4 3.23E-09 9.81E-10 9.30E-09 1.33E-07 0 0 156 50 50 160 1.23E-09 0 28 YES

36

609.6 48.3 12.7 X52 1000 0.324 R-pipe 39.6 3.56E-09 1.02E-09 9.51E-09 1.34E-07 0 0 127 40 40 130 1.56E-09 0 21 YES

37

609.6 42 11.91 X46 1100 0.339 R-pipe 36.8 3.81E-09 1.04E-09 9.58E-09 1.35E-07 0 0 117 37 37 120 1.81E-09 0 23 YES

38

609.6 42 11.91 X52 1100 0.300 R-pipe 36.8 3.57E-09 1.03E-09 9.55E-09 1.34E-07 0 0 113 37 37 115 1.57E-09 0 17 YES

39

609.6 42 11.91 X52 1000 0.300 R-pipe 36.8 3.87E-09 1.05E-09 9.66E-09 1.35E-07 0 0 118 37 37 120 1.87E-09 0 24 YES

40

609.6 42 11.91 X52 1000 0.300 R-pipe 36.8 3.87E-09 1.05E-09 9.66E-09 1.35E-07 0 0 118 37 37 120 1.87E-09 0 24 YES

41

609.6 38 15.88 X52 1000 0.204 S-pipe 3.0 2.79E-09 9.95E-10 9.02E-09 1.26E-07 0 0 43 3 3 43 7.90E-10 0 0 YES

42

609.6 38 15.88 X52 830 0.204 S-pipe 3.0 3.21E-09 1.04E-09 9.02E-09 1.26E-07 0 0 71 3 3 75 1.21E-09 0 0 YES

43

609.6 38 14.27 X52 1000 0.227 S-pipe 3.0 3.88E-09 1.10E-09 9.97E-09 1.39E-07 0 0 89 3 3 90 1.88E-09 0 21 YES

44

609.6 37.2 15.88 X46 1100 0.225 S-pipe 3.0 2.76E-09 9.79E-10 9.02E-09 1.26E-07 0 0 34 3 3 34 7.60E-10 0 0 YES

45

609.6 32 14.27 X52 1100 0.191 S-pipe 3.0 3.20E-09 1.06E-09 9.03E-09 1.30E-07 0 0 52 3 3 55 1.20E-09 0 0 YES

46

609.6 26.2 14.27 X60 1100 0.136 S-pipe 3.0 2.69E-09 1.04E-09 9.03E-09 1.30E-07 0 0 4 3 3 4 6.90E-10 0 0 no 

47

609.6 19 17.48 X60 1100 0.080 S-pipe 3.0 2.07E-09 9.23E-10 9.02E-09 1.26E-07 0 0 3 3 3 3 7.00E-11 0 0 no 

48

609.6 19 15.88 X52 1100 0.102 S-pipe 3.0 2.09E-09 9.30E-10 9.02E-09 1.26E-07 0 0 3 3 3 3 9.00E-11 0 0 no 
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609.6 19 14.27 X52 1100 0.113 S-pipe 3.0 2.50E-09 1.02E-09 9.03E-09 1.30E-07 0 0 3 3 3 3 5.00E-10 0 0 no 

50

609.6 19 11.91 X52 1100 0.136 S-pipe 3.0 3.74E-09 1.25E-09 1.07E-08 1.43E-07 0 0 20 3 3 20 1.74E-09 0 0 YES

51

609.6 13.9 17.48 X52 830 0.068 S-pipe 3.0 2.06E-09 9.25E-10 9.02E-09 1.26E-07 0 0 2 3 3 3 6.00E-11 0 0 no 

52

609.6 13.9 12.7 X52 1000 0.093 S-pipe 3.0 2.93E-09 1.20E-09 1.05E-08 1.42E-07 0 0 3 3 3 3 9.30E-10 0 0 no 

53

609.6 13.9 12.7 X52 600 0.093 S-pipe 3.0 3.80E-09 1.47E-09 1.19E-08 1.54E-07 0 0 4 3 3 4 1.80E-09 0 0 no 

54

609.6 13.9 11.91 X52 1000 0.099 S-pipe 3.0 3.30E-09 1.26E-09 9.03E-09 1.30E-07 0 0 3 3 3 3 1.30E-09 0 0 no 

55

609.6 13.9 11.91 X52 830 0.099 S-pipe 3.0 3.99E-09 1.44E-09 9.03E-09 1.30E-07 0 0 5 3 3 5 1.99E-09 0 0 no 

