For Panel on 8 August 2005


APPENDIX 1

	FAILURE RATE ADVICE

	Requested By: Ian Hirst
	Request No: FR/77 Issue 2

	Date: 8th September 2004

	Request: Failure frequencies and hole sizes for a 914.4 mm dia, 9.5 mm wall 60 barg, X60 Spiked Crude Oil pipeline (BP Forties)

	Advice.

Rupture (>110 mm): 3.7.10-8 /m yr

Large Hole (>75 mm - 110 mm): 3.2.10-9/m yr

Small Hole (> 25 mm - 75 mm): 1.6.10-8/m yr

Pin Hole (<= 25 mm): 1.8.10-7/m yr

But also note comments in Discussion below regarding allowance for depth of burial.



	Basis of Advice: 
The approach used to the derivation of the failure rates proposed above is as detailed in FR/76 for a similar pipeline with a wall thickness of 22.5 mm and operating at 90 barg.

Rupture (<110 mm)
Large (76 – 110 mm) 
Small (26 – 75 mm)
Pin (0 - 25 mm)
Mechanical

2.64.10-11
2.64.10-11
6.6.10-11
1.17.10-7
Natural

2.10-9
9.10-10
9.10-9
3.6.10-8
Corrosion

2.11.10-9
1.44.10-9
2.87.10-9
1.15.10-8
Third Party

3.27.10-8
8.83.10-10
3.95.10-9
2.17.10-8
Total
3.7.10-8
3.2.10-9
1.6.10-8
1.8.10-7
All failure rates are /m/year

This pipeline has been the subject of a previous Inquiry, for which BP had a Risk Assessment conducted by Atkins. For comparative purposes the failure rates proposed above are presented alongside those used previously for this pipeline and those proposed by Atkins in the table below.

Rupture (<110 mm)
Large (76 – 110 mm) 
Small (26 – 75 mm)
Pin (0 - 25 mm)
Atkins

7.10-9
2.10-8 applied to 50 mm hole

Previous Asst

3.10-9 

2.7.10-7 applied to 50 mm hole

Proposed

3.7.10-8
3.2.10-9
1.6.10-8
1.8.10-7
All failure rates are /m/year

Discussion

The failure rates proposed are significantly higher than both those used previously, and those proposed in 2001 by Atkins on behalf of BP. Consideration has been given to the robustness of the proposed values to any potential challenge. The proposed rates use essentially the same approach as has been accepted by the UK Pipeline Industry (via UKOPA), albeit with some reservations regarding Natural Failures and some Third Party

Failures. Review of work carried out in 2002 shows that, for a pipeline similar to this, the PIPIN Third Party Model returns a failure rate a factor of approximately 4 times that of the Transco model for gas pipelines
. Similarly, Transco are carrying out work to determine whether a lower rate for natural failures can be justified for parts of the pipeline network at low risk from landslip etc., again the work is not yet complete and there is no basis for HSE reducing this rate at this stage. One area where a challenge could be made is that of Depth of Cover, deeper burial is recognised as providing increased protection against failure by Third party activity and HSE’s model takes this into account but only up to a notified depth of 1100 mm
. The Atkins report refers to a depth of cover for the pipeline of 2500 mm. For information, the table below compares the proposed frequencies to those that would be given were MSDU’s policy to allow the use of actual depth of cover rather than capping at 1100 mm.

Rupture (<110 mm)
Large (76 – 110 mm) 
Small (26 – 75 mm)
Pin (0 - 25 mm)
With Full DoC Allowance

5.8.10-9
2.4.10-9
1.2.10-8
1.7.10-7
Atkins

7.10-9
2.10-8 applied to 50 mm hole

Proposed

3.7.10-8
3.2.10-9
1.6.10-8
1.8.10-7
All failure rates are /m/year

From the above table it can be seen that when MSDU’s model takes full account of the dept of burial of the pipeline the rates are comparable to those proposed by Atkins, however, this is not current MSDU policy and so the rate derived above (allowing for only 1100 mm DoC) should be used unless it is intended to seek Panel agreement to make an exception for this pipeline and only then after the legally notified depth of burial has been confirmed.

	Associated Documents: 

	Signed: S C Pointer
	Date: 2nd September 2004


APPENDIX 2

	FAILURE RATE ADVICE

	Requested By: Ian Hirst
	Request No: FR/88

	Date: 25/05/2005

	Request: Below is advice I had from Stuart Pointer when he last addressed hole sizes and failure rates for this pipeline carrying spiked crude oil [FR77 refers, outer diameter 914.4 mm, operating pressure 60 bar g, wall thickness 9.5 mm].  We now have a consultation re a development adjacent to a length of the pipeline where the wall thickness is 15.9 mm.  Please supply appropriate hole sizes and failure rates. 

 

	Advice: 

Rupture (>110 mm): 4.7.10-9 /m yr

Large Hole (>75 mm - 110 mm): 2.4.10-9/m yr

Small Hole (> 25 mm - 75 mm): 1.2.10-8/m yr

Pin Hole (<= 25 mm): 1.6.10-7/m yr



	Basis For Advice:

[Assumed pipeline parameters taken from FR/76 and FR/77]

Diameter of Pipeline    40" overall. 


