Route 9 Detailed Feasibility Study Final Environmental Impact Assessment Report

Appendix 9A

Shell and Caltex Major LPG Failure Case Tables

Atkins China Ltd
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Route 9 Detailed Feasibility Study

Failure Case Frequency Calculation Shell

Base Frequency Factors

Shell

LPG Import by ship; tank failure;
Fraction
Presence of time
at Jetty  tank full
0.050 0.2

Case A 1

Tank Tanks
Rupture  per ship
2.00E-06 2

LPG Import by ship; tank failure;
Fraction
Presence of time
at Jetty  tank full
0.050 0.8

CaseA 2

Tank Tanks
Rupture  per ship

2.00E-06 2
CaseA 3 LPG Import by ship; Collision tank leak;
Striking / LPG Ships Passing  Tug assist Release

Passing peryear pervisit Modifier Prob
2.8E-4 60 1 1
CaseA 4 LPG Import by ship; Collision tank leak;
Striking/ LPG Ships Passing  Tug assist Release

Passing peryear pervisit Modifier Prob
2.8E4 60 1 1

CaseA § LPG Import by ship; Collision tank leak;

Striking / LPG Ships Passing  Tug assist Release
Passing peryear pervisit Modifier Prob
4.0E-6 60 2.52 1

CaseA 6 LPG Import by ship; Collision tank leak;

Striking/ LPG Ships Passing  Tug assist Release
Passing peryear pervisit Modifier Prob
4.0E-6 60 2.52 1

CaseB 1 Marine Loading Arms

Release
Prob
0.2

Base Cargo Modifier
Frequency unloadings
1.3E-4 60 1
CaseB 2 Marine Loading Arms
Release
Prob

Base Arms Modifier
Frequency (each of 2)
1.3E-4 1 1 1
CaseB 3 Jetty pipeline
Release
Prob

Base Modifier
Freguency
4.3E-5 1 1 1
CaseC 1 LPG Mounded Storage : Tank Leak
Release
Prob

Base Tanks
Frequency (each of 3)
1.4E-4 1 1 1

CaseC 2 LPG Mounded Storage : Tank Leak

FailureCaseTablesShell 1

2.20E-03

2.20E-03

5.20E-02

5.20E-02

Risk Assessment Repont

Release Frequency

Rupture Full
4.0E-8
Rupture Half Full
1.6E-7

Catastrophic
Size
Distribution

10% 3.7E-6
100 mm hole
Size
Distribution

90% 3.3E-5
Catastrophic
Size
Distribution

10% 3.1E-6
100 mm hole
Size
Distribution

90% 2.8E-5

Rupture Full bore

Size
Distribution
10% 1.6E-4
Leak 50mm
Size
Distribution
90% 1.2E-4
Leak 150 mm
Size
Distribution
100% 4.3E-5
Catastrophic
Pr Freq /yr
Size Full 041 2.63E-6
Distribution half-full 0.19 1.23E-6
4.5% 6.5E-6 20% full 041 2.63E-6
100mm hole

Atkins-China Ltd



Route 9 Detailed Feasibility Study

Case C

Case C

Case D

CaseD

CaseD

CaseD

Case D

Case D

Case D

Case D

Base Tanks Release Size
Frequency (each of 3) Prob Distribution

1.4E-4 1 1 1 1 6.5% 9.4E-6
3 LPG Storage spheres : Tank Leak 25 mm hole
Base Tanks Release Size
Frequency (each of 3) Prob Distribution

1.4E-4 1 1 1 - 1 35.6% 5.1E-5
4 LPG Storage spheres : Tank Leak 5 mm hole
Base Tanks Release Size
Frequency (each of 3) Prob Distribution

1.4E-4 1 1 1 1 0.535 7.7E-5
1 Filling Pipeline Leak 150 mm
Base Modifier Release Size
Frequency Prob Distribution

4.3E-5 1 1 1 1 100% 4.3E-5
2 Cylinder Fiiling Leak
Base Number of Modifier Release Size
Frequency cylinders Prob Distribution

1.5E-5 18 1.8 1 1 100% 4 .9E-4
3 Road Tanker Filling Leak 100 mmm
Base Number of Modifier Release Size
Frequency cylinders Prob Distribution

8.5E-3 1 1.8 1 1 100% 1.5E-2
4 Road Tanker on Road Rupture
Base Number of release Size
Frequency tankers/yr prob Prob Distribution

7.10E-07 3000 0.034 1 1 0.12 8.7E-6

5 Road Tanker on Road

Base Number of release
Frequency tankers/yr prob
7.10E-07 3000 0.034

6 Road Tanker on Road
Base Number of release
Frequency tankers/yr prob
7.10E-07 3000 0.034
7 Road Tanker on Road
Base Number of release
Frequency tankers/yr prob
7.10E-07 3000 7.20E-04
8 Road Tanker loading
Base Number of release

