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Release Rate Comparisons – MISHAP and Other Models

At the HSE-HSL-UKOPA meeting on 25th April 2008, Issue 10 Gas Pipeline Consequence Analysis was raised by UKOPA concerning discrepancy in release rates calculated by MISHAP compared to other models.  The issue briefing note is attached below. In particular the note states:-

“Previous comparisons of the PIPESAFE method have shown that the HSE method calculates a higher initial release rate (by a factor of 2-10 times), and this will therefore result in a much larger fireball.”
Subsequently Ian Hirst has responded with a comparison with PIPETECH which indicates that the release rates are higher in some cases but not another, and the that the difference is small.  However, the difference is piloted on log-log scales, and the initial release rates do appear to be higher for MISHAP calculations that for PIPETECH.
A series of similar calculations has been carried out using PIPESAFE.  These show that the initial release rate is between 1.8 and 2.5 times higher for simulated MISHAP calculations than for PIPESAFE, but the difference reduces as the release time increases.  The claim that the factor is as high as 10 times is wrong.

Four typical cases have been calculated and are shown below. They all show higher initial release rates for MISHAP than for PIPESAFE.  The same boundary conditions have been used – double ended rupture with 16 km between valves, and 8 km from compressor station. It has not been possible to calculate the 114 mm diameter case so it is not possible to confirm whether PIPESAFE predicts higher or lower release rates.

However, the effect on the fireball is significant. MISHAP takes the falling release rate for the first few seconds (7 to 23 seconds in the 4 cases) to calculate the mass in the fireball.  Therefore if the initial release rate is higher the fireball is larger and the effect distances are greater.  The amounts in the fireballs for the 4 cases considered are 1.56 to 2.03 times larger and the resulting effects on the hazard distances are that they are 16% to 33% greater for the MISHAP cases compared to using the PIPESAFE release rates.  The effect is more marked on the smaller diameter lower pressure cases.
HSE are therefore still requested to re-consider the initial release rate calculation in MISHAP.

R A McConnell

30 July 2008
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TIME 75 bar 75 bar 75 bar

seconds PIPESAFE MISHAP Factor

1 15958 29279 1.83

2 14800 27639 1.87

3 13965 26119 1.87

4 13312 24710 1.86

5 12777 23404 1.83

6 12324 22194 1.80

7 11932 21072 1.77

8 11588 20031 1.73

9 11281 19066 1.69

10 11006 18171 1.65

11 10756 17340 1.61

12 10529 16570 1.57

13 10320 15855 1.54

14 10127 15191 1.50

15 9948 14575 1.47

16 9781 14003 1.43

17 9626 13472 1.40

18 9480 12978 1.37

19 9343 12520 1.34

20 9214 12093 1.31

21 9092 11697 1.29

22 8976 11328 1.26

23 8867 10985 1.24

24 8762 10666 1.22

  Fireball at 23.7 seconds  

TOTAL 269931 420959 1.56

kg in fireball kg in fireball


[image: image2.emf]Methane Gas Fireball Calculations

INPUT DATA

Quantity in Fireball - kg 420959.0 269931.0

Atmospheric humidity % 60 60 percentage

       

RESULTS

Duration of Fireball - seconds 23.53 21.85 108%

Fireball radius  -  metres 218 189 116%

     

Required kW/m2 for Spont Combustion 39.00 39.81

Distance to Spont Combustion metres

277 239

116%

Required kW/m2 for Pilot Ignition 29.12 29.85

Distance to Pilot Ignition metres

360 310

116%

Required thermal radiation for 1800 tdu 25.86 27.34

Distance to 1800 tdu LD50  metres

399 336

119%

Required thermal radiation for 1000 tdu 16.64 17.59

Distance to 1000 tdu LD01  metres

530 449

118%

Default distance to 25.6 kW/m2   metres 402 352 114%

Surface Emissive Power Kw/m2 200 200


[image: image3.emf]457 mm 457 mm 457 mm

TIME 70 bar 70 bar 70 bar

seconds PIPESAFE MISHAP Factor

1 1472 3595 2.44

2 1311 3189 2.43

3 1222 2838 2.32

4 1160 2535 2.19

5 1111 2272 2.05

6 1070 2045 1.91

7 1035 1849 1.79

8 1004 1679 1.67

9 977 1532 1.57

10 953 1404 1.47

11 931 1294 1.39

12 912 1198 1.31

13 893 1116 1.25

14 877 1044 1.19

15 861 982 1.14

Fireball at 14.64 seconds

16408 29863 1.82


[image: image4.emf]Methane Gas Fireball Calculations

INPUT DATA

Quantity in Fireball - kg 29863.0 16408.0

Atmospheric humidity % 60 60 percentage

       

