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Abstract

There are over 300 undeveloped discoveries on the UKCS, estimated to contain aggregate reserves of more than six billion barrels of oil equivalent.  A comprehensive survey has identified that low well deliverability is a primary challenge to development of this resource. 

Following literature reviews, a series of information-gathering meetings was conducted with both oil companies and service providers.  Thirty-five undeveloped discoveries were examined in detail and the knowledge gained was used to design an interactive workshop.  This paper summarises information from fourteen companies and identifies barriers associated with low deliverability reservoirs and corresponding solutions.  The reserves associated with specific barriers and potential solutions are highlighted.  

Undeveloped discoveries with a well deliverability barrier are typically low permeability, thin- or inter-bedded and with uncertain reservoir connectivity.  The technical barriers are challenging, but many solutions exist to manage the risks and uncertainties.  For example, better-targeted, long and/or multi-lateral well-bores, hydraulic fracturing, under-balanced drilling and non-damaging drilling and completion fluids all have potential to raise deliverability.

In other cases, solutions are being developed, such as improvements in modeling structurally complex reservoirs and advances in the areas of seismic resolution and prediction of reservoir performance from seismic data.  

Non-technical solutions also have an important part to play.  An example is where companies form an alliance to strengthen their technical capability and generate a sufficient resource target in an area such as under-balanced drilling.  The study found that the drive towards low cost can often be at the expense of adding value.  Service providers frequently found that even within the same company, buyers and users have different objectives.  Buyers are driven by ‘cost’, whereas users should be driven by ‘value’.  There needs to be a shift towards value-based procurement practices, with a re-appraisal of company objectives and internal performance measures.  Similarly, more effective contracts are needed which recognise the impact of risk.  

The stage is set for a new wave of activity on UKCS developed fields and undeveloped discoveries and a series of recommendations is made to help facilitate their development.

Introduction

The large portfolio of undeveloped UKCS discoveries is a significant target for reserve additions and new investment.  Various studies have indicated that there are over 300 undeveloped discoveries, containing aggregate reserves in excess of six billion barrels of oil equivalent (BBOE).  The distribution of reserves as at end-2001 between developed fields, fields under appraisal, potential additional reserves and undiscovered recoverable reserves is shown in Figure 1 [1].  Figure 2 shows the categorization of these reserves.

PILOT [2] is a group of industry and government leaders who are working in partnership to deliver quicker, smarter and sustainable energy solutions in the UKCS.  As part of this activity an Undeveloped Discoveries Work Group was established in March 2000 to examine barriers to development.  Their findings are summarized in Figure 3 and it can be seen that low deliverability was identified as a key barrier.  The UK Department of Trade and Industry (DTI) was charged with the task of addressing this barrier and exploring how to unlock the potential from these undeveloped discoveries.  A phased approach was adopted, which started by gathering information on existing techniques and latest technological developments.  

The second phase of this initiative involved collating and analysing data on low deliverability prospects, in order to understand the reasons for their lack of development.  There are many potential reasons for low deliverability, including:

· Low permeability

· Highly viscous oils

· Thin pay

· Poor reservoir connectivity

· Low reservoir pressure

· Production of unwanted fluids or contaminants or precipitation of unwanted minerals

· Lack of well production stability

The industry does not currently bring these factors together to focus attention on the overall problem.  For example, service companies do not offer ‘solutions to low deliverability’ and conference sessions are not devoted specifically to low deliverability.

A third phase in this initiative was to obtain a better understanding of specific UKCS barriers by holding structured discussions with operators and service providers.  The findings were used to design a workshop that brought companies and service providers together for open discussion and exchange of views.  

The overall objective of this engagement process was to identify key enabling technologies to unlock the presently constrained UKCS undeveloped discoveries and foster an environment that promotes technological development and uptake of best practice.  This paper describes the findings and recommendations from the structured discussions and workshop, and refers to recent initiatives that address some of the recommendations.

Information Gathering

Low deliverability has been identified as a barrier for at least 46 of the 300+ undeveloped discoveries and 35 were considered during the structured discussions with companies.  Volumetric data was available for about 60% of the discoveries that were discussed and the aggregated hydrocarbons (P50 values) were:

· STOIIP greater than 1.7 Bstb

· GIIP greater than 6.6 Tcf

· Reserves greater than 393 MMstb and 1.9 Tcf

· Typical productