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Advantica – formerly BG Technology Ltd - is a leading provider of technology and engineering services to customers in gas, pipelines and associated industries internationally. With its origins in the research, technology and engineering arms of British Gas, Advantica is an £80m turnover business with operating experience in over 30 countries.

Advantica is part of the Lattice Group plc which also comprises Transco, Lattice Property, Lattice Energy Services, The Leasing Group and two new telecoms ventures – FPLTelecom and SpectraSite JV.

Lattice Group was demerged from BG Group in October 2000 and the two are now legally separate companies.
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UKOPA Ethylene Pipeline Failure Modelling
1.
Background

The consequence of accidental loss of fluid from a pipeline transporting ethylene is of concern to certain UKOPA members. Advantica has prepared this outline scope of work to address this issue. The objective of this document is to demonstrate our capability in determining whether the failure of UK ethylene pipelines is a credible event, and how we could model the consequences of such a failure. It is intended to act as a catalyst for further discussions with interested UKOPA members, leading to the production of a priced quotation for an exact scope of work. 

2.
Outline Scope of Work

2.1
Prediction of failure probability for pipelines transporting ethylene
2.1.1
Introduction

Third-party damage is recognised as the dominant threat to the integrity of onshore transmission pipelines. The probability of failure due to third-party interference will therefore be calculated for the pipelines in the UKOPA database transporting ethylene. Although the transported product has no influence on the probability of failure, the study will determine whether the failure of UK ethylene pipelines is a credible even, and therefore whether modelling of the consequences of failure is required.

A failure in this study is considered to be violation of the ultimate limit states, i.e. a product release. Third-party damage of pipe sections may lead to failure through dent/gouge defects, pipeline puncture, or excessive pure denting. 

The Advantica structural reliability based model, ‘INTERFERENCE’, will be used to predict the likelihood of failure of transmission pipelines due to dent/gouge defects and pipeline puncture. 

The model predicts the likelihood of failure due to dent/gouge combinations. The prediction of dent size is made through consideration of the type of machinery used in the vicinity of the pipeline. The type of machinery influences the distribution of indenter forces on the pipeline, and a relationship between indenter force and dent depth may be used to predict the resulting dent size. 

Indenter forces greater than a pipeline-specific critical value will lead to failure through pure denting. The probability of failure due to excessive pure denting will be calculated from a consideration of the distribution of indenter forces 

experienced in the UK. The pipelines transporting ethylene recorded in the UKOPA pipeline database are of small diameter (3.5” – 11”) and low wall thickness (5.5 mm – 12.7 mm), which suggests that there is a high probability that failure may occur through pure denting.

The total probability of failure due to third party damage for each pipeline is given by the sum of the contributions from dent/gouge, pipeline puncture and excessive pure denting. The calculated probability of failure will be compared to operational experience, and significant differences will be investigated. 

Guidance will given on the acceptability of the calculated failure probabilities, and failure mitigation measures will be proposed for situations where the probability of failure is deemed unacceptably high. 

2.1.2
Program of work

1 Obtain details of pipelines transporting ethylene from the UKOPA database

2 Calculate the critical denting force that will lead to failure through denting alone for each pipeline.

3 Calculate the probability of failure due to dent/gouge combinations using ‘INTERFERENCE’ for each pipeline.

4 Calculate the probability of failure due to pipe wall puncture using ‘INTERFERENCE’ for each pipeline.

5 Calculate the total probability of failure due to third party interference.

6 Compare the probability of failure with operational experience of these lines.

7 Give guidance on the acceptability of the calculated failure probabilities.

8 Propose failure-mitigating measures that ensure the probability of failure is acceptable.

2.2
Prediction of Failure Consequences for Pipelines Transporting Ethylene

2.2.1
Methodology

The proposed methodology aims to determine whether there is the potential for the fracture resistance of a pipeline transporting ethylene to be affected by the escaping fluid if an accidental puncture of the pipeline should occur. There are two potential areas of concern for fracture resistance if a leak develops. One is that cooling of the pipe wall lowers the toughness, as cooling could move the toughness off the upper shelf and into the ductile-brittle transition region. A second concern is that localized cooling will generate large thermal stress gradients, sufficient to initiate a fracture.