RESULTS

Duration of Fireball - seconds 15.14 13.70 110%

Fireball radius  -  metres 92 76 121%

     

Required kW/m2 for Spont Combustion 40.00 40.00

Distance to Spont Combustion metres

163 136

120%

Required kW/m2 for Pilot Ignition 34.05 35.38

Distance to Pilot Ignition metres

182 149

123%

Required thermal radiation for 1800 tdu 36.00 38.80

Distance to 1800 tdu LD50  metres

177 141

126%

Required thermal radiation for 1000 tdu 23.17 24.97

Distance to 1000 tdu LD01  metres

234 187

125%

Default distance to 25.6 kW/m2   metres 221 184 120%

Surface Emissive Power Kw/m2 270 270
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TIME 19 bar 19 bar 19 bar

seconds PIPESAFE MISHAP Factor

1 288 722 2.51

2 254 625 2.46

3 236 543 2.30

4 223 474 2.13

5 214 417 1.95

6 206 368 1.79

7 199 327 1.65

8 193 293 1.52

9 Fireball at 9.4 seconds

TOTAL 1905 3858 2.03


[image: image6.emf]Methane Gas Fireball Calculations

INPUT DATA

Quantity in Fireball - kg 3858.0 1905.0

Atmospheric humidity % 60 60 percentage

       

RESULTS

Duration of Fireball - seconds 10.77 9.57 112%

Fireball radius  -  metres 47 38 126%

     

Required kW/m2 for Spont Combustion 40.00 40.00

Distance to Spont Combustion metres

88 71

124%

Required kW/m2 for Pilot Ignition 38.99 40.97

Distance to Pilot Ignition metres

90 70

128%

Required thermal radiation for 1800 tdu 46.50 50.79

Distance to 1800 tdu LD50  metres

79 60

133%

Required thermal radiation for 1000 tdu 29.92 32.68

Distance to 1000 tdu LD01  metres

108 82

131%

Default distance to 25.6 kW/m2   metres 119 96 124%

Surface Emissive Power Kw/m2 270 270
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TIME 70 bar 70 bar 70 bar

seconds PIPESAFE MISHAP Factor

1 7368 15100 2.05

2 6759 14045 2.08

3 6363 13083 2.06

4 6066 12208 2.01

5 5825 11409 1.96

6 5624 10682 1.90

7 5451 10019 1.84

8 5300 9415 1.78

9 5166 8864 1.72

10 5045 8361 1.66

11 4935 7903 1.60

12 4834 7485 1.55

13 4742 7104 1.50

14 4657 6756 1.45

15 4503 6438 1.43

16 4433 6148 1.39

17 4368 5883 1.35

18 4306 5641 1.31

19 4248 5420 1.28

20 4192 5217 1.24

21 4140 5032 1.22

  Fireball at 20.58 seconds

TOTAL 112361 188133 1.67


[image: image8.emf]Methane Gas Fireball Calculations

INPUT DATA

Quantity in Fireball - kg 188183.0 112361.0

Atmospheric humidity % 60 60 percentage

       

RESULTS

Duration of Fireball - seconds 20.58 18.88 109%

Fireball radius  -  metres 168 142 118%

     

Required kW/m2 for Spont Combustion 40.00 40.00

Distance to Spont Combustion metres

215 241

89%

Required kW/m2 for Pilot Ignition 30.47 31.40

Distance to Pilot Ignition metres

275 286

96%

Required thermal radiation for 1800 tdu 28.60 30.51

Distance to 1800 tdu LD50  metres

292 295

99%

Required thermal radiation for 1000 tdu 18.41 19.63

Distance to 1000 tdu LD01  metres

392 386

102%

Default distance to 25.6 kW/m2   metres 316 330 96%

Surface Emissive Power Kw/m2 200 270


NOTE – the anomaly in this calculation is that it crosses the 125 tonnes fireball boundary where above 125 tonnes the Surface Emissive Power is 200 kW/m2, and below 125 tonnes the surface emissive power becomes 270 kW/m2 – this creates a false step change which means that a fireball with 124 tonnes has almost the same hazard distances as a 200 tonne fireball – how does MISHAP account for this step change?