56

609.6 10.4 12.7 X52 1100 0.070 S-pipe 3.0 2.43E-09 1.05E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 4.30E-10 0 0 no 

57

609.6 9.9 14.27 X52 1100 0.059 S-pipe 3.0 2.15E-09 9.59E-10 9.03E-09 1.30E-07 0 0 2 3 3 3 1.50E-10 0 0 no 

58

457.2 70 15.88 X52 1100 0.281 S-pipe 3.0 3.42E-09 9.84E-10 9.02E-09 1.26E-07 0 0 73 3 3 75 1.42E-09 0 20 YES

59

457.2 38 14.27 X46 1000 0.192 S-pipe 3.0 3.53E-09 1.08E-09 9.03E-09 1.30E-07 0 0 11 3 3 11 1.53E-09 0 0 YES

60

457.2 15 11.91 X52 1100 0.080 S-pipe 3.0 3.01E-09 1.22E-09 9.03E-09 1.30E-07 0 0 3 3 3 3 1.01E-09 0 0 no 

61

457.2 13.9 11.91 X52 860 0.075 S-pipe 3.0 3.60E-09 1.41E-09 9.03E-09 1.30E-07 0 0 3 3 3 3 1.60E-09 0 0 no 

62

406.4 59 15.88 X52 1100 0.211 S-pipe 3.0 3.23E-09 9.10E-10 9.02E-09 1.26E-07 0 0 14 3 3 14 1.23E-09 0 0 YES

63

406.4 26.2 12.7 X52 1100 0.117 S-pipe 3.0 3.33E-09 1.15E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.33E-09 0 0 no 

64

323.8 40 12.7 X52 1100 0.142 S-pipe 3.0 3.98E-09 1.14E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.98E-09 0 0 no 

65

323.8 38 12.7 X52 1100 0.135 S-pipe 3.0 3.85E-09 1.14E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.85E-09 0 0 no 

66

323.8 37.2 12.7 X52 1100 0.132 S-pipe 3.0 3.79E-09 1.14E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.79E-09 0 0 no 

67

323.8 32 12.7 X52 1100 0.114 S-pipe 3.0 3.46E-09 1.14E-09 9.03E-09 1.30E-07 0 0 3 3 3 3 1.46E-09 0 0 no 

68

323.8 26.2 12.7 X52 1100 0.093 S-pipe 3.0 3.11E-09 1.14E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.11E-09 0 0 no 

69

323.8 24.1 12.7 X52 1100 0.086 S-pipe 3.0 2.99E-09 1.14E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 9.90E-10 0 0 no 

70

323.8 19 12.7 X52 1100 0.068 S-pipe 3.0 2.69E-09 1.11E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 6.90E-10 0 0 no 

71

323.8 19 12.7 X52 1000 0.068 S-pipe 3.0 2.81E-09 1.14E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 8.10E-10 0 0 no 

72

323.8 17.2 12.7 X52 900 0.061 S-pipe 3.0 2.93E-09 1.19E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 9.30E-10 0 0 no 

73

323.8 13.79 12.7 X46 900 0.055 S-pipe 3.0 2.65E-09 1.14E-09 9.03E-09 1.30E-07 0 0 1 3 3 3 6.50E-10 0 0 no 

74

323.8 13.7 12.7 X52 1100 0.049 S-pipe 3.0 2.40E-09 1.05E-09 9.03E-09 1.30E-07 0 0 1 3 3 3 4.00E-10 0 0 no 

75

273 42 12.7 X46 1100 0.142 S-pipe 3.0 3.99E-09 1.13E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.99E-09 0 0 no 

76

273 33.1 10.31 X46 900 0.138 S-pipe 8.2 3.77E-09 1.77E-09 9.03E-09 1.30E-07 0 0 3 9 9 9 1.77E-09 0 0 no 

77

273 32 12.7 X46 1100 0.108 S-pipe 3.0 3.35E-09 1.13E-09 1.02E-08 1.41E-07 0 0 3 3 3 3 1.35E-09 0 0 no 

78

273 17 12.7 X46 1100 0.058 S-pipe 3.0 2.50E-09 1.06E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 5.00E-10 0 0 no 

79

273 15.2 12.7 X46 1100 0.052 S-pipe 3.0 2.41E-09 1.05E-09 9.03E-09 1.30E-07 0 0 1 3 3 3 4.10E-10 0 0 no 

80

273 9.25 9.52 X46 1100 0.042 S-pipe 6.5 3.61E-09 1.64E-09 9.26E-09 2.10E-07 0 0 3 7 7 7 1.61E-09 0 0 no 