The proposed methodology will firstly use a computer based outflow model, developed by Advantica, to predict the release conditions of ethylene from a range of puncture sizes in a pipeline, and to predict the temperature distribution in the gas field within the pipeline around the exit hole. The gas temperatures field will then be used in a heat transfer model that will predict the temperature distribution within the pipe wall. The effect of temperature on fracture resistance will then be assessed. The separate elements of the methodology are described in the flowing sections:

2.2.2
Task 1 - Modelling the Release of Ethylene from a Pipeline Puncture

The Advantica model, VENTFLO, will be used to predict the conditions at a puncture in a pipeline transporting ethylene. VENTFLO is a phenomenological model that predicts venting of both single-phase and two-phase fluids. The code has been developed and validated using extensive large-scale experimental data from tests undertaken by Advantica. The model predicts parameters such as the temperature, pressure and velocity in and around the puncture. 

VENTFLO will be used to predict the release characteristics for three different exit diameters and three pipeline operating pressures. The releases will be modelled as steady state releases, assuming that the pressure in the pipeline remains constant. The temperature field in the ethylene in the vicinity of the exit hole will be predicted for each release scenario 

2.2.3
Task 2 - Temperature Distribution in The Pipe Wall

The temperature field in the fluid will be used to calculate the temperature in the pipe wall for each release scenario. This information will then be used to formulate a heat transfer model to calculate the local heat transfer to and from the pipeline to the escaping gas and surrounding soil matrix.

2.2.4
Task 3 - Effect of Cooling on Fracture Resistance 

The concern that cooling of the pipe wall lowers the toughness will be addressed by considering toughness transition curves for the material. It is understood that some data are available for the pipe material; in addition the "Master Curve" approach will be used to estimate the transition behaviour of the material. The effect of reduced toughness at low temperature on a range of typical defect sizes will then be evaluated. One pipeline geometry and material will be considered; this will be agreed with UKOPA at the start. 

The concern that localized cooling will generate large thermal stress gradients, sufficient to initiate a fracture, will be assessed by using the temperature profiles as input to a thermal stress analysis model using the ABAQUS finite element code. One pipeline configuration will be modelled. Two generic defects will be assessed, a circular hole (simulating perforated corrosion) and an axial crack (simulating a penetrated gouge or other elongated defect); defect dimensions will be agreed with the UKOPA group before analysis. The thermal stress results, together with the estimated transition curves derived above, will be used to assess the effect of cooling on the fracture resistance of the pipeline. 

3.
Commercial Terms 

Prices can be provided following definition of exact customer requirements and scope of work. Standard Conditions of Contract for Provision by Advantica Technologies Ltd. for Consultancy are included at this stage for information in Appendix A.

Appendix A – Advantica Conditions of Contract for Provision by Advantica Technologies Ltd. For Consultancy

1 Definitions

The terms defined under this clause shall include the singular and the plural, as the context so requires.
1.1 Associate means any subsidiary of a party, any direct or indirect holding company of a party, and subsidiary of any such holding company, and any company, partnership or joint venture of which any of them shall have directly or indirectly not less than 26% equity participation. 

1.2 BACKGROUND INTELLECTUAL PROPERTY means any information (including but not limited to financial information, processes, reports, drawings, techniques, know-how, manuals and the like both written and unwritten) patent applications, patents, copyrights and other similar statutory rights owned or controlled by either PARTY in a field which is the same as or is related to the work executed under this CONTRACT.

1.3 CLIENT shall mean the person or company engaging the CONSULTANT and shall include the CLIENT's legal representatives, successors and assigns.

