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Strategy for Investigation of Ethylene Pipeline Fracture Mechanism

Issue:- 

 Release of dense-phase ethylene at 60-100 bar from the UK ethylene gas pipeline network is likely to lead to very cold temperatures as the gas-liquid equilibrium is established in or after the hole in the pipe.  Concerns have been expressed for a number of years that cooling effect could result in brittle fracture in the pipe wall causing a small hole to develop into a much larger hole.  Though various views and thoughts have been recorded, no known definitive work or guidance on the effect has been discovered.

Reason for raising it:-

UKOPA have established a database for predicting pipeline failure rate based on UK historical leak and damage data.  Most of the data is from the UK Natural Gas Transmission System.  To establish the predictive modelling aspects, Advantica are proposing to apply the same failure models to ethylene pipelines as to natural gas pipelines.  No account is currently taken for this possible low temperature effect.

Main components of the problem:-

Two aspects need to be established:-

1
where does the cooling effect take place?  - does low temperature effect occur in the hole itself, or does the fluid need to expand out of the hole before it flashes to a mush lower temperature?

2
dependent on where the cooling effect takes place, will conduction through the metal + coating cause significant weakening of the metal strength?

The former is a question of the physics of the release – a complex interaction of mass and heat transfer in a high velocity fluid which is changing phase as it moves through the pipeline hole.  Sub-sets may need to considered for different jet directions and possible interaction with adjacent obstructions.

The latter is more of a heat conduction / fracture-mechanics / metallurgy issue, and depends on the results from the former to predict possible effects.

Current situation (April 2001)

Advantica have sent a proposal for a parametric study to examine thermal stress gradients using finite element analysis using a range of temperature profiles, to assess the increase in stress around a hole due to cooling, and the effect of temperature on the fracture toughness. 

Shell Global Solutions International have proposed a 2-day seminar in Amsterdam to discuss the safety of ethylene pipelines from a total risk viewpoint. 

HSE at the last FDMG meeting on 12 February (Bruce McCullough) indicated that they would have no interest in contributing to this issue or financing any work on it.

Possible strategies include

· do nothing 

· literature search / survey

· discuss more widely

· Advantica parametric study

· Shell Netherlands - hold a seminar

· initiate University research project to model the physics of a release (1)

· carry out practical trial

These are considered below

Do Nothing

Strengths

- no cost option

- stop worrying – the dense-phase mixture is well out the hole before it has a chance to separate and cause low temperature effects (one viewpoint)

- HSE have not raised the issue

- use the existing Advantica predictive modelling techniques

Weaknesses

- not an answer, more a gut feel

- no definitive written paper, calculations or evidence

- issue will remain unresolved

Opportunities

- leave field open for others to chase this issue  (see below)

- invite others to follow this up on their own initiative

Threats

- will this remove the possibility of arguing risk for the inner zone?  We have yet to have detailed discussions with HSE (new ACDS Pipelines sub-Committee will get there eventually) on how we address using risk across the full spectrum of land-use planning for ethylene pipelines.  When we do, could HSE use the argument (have they already used the argument?) that low-temperature embrittlement will open up a small hole to full bore rupture every time, and therefore always give a fireball – hence fireball radius for inner zone?

- could HSE ACDS sub-committee eventually be the group to initiate more work?

- will the issue be less well handled by others?

- will ignoring the problem cast doubts on the UKOPA database?

Literature Search /Survey  

Strengths

- surely someone somewhere has studied this or similar related problems

- cheap

- buys time

- gives message that we are doing something definite / positive

Weaknesses

- may not find anything useful

- may find lots of stuff which needs further analysis, more cost etc

- may be unhelpful / indecisive / no better off than at present

Opporttunities

- could get another agency involved with less direct commercial interest (University, British lending library, PIG etc)

Threats

- could give adverse answer (definite low temperature effects) which leads to more investigative work to counter the results

- fairly benign approach

Discuss more widely

Strengths

- someone somewhere would be able to help us (at no or low cost)

- get Universities and other interested parties involved, sharing problem

- more sponsorship for investigating the problem (EC, HSE)

- get industry focus on the issue

Weaknesses

- exposes the problem

- self-generating in terms of need to find a solution

Opportunities

- multi-sponsor support could reduce the cost per company

Threats

- open house on the issue could backfire (unsafe ethylene lines?)

Advantica Parametric Study

Strengths

- kicks problem off in a realistic direction

- uses impressive modelling methodology (Finite Element Analysis etc)

- gives strong message of determination to solve the problem

 - 3 months to complete this phase of the work

- authoritative source for the work (Advantica), with vested interest in maintaining the credibility of the UKOPA database
Weaknesses

- only examines aspects of effect on pipe wall, uses range of low temperatures, doesn’t address the physics of release issue

- cost £27K

- may not give definitive answers, may only provide pointers to further work

Opportunities

- gets Advantica fully involved in the problem (and helping to solve it?)

- build up background and interest ready to argue the case on this issue (with HSE?)

Threats

- May lead to conclusion that any low temperature to lead to crack propagation

- FDMG issue at present – therefore results might be shared directly with HSE (need to resolve this! – should it be an FDMG issue?)

Shell Netherlands - hold a seminar

Strengths

- new organisation involved, new thoughts, new views on the issue

- sponsored by one of the major UK operators

Weaknesses

- Shell Global Solutions International appear to be widening the workshop to a whole range of issues associated with risk

- likely to be little air-time available for this specific issue

- 2 days defining the issue rather than trying to solve it

- unlikely to move forward on the two main components of physics of release and metallurgy around the hole

- expensive

Opportunities

- shares issue with others who may help support the work

- could develop / uncover alternative ways of finding the answers

- puts it into international perspective

- build up background and interest ready to argue the case on this issue (with HSE?)

Threats

- could start to develop entrenched positions

- de-motivate Advantica?

- raise all sorts of other issues / doubts over UKOPA database?

initiate University research project to model the physics of a release (1)
Strengths

- detailed techniques for modelling only likely to be with one or two specialist companies or University departments

- academic and altruistic reasons for solving the problem

- relatively cheap

- no credible alternative means yet been presented

Weaknesses

- timescale might be difficult – may take some time

- need to keep closely in touch  with / supervise  progress

- non-commercial

Opportunities

- top-class international modelling should be available 

- resolve this problem once and for-all

Threats

- academic disagreements?

Carry out a Practical trial – e.g. at Spadeadam

Strengths

- definitive, not theoretical

- visual, measurable, variable conditions possible

- unassailable answers (unlikely to be repeated)

Weaknesses

- expensive

- difficult to set up

- time-consuming in defining requirements

Opportunities

- could allow other variables to be examined

- publishing results – good PR for all

Threats

- indecisive / uncertain results

- run on and on – expense out-of-control