Outer diameter of pipeline (mm) 914.4mm


Wall thickness of pipeline (mm) - analysis in FR/76 based on 22.2mm, new analysis required for

             15.9 mm


Material                X60 


Fluid conveyed  Unstabilised crude oil 


Dissolved C1-C4  approx 15mol%


Safe operating limits.  MAOP 99.3barg  NOP 66.4barg  Max Temp 38C  Normal Temp 28C

             Flow (typical) 40,000 M3/D


Minimum depth of cover (onshore) 1.1 mtrs

As stated in FR/76 and FR77 Issue 2 MSDU currently has no policy for the setting of failure rates for pipelines other than those carrying natural gas.

The proposed rates have been synthesised from PIPIN using the Combined Operational Experience and Predictive model, i.e. as would be done for a similar Natural Gas Pipeline with additional results taken from PIPIN using the Operational Experience models using the UKOPA and EGIG datasets for gas transmission and the CONCAWE dataset for crude oil. Comments on the applicability of the four failure rate components to a Crude Oil line are made below;

Third Party – The pipeline is manufactured from a grade of steel recognised by the PIPIN predictive model so there is no reason why the model should not be directly applicable. The media carried by the pipeline should have no impact on the likelihood of failure from Third Party intervention.  The results from this analysis are stored in file FR82(4).

Corrosion – The failure rates for corrosion for gas pipelines are unlikely to be valid for a Crude Oil line. Indeed comparison of the corrosion elements from the EGIG (Gas) and CONCAWE(Oil) databases in PIPIN reflects this. It is therefore proposed that the Corrosion Rates obtained from the PIPIN Operational Experience model for Crude Oil lines are used.  The results from this analysis are stored in file FR82(2).

Natural – There is no reason to suppose that a Crude Oil line will be any more or less susceptible to failure from natural causes than an equivalent gas pipeline. It is therefore proposed that the rates currently used for Gas pipelines are adopted. The results from this analysis are stored in file FR82(4).

Mechanical – The rates for mechanical failures currently used in the PIPIN model for gas pipelines were derived from a very detailed analysis of the UKOPA database and are significantly lower than values obtained from either European databases (e.g. EGIG) or even a more superficial analysis of the UKOPA data. Consequently, their use for Crude Oil pipelines could not be supported without further consideration of their applicability.

The mechanical failure rates for both EGIG (gas) and CONCAWE (crude oil) databases have been reviewed (obtainable from PIPIN Op Ex Model) and this shows that the mechanical failure rate is approximately 3.3x higher for Crude Oil lines (except for Pin Holes where the factor is about 1.2).  A comparison of the results is presented in the Table below:

Mechanical

Rupture (>110 mm)
Large (76 – 110 mm) 
Small (26 – 75 mm)
Pin (0 - 25 mm)
CONCAWE crude oil

[File FR82(2)]

2.66.10-8
2.22.10-8
4.44.10-8
6.98.10-8
EGIG

gas

[File FR82(3)]

8.30.10-9
6.67.10-9
1.33.10-8
5.67.10-8
Ratio of CONCAWE results divided by EGIG results

3.2048

3.3283

3.3383

1.2310

All failure rates are /m/year

In addition, the UKOPA data has been re-visited and it has been established that the 49 mechanical failures recorded in this database include failures in both gas and non-gas lines. More significantly it has confirmed that, in the UK, there have been no recorded failures through this cause that have resulted in anything larger than a Pinhole. Unfortunately HSE does not have access to the UKOPA data to a sufficient level of detail to determine a failure rate based on actual failures and operational experience for Crude Oil lines.

As an alternative the data used for gas pipelines has been factored by the relationship between the two European Operational experience databases (CONCAWE/EGIG) to reflect the apparently greater potential for failure in Crude Oil pipelines.  (The results using the UKOPA dataset for gas pipelines are stored in the following files:

 -  FR82(1) – run under Operational Experience mode; and,

-  FR82(4) – run under Combined Operational Experience and Predictive mode.

The results for the mechanical failure rates are identical.)

Mechanical

Rupture (>110 mm)
Large (76 – 110 mm) 
Small (26 – 75 mm)
Pin (0 - 25 mm)
Ratio of CONCAWE results divided by EGIG results

3.2048

3.3283

3.3383

1.2310

Results from

UKOPA dataset

FR82(4)

8.00.10-12
8.00.10-12
2.00.10-11
9.00.10-8
Factored results

2.56.10-11
2.66.10-11
6.68.10-11
1.11.10-7
All failure rates are /m/year

Applying the principles above results in the following failure rates.

Rupture (>110 mm)
Large (76 – 110 mm) 
Small (26 – 75 mm)
Pin (0 - 25 mm)
Mechanical

2.56.10-11
2.66.10-11
6.68.10-11
1.11.10-7
Natural

2.00.10-9
9.00.10-10
9.00.10-9
3.60.10-8
Corrosion

2.11.10-9
1.44.10-9
2.87.10-9
1.15.10-8
Third Party

5.95.10-10
2.65.10-11
1.56.10-10
1.46.10-9
Total
4.7.10-9
2.4.10-9
1.2.10-8
1.6.10-7
All failure rates are /m/year



	Associated Documents:

	Signed: G Hawkins
	Date: 10/06/2005


� WS Atkins report AL5104.509, Issue 5 dated 20th December 2000


� Issue 1 claimed Rupture Freq later reduced to zero, this was not the case.


� UKOPA are currently sponsoring work that is investigating the differences between the PIPIN and Transco Third Party models, it is not yet clear which model is the more valid.


� See Panel Minutes, 23rd September 2002
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