1.4 CONSULTANT shall mean Advantica Technologies Ltd., its successors and assigns, and any ASSOCIATE company.

1.5 CONTRACT PRICE shall mean the sum agreed for the SERVICES as detailed in the order, or as varied in accordance with section 8.

1.6 CONTRACT shall mean this Agreement together with any schedule(s) and any CONTRACT amendment issued subsequent thereto.

1.7 PARTY(s) shall mean the CLIENT and/or the CONSULTANT as the case may be.

1.8 SCHEDULE(S) means any SCHEDULES attached hereto and any further SCHEDULE(S) agreed in writing between the PARTIES.

1.9 SERVICES shall mean the work or services to be provided as detailed in the order.

2 Commencement and Duration 

2.1 Subject to the provisions of this CONTRACT, the work shall commence and terminate in accordance with any programme agreed by the PARTIES.

3 Payment

3.1 The CLIENT undertakes to pay the CONSULTANT the CONTRACT PRICE (plus VAT) as consideration for carrying out the SERVICES. Payment shall be made within 30 days of receipt by the CLIENT of the CONSULTANT's invoice.

3.2 The CLIENT shall bear the cost of all taxes duties imposts and other fiscal charges which become due on the CONTRACT PRICE (as charged and invoiced to the CLIENT under the CONTRACT) and shall reimburse the CONSULTANT any interest penalties liabilities expenses (including legal expenses) incurred by the Consultant with respect to the same.

3.3 The CLIENT shall unless otherwise specified in the order make payments in pound sterling.

4 The CONSULTANT's Obligations.

4.1  The CONSULTANT shall perform the SERVICES with reasonable skill, care and diligence in accordance with the terms and conditions of this CONTRACT. Time shall not be of the essence.

5 Materials and equipment

5.1 The client shall provide and deliver any test samples, materials and mutually agreed associated equipment, required for the Services, to the CONSULTANT's premises at a time and date to be mutually agreed, and where necessary, the eventual collection at no cost to the CONSULTANT and free of all charges and encumbrances. The collection shall be completed within 20 days of notification by the Client that the Services have been completed.

5.2 Whilst all reasonable care will be taken, the CONSULTANT cannot accept any liability for any damage to or depreciation of any samples, materials and equipment which may occur during the work.

5.3 The Consultant reserves the right to alter the location of the site where the Services are to be carried out and shall give reasonable notice of same to the Client.

6 Liabilities and Indemnities

6.1 The CONSULTANT shall be liable for and shall indemnify, defend and hold the CLIENT harmless from and against any and all losses, costs, damages, and expenses arising from or as a consequence of the injury or sickness, disease or death of any person(s) and the loss or damage of property arising out of the Contract and shall, at its own cost, at the CLIENT'S request, defend the CLIENT in any proceedings involving the same, except that the CLIENT shall be liable for and shall indemnify and defend the CONSULTANT from all losses, costs, damages and expenses caused or contributed to by the negligence of the CLIENT.

6.2 The CONSULTANT shall be liable to the CLIENT for any defects in the performance of the services arising from the CONSULTANT's negligence, save and except that the CONSULTANT's maximum liability shall in the aggregate be limited to 100% of the CONTRACT PRICE for a period of no longer than 12 months from the completion of the SERVICES. 

6.3 Neither PARTY shall be liable to the other for any indirect consequential or economic loss suffered by the other including but not limited to loss of use profit production revenue, interest or for business interruption arising under or in connection with this CONTRACT or the provision of the SERVICES and each shall indemnify, defend and hold the other harmless against any indirect consequential or economic loss of its own. 

6.4 No warranty, condition or representation of any kind is made given or implied in any case as to the sufficiency or fitness for purpose of any results of the SERVICES by the CONSULTANT and in any case the CLIENT shall be entirely responsible for the use to which it puts such information and shall indemnify the CONSULTANT from any claims arising out of the use of any results of the SERVICES. 