Freguency tankers/yr prob
1.30E-07 3000 1.00

FailureCaseTablesShell

Leak 100 mm

Size
Prob Distribution
1 1 0.29 2.1E-5
Leak 5mm
Size
Prob Distribution
1 1 0.59 4.3E-5
BLEVE
Chartek  Size
modfactor Distribution
1 0.1 1 1.5E-7
BLEVE
Chartek  Size
modfactor Distribution
1 0.1 1 3.9E-5
2

Risk Assessment Report

Atkins-China Ltd



Route 9 Detailed Feasibility Study

Caltex

Case A

Case A

Case A

Case A

Case B

Case B

Case B

Case C

Case C

Case C

Failure Case Frequency Calculation Caltex
Base Frequency Factors
1 LPG Import by ship; tank failure;
Fraction
Tank Tanks Presence of time
Rupture pership atJetty tank full
2.00E-06 2 0.050 0.2
2 LPG Import by ship; tank failure;
Fraction
Tank Tanks Presence of time
Rupture pership atJetty  tank full
2.00E-06 2 0.050 0.8
3 LPG Import by ship; Collision tank leak;
Freq of LPG Ships Release
Impact per year Prob
7.4E-5 30 1 1 0.001484
4 LPG Import by ship; Collision tank leak;
Freq of LPG Ships Release
Impact per year Prob
7.4E-5 30 1 1 0.001484
1 Marine Loading Arms
Base Arms Modifier Release
Frequency (each of 2) Prob
3.8E-3 1 1 1 1
2 Marine Loading Arms
Base Arms Modifier Release
Frequency (each of 2) Prob
3.8E-3 1 1 1 1
3 Jetty pipeline
Base Mcdifier Release
Frequency Prob
4.3E-5 1 1 1 1
1 LPG Storage spheres : Tank Leak
Base Tanks Release
Frequency (each of 3) Prob
4 4E4 1 1 1 0.1
0.6
0.3
2 LPG Storage spheres : Tank Leak
Base Tanks Release
Frequency (each of 3) Prob
4.4E4 1 1 1 1
3 LPG Storage spheres : Tank Leak

FailureCaseTablesCaltex 1

Risk Assessment Report

Release Frequency

Rupture Full

4.0E-8

Rupture Half Full

1.6E-7

Catastrophic
Size
Distribution

10% 3.3E-7
100 mm hole
Size
Distribution

90% 3.0E-6

Rupture Full bore

Size
Distribution
10% 3.8E4
Leak 50mm
Size
Distribution
90% 3.4E-3
Leak 150 mm
Size
Distribution
100% 4.3E-5

Catastrophic
Size
Distribution
4.5%
6.0E-6
100mm hole
Size

Distribution

6.5% 2.9E-5

25 mm hole

Atkins-China Ltd

2.0E-6 90% full
1.2E-5 50% full
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Case C

Case D

Case D

Case D

Case D

Case D

Case D

Case D

Case D

Base Tanks Release
Frequency (each of 3) Prob
4 4E-4 1 1 1
4 LPG Storage spheres : Tank Leak
Base Tanks Release
Frequency (each of 3) Prob
4.4E-4 1 1 1
1 Filling Pipeline
Base Modifier Release
Frequency Prob
4.3E-5 1 1 1
2 Cylinder Filling
Base Number of Modifier Release
Frequency cylinders Prob
1.5E-5 18 1.8 1
3 Road Tanker Filling
Base Number of Modifier Release
Frequency cylinders Prob
8.5E-3 1 1.8 1
4 Road Tanker on Road
Base Number of release
Frequency tankers/yr prob Prob
7.10E-07 1600 0.034 1
5 Road Tanker on Road
Base Number of release
Frequency tankers/yr prob Prob
7.10E-07 1600 0.034 1
6 Road Tanker on Road
Base Number of release
Frequency tankers/yr prob Prob
7.10E-07 1600 0.034 1
7 Road Tanker on Road
Base Number of release Chartek
Frequency tankers/yr prob modfactor
7.10E-07 1600 7.20E-04 0.1
8 Road Tanker loading
Base Number of release Chartek
Frequency tankers/yr prob modfactor
1.30E-07 1600 1.00 0.1

FailureCaseTablesCaltex

Risk Assessment Report

Size
Distribution
35.6% 1.6E4
5 mm hole
Size
Distribution
0.535 2.4E-4
Leak 150 mm
Size
Distribution
100% 4.3E-5
Leak
Size
Distribution
100% 4 9E4

Leak 100 mmm

Size

Distribution

100%
Rupture
Size
Distribution

0.12
Leak
Size
Distribution

0.29
Leak
Size
Distribution

0.59
BLEVE
Size
Distribution

1

BLEVE
Size

Distribution
1

1.5E-2

4.6E-6

100 mm

1.1E-5

5mm

2.3E-5

8.2E-8

21E-5

Atkins-China Ltd