The comparative case with both at 270 kW/m2 is shown below.

[image: image9.emf]Methane Gas Fireball Calculations

INPUT DATA

Quantity in Fireball - kg 188183.0 112361.0

Atmospheric humidity % 60 60 percentage

       

RESULTS

Duration of Fireball - seconds 20.58 18.88 109%

Fireball radius  -  metres 168 142 118%

     

Required kW/m2 for Spont Combustion 40.00 40.00

Distance to Spont Combustion metres

281 241

116%

Required kW/m2 for Pilot Ignition 30.47 31.40

Distance to Pilot Ignition metres

340 286

119%

Required thermal radiation for 1800 tdu 28.60 30.51

Distance to 1800 tdu LD50  metres

359 295

122%

Required thermal radiation for 1000 tdu 18.41 19.63

Distance to 1000 tdu LD01  metres

467 386

121%

Default distance to 25.6 kW/m2   metres 385 330 117%

Surface Emissive Power Kw/m2 270 270

Calculate


Action following 25th April 2008 meeting with UKOPA

At our recent meeting in Buxton Rod McConnell suggested that the release flow rates calculated by Mishap following rupture of some natural gas pipelines were grossly pessimistic, with over-calculation by a factor of four or five.  I replied that we were aware of some conservatism, up to a factor of two, in Mishap’s flow rates for a large diameter natural gas pipeline (as shown in PCAS 06C), but I said that we had not made comparisons for smaller diameters, and I suggested that we should do this.  A consequence was that we took an action “HSE to review suggested conservatisms in the gas consequence modelling associated with release rates in the first 30 seconds”.

Below are new graphs showing results that I have obtained for large, medium and small diameter natural gas pipelines, using both Mishap and PipeTech.  There is nothing in these comparisons to support Rod’s contention.  On the contrary, they show that, relative to PipeTech, Mishap becomes gradually less conservative for smaller diameters.

[image: image10.emf]Mishap/PipeTech comparisons for natural gas
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I also show below a Mishap/PipeTech comparison for the NWEP.  This comparison has appeared in a Panel paper, and I have shown it to UKOPA in a presentation.  It clearly shows Mishap to be very conservative for the rupture release from an ethylene pipeline, and it was a part of the case that I made to Panel (6 March 2006) that it should become our policy to use PipeTech in place of Mishap for calculating the rupture flows for non-natural gas pipelines.  The flows differ by a factor of three over most of the range.

[image: image11.emf]Mishap/PipeTech comparison for ethylene
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ILH/HID CI 5/08.05.2008 

Briefing Note HSE Issue 10 – Gas Pipelines Consequence Analysis

22 April 2008

Introduction
1
During the development of the IGE/RD/1 Code Supplement on risk assessment the difference in risk levels calculated by the HSE-published methodology and the UK gas industry model PIPESAFE have been highlighted.

2
In particular the consequence distances from the initial fireball following pipeline rupture are significantly greater using the HSE model.  This event usually has the worst consequences, and usually dominates the risk from a natural gas pipeline.

3
The 2002 report on a second study using HSE’s MISHAP program (Ref 1)  concludes that the fireball model is generally conservative, “the burn area calculated by the fireball model equals or exceeds the burn area observed by a substantial margin”

4
The HSE method accumulates the incremental release rate from the ruptured pipeline second-by-second until the side of the fireball is equal to the burn-time.  This is usually 8 – 25 seconds for the population of UK gas pipelines.  During this time the release rate is rapidly reducing.  The method then assumes the fireball is located on the ground when calculating the thermal radiation effects.

5
Previous comparisons of the PIPESAFE method have shown that the HSE method calculates a higher initial release rate (by a factor of 2-10 times), and this will therefore result in a much larger fireball.

6
For ethylene, HSE have recognised that their methodology over-predicted the initial release rate, and have now adopted the PIPTECH model from University College London.

7
HSE are therefore requested to review their model for calculating the initial release from a ruptured gas pipeline.

R A McConnell

22 April 2008
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