7 Insurance

7.1 Each Party shall take out and maintain with an Insurance Company of recognised repute, insurance adequate to cover its liabilities under the CONTRACT and to fulfil any requirements of local government or other appropriate bodies and shall obtain from its underwriters a waiver of all rights of subrogation against the other, endorsed upon all such policies of insurance.

8 Variations

8.1 The CLIENT may direct the CONSULTANT to alter, add, omit or otherwise vary the SERVICES or any part thereof provided that if the CONSULTANT is of the opinion that such variation(s) shall involve an addition to or deduction from the CONTRACT PRICE, the CONSULTANT shall advise the CLIENT as soon as reasonably possible in writing to that effect. No amendment to the Contract shall be binding on the PARTIES unless in writing and signed on behalf of both PARTIES by their duly authorised agents.

8.2 The CONSULTANT shall carry out such variations and be bound by the same conditions so far as applicable as though the said variations were stated in the CONTRACT.

9 Access and Safety

9.1 The CONSULTANT shall afford the CLIENT reasonable access to witness the SERVICES carried out at the CONSULTANT's premises together with any other person(s) nominated by the CLIENT and approved by the CONSULTANT. Such visitors shall comply with the prevailing safety rules and regulations in operation at the CONSULTANT's premises.

9.2  Any other person(s) afforded access by the CONSULTANT may be required to enter into a Confidentiality Agreement with the CONSULTANT in this regard.

10 Confidentiality

10.1 Each PARTY shall keep confidential any information disclosed by the other PARTY in respect of the SERVICES and shall neither use the same other than for the purpose of performing the SERVICES nor disclose the same to any Third Party (other than the other PARTY'S own personnel to whom disclosure is necessary in the provision of the SERVICES) without the prior written approval of the other PARTY.

10.2 The foregoing restrictions on disclosure and use of information shall not apply to the information which: 

10.2.1 at the time of disclosure is or which after disclosure becomes part of the public domain other than by a breach of this clause; or

10.2.2 the recipient can show was in its possession prior to disclosure; or

10.2.3 is or shall lawfully become available from a source having a right to disclose the same; or

10.2.4 the recipient can show to have been developed by or for the recipient at any time independently of the information disclosed to it by the disclosing PARTY.

11 Publicity

11.1 Each PARTY shall obtain written approval from the other prior to taking photographs or making publicity releases or announcements including those relating to either the CONTRACT or the activities of the CONSULTANT related to its participation in the CONTRACT.

12 Ownership of Reports and Documents 

12.1 Any written advice opinion or other documents specifically prepared by the CONSULTANT under the SERVICES for the CLIENT shall become the property of the CLIENT.

12.2 Any other written advice opinion or document submitted to the CLIENT shall remain the property of the CONSULTANT and the CLIENT shall not deal dispose disclose destroy or otherwise treat such documents in a manner inconsistent with the CONSULTANT's ownership of the same.

12.3 On completion of the SERVICES or the earlier termination of this CONTRACT, the PARTIES shall each return any document of the other which that PARTY had obtained under this CONTRACT.

12.4 Any document covered by the provisions of the foregoing clause 12 shall be treated as information and shall be subject to any duty of confidentiality for the purposes of clause 10 above.

13 Intellectual Property

13.1 All BACKGROUND INTELLECTUAL PROPERTY owned by each PARTY prior to the commencement date of this CONTRACT shall continue to be the sole property of that PARTY.

13.2 All patents, copyright, design rights and other intellectual property rights ("IP Rights") contained in any materials or documents prepared by the CONSULTANT under or in connection with the CONTRACT shall vest in the CONSULTANT.

13.3 Nothing in this CONTRACT shall be taken as granting or implying the grant of a licence by the CONSULTANT to the CLIENT to use the IP Rights arising from these SERVICES.