81

219.1 37.2 12.7 X42 1100 0.111 S-pipe 3.0 3.29E-09 1.10E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.29E-09 0 0 no 

82

219.1 33.1 12.7 X42 1100 0.099 S-pipe 3.0 3.06E-09 1.08E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.06E-09 0 0 no 

83

219.1 33.1 12.7 X42 900 0.099 S-pipe 3.0 3.71E-09 1.17E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.71E-09 0 0 no 

84

219.1 32.6 12.7 X42 1100 0.097 S-pipe 3.0 3.03E-09 1.08E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.03E-09 0 0 no 

85

219.1 32 12.7 X42 1100 0.096 S-pipe 3.0 3.00E-09 1.07E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.00E-09 0 0 no 

86

219.1 24.1 12.7 X42 1100 0.072 S-pipe 3.0 2.56E-09 1.02E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 5.60E-10 0 0 no 

87

219.1 24 12.7 X42 1100 0.072 S-pipe 3.0 2.55E-09 1.02E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 5.50E-10 0 0 no 

88

219.1 19 12.7 X42 1100 0.057 S-pipe 3.0 2.07E-09 9.80E-10 9.03E-09 1.31E-07 0 0 2 3 3 3 7.00E-11 0 0 no 

89

219.1 18.96 12.7 X42 1100 0.057 S-pipe 3.0 2.08E-09 9.80E-10 9.03E-09 1.30E-07 0 0 2 3 3 3 8.00E-11 0 0 no 

90

219.1 17.2 12.7 X42 1100 0.051 S-pipe 3.0 2.25E-09 9.69E-10 9.03E-09 1.30E-07 0 0 2 3 3 3 2.50E-10 0 0 no 

91

219.1 17 12.7 X42 1000 0.051 S-pipe 3.0 2.28E-09 9.74E-10 9.03E-09 1.30E-07 0 0 2 3 3 3 2.80E-10 0 0 no 

92

219.1 13.8 12.7 X42 1100 0.041 S-pipe 3.0 2.15E-09 9.52E-10 9.03E-09 1.30E-07 0 0 1 3 3 3 1.50E-10 0 0 no 

93

219.1 10 12.7 X42 1100 0.030 S-pipe 3.0 2.08E-09 9.40E-10 9.03E-09 1.30E-07 0 0 5 3 3 5 8.00E-11 0 0 no 

94

219.1 9.9 9.52 X46 1100 0.036 S-pipe 6.6 3.46E-09 1.58E-09 9.26E-09 2.10E-07 0 0 6 7 7 7 1.46E-09 0 0 no 

95

168.3 38.6 11.91 X42 1100 0.094 S-pipe 3.0 3.83E-09 1.17E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.83E-09 0 0 no 

96

168.3 37.2 11.91 X42 1100 0.091 S-pipe 3.0 3.72E-09 1.17E-09 1.04E-08 1.43E-07 0 0 2 3 3 3 1.72E-09 0 0 no 

97

168.3 32 11.91 X42 1100 0.078 S-pipe 3.0 3.36E-09 1.15E-09 9.03E-09 1.30E-07 0 0 2 3 3 3 1.36E-09 0 0 no 

98

168.3 19 11.91 X42 1100 0.046 S-pipe 3.0 2.44E-09 1.02E-09 9.03E-09 1.30E-07 0 0 6 3 3 6 4.40E-10 0 0 no 

99

168.3 18.96 11.91 X42 1100 0.046 S-pipe 3.0 2.44E-09 1.02E-09 9.03E-09 1.30E-07 0 0 6 3 3 6 4.40E-10 0 0 no 

100

168.3 17 11.91 X42 1000 0.042 S-pipe 3.0 2.39E-09 1.01E-09 9.03E-09 1.30E-07 0 0 6 3 3 6 3.90E-10 0 0 no 

101

168.3 13.8 11.91 X42 1100 0.034 S-pipe 3.0 2.20E-09 9.71E-10 9.03E-09 1.30E-07 0 0 5 3 3 5 2.00E-10 0 0 no 

102

168.3 13.8 11.91 X42 1100 0.034 S-pipe 3.0 2.20E-09 9.71E-10 9.03E-09 1.30E-07 0 0 5 3 3 5 2.00E-10 0 0 no 

103

168.3 13.8 11.91 X42 900 0.034 S-pipe 3.0 2.30E-09 9.95E-10 9.03E-09 1.30E-07 0 0 5 3 3 5 3.00E-10 0 0 no 
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