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A corrosion risk assessment method for underground gas storage ground pipeline based on data
and knowledge dual drivers

BI Caixia

(Sinopec Petroleum Exploration and Production Research Institute, Beijing 102206, China)

Abstract: The research and application of risk analysis and evaluation for underground gas storage facilities are critical due to their diverse
equipment, complex process flows, and numerous risk factors. In particular, corrosion failure accidents in ground process pipelines at these
facilities have become increasingly common in recent years. Effective and accurate analysis of the causes of these corrosion failures is
essential for ensuring the safe operation of underground gas storage facilities. This article presents a risk assessment methodology that
leverages data and knowledge fusion. The process begins with a statistical analysis of the corrosion failure data from ground process pipelines
in underground gas storage facilities, from which a Bayesian corrosion prediction model is developed. This model serves as the foundation for
analyzing the basic events that lead to corrosion failure in these pipelines. Subsequently, a knowledge model of corrosion failure is
established, and a detailed analysis of corrosion causes is conducted using the fault tree specific to corrosion failure in ground process
pipelines. The importance of each basic event within the fault tree is quantified through the structural importance coefficient assigned to each
event. The analysis categorizes the influencing factors of corrosion failure into four main groups. A judgment matrix is then created to
determine the relative weight values of these different influencing factors. This matrix is crucial for setting the weight factors in the fuzzy
comprehensive evaluation, which ultimately determines the risk level of corrosion failure in ground process pipelines at underground gas
storage facilities. By applying examples of corrosion risk assessments for ground process pipelines, this study provides a scientific basis for
enhancing safety management and operational practices at underground gas storage facilities.
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Table 4 Minimum cut set for corrosion failure of surface process pipelines in underground gas storage facilities

P oI bz IR/ Fre dRhEIE P IR/ NEISE e IR/

1 (X.X,.X,,) 50 (X, X, X,) 99 (X,.X,.X,,) 148 {X,X,.X,) 197 (XX, X,.}

2 1X,X,,.X,,) 51 (XXX 100 (XXX ||149  {X.X,.X,) 198 (X, X, X, )

3 (X,.X,,.X,,) 52 (X, XX 101 (X, X,,.X,,) || 150 (XXX, X, X0} | 199 (X, X, X))

4 (XX, X,,) 53 (XXX, 102 (XXX, ||151 (X,.X, XS} 200 (X,,X,,,X,.)

50X XXXl 54 XXX 103 (X, XX, |[152 (XXX} 201 (X,,X,,,X,,)

6 (XX, X,,) 55 (XXX 104 (X,X,,.X,) || 153 {X X)) 202 (X, X,,,X,,)

7 (XX, X,,) 56 (XX, X0 105 (X, X,.X,) || 154 X, 203 (X, sz,x J

8 (XX X,,) 57 X X0 X 106 {X,.X,.,X,,) 155 {X,, Q} 204 XX

9 (XX, X,,) 58 (XXX 107 (XXX || 156 (XXX, 205 {xﬁ,x“,xy}

10 {x,, X,) 59 (XXX 108 (X, X, X,) || 157 (XXX, 206 (XX, X,,)

11 (XX, X,,) 60 (X X0 Xl 109 (XXX, || 158 (XXX} 207 (XX, X,

12 {X,.X,.X,,) 61 (X X0 X} 10 (X, XX [[159 (XXX, 208 (X, X, X,)

13 (X, X,.X,) 62 (XX, X M1 (XXX, || 160 (XXX, 209 Xy X, X, )

14 (X,.X,.X,) 63 (XXX, 12 (X, XX, || 161 (X,.X,.X,,) 210 (XX, X,,)

15 (X,.X,.X,) 64 (XXX, 13 (X, XX, |[162 (XXX} 211 (X X0 X,

16 (XX, X,) 65 (XXX, 14 (X, X,.X,) |[163 (XXX, 212 (X X0 X0}

17 (XX, X,,) 66 (XXX} 15 (X, XX, |[164  (X.X,.X,) 213 (X X,0 X,

18 (XX, X,,) 67 (XXX, 116 (X,X,.X,} || 165 {X,, W X,,) 214 (XX, X, )

19 (X, X, X,) 68 (XXX, 17 (XXX || 166 (XXX, 215 (XX, X}

20 (X, X X ) 69 (XXX, 18 (X, XX, |[167 (XXX} 216 (X Xy Xo)

21 (X, X X,) 70 (XX, X 119 (X,X,.X,) || 168 {xl,xg,xw} 217 (X Xy X0}

22 XXX ) 71 (XX, X} 120 (X, XX, || 169 (XXX, 218 (XX, X, )
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Fig. 7 Fault tree for corrosion failure inside surface process pipelines in underground gas storage facilities
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Table 6 Corrosion failure factors in surface process
pipelines of underground gas storage facilities
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Table 8 Evaluation of corrosion damage in surface
process pipelines of underground gas storage facilities
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