14 Termination

14.1 Either PARTY may terminate this CONTRACT by giving the other PARTY thirty (30) days notice in writing. 

14.2 Either PARTY shall be entitled to terminate the CONTRACT forthwith and recover damages from the other PARTY if the other PARTY fails to rectify satisfactorily any breach of its obligations under the contract within 20 days of written notice specifying the breach. Notwithstanding any right or remedy available to the offended PARTY the CONSULTANT shall be entitled to payment for all work performed up to the date of termination and the CLIENT shall receive all such work or reports to which it is entitled up to the date of termination.

14.3 Either PARTY may terminate the CONTRACT forthwith should the other PARTY:

14.3.1 become or threaten to become bankrupt or insolvent or is adjudicated bankrupt or insolvent by a court of competent jurisdiction in its country of incorporation; or

14.3.2 have a body or person (including, but not limited to, a liquidator, administrative or other receiver or manager) appointed to manage its affairs or assets or its undertakings on behalf of its creditors, members or a court of competent jurisdiction; or

14.3.3 issue a notice proposing that it be wound up or passes a resolution for its winding up; or

14.3.4 cease to carry on all or substantially all of its business or is unable to pay its debts as defined in accordance with relevant legislation (in the case of a company incorporated in England and Wales, within the meaning of Section 123 of the Insolvency Act 1986) including any amendments and re-enactments thereof.

14.4 In the event of termination, the CLIENT shall pay the CONSULTANT for SERVICES performed up to the date of termination and all other reasonable costs incurred up to that date and the CLIENT shall receive all such work and/or reports to which it is entitled up to the date of termination.

14.5 Any sums recoverable shall not exceed the CONTRACT PRICE.

15 Assignment

15.1 Neither PARTY shall assign this CONTRACT without the prior written consent of the other, but such consent shall not be unreasonably withheld. Any assignment shall not relieve the assignor from any liability or obligation under this CONTRACT.

16 Relationship of Parties

16.1 The status of the CONSULTANT shall be that of independent consultant and the relationship of the PARTIES shall not be that of principal and agent or employer and employee.

17 Notices

17.1 All notices shall be given in writing and be delivered by hand or sent by telex, facsimile or recorded delivery post to the address of the relevant party as detailed in the order or to any subsequently notified address.  Any notice sent by telex or facsimile shall be deemed to have been served at the time of transmission.  A notice sent by post shall be deemed to have been served four (4) days after posting.

18 Waiver

18.1 No term of the CONTRACT shall be considered waived by either PARTY unless executed in writing. No such waiver shall be a waiver of any past or future default, breach or modifications of the terms of the CONTRACT unless expressly set forth in such waiver.

18.2 The non-enforcement of any terms of the CONTRACT by either PARTY shall not be construed as a waiver of or otherwise prejudicial to the rights of such PARTY under this CONTRACT or at law or equity.

19 Force Majeure

19.1 Neither PARTY shall be liable for any failure or breach under this CONTRACT if such failure or breach has been caused by reason of Force Majeure which shall mean circumstances beyond the reasonable control of that PARTY so affected including but not limited to illness, death or resignation of personnel, Acts of Government, Acts of God, industrial action or failure to obtain permits licences or registrations.

19.2 The CONSULTANT and CLIENT shall take all reasonable steps necessary to mitigate the effect of Force Majeure upon the SERVICES.

20 Entirety of CONTRACT 

20.1 This CONTRACT comprises the entire agreement between the PARTIES and supersedes all previous communications, representations or agreements between the PARTIES with regard to their respective rights and obligations hereunder.

21  Governing law 

21.1 The construction and performance of the CONTRACT shall be governed by the laws of England.

22 Precedence of Documents

These General Terms and Conditions shall have precedence over any other document referred to in the CONTRACT. In particular, but without prejudice to the foregoing, these General Terms and Conditions shall prevail over any terms and conditions contained in or referred to in any order or other document emanating from the CLIENT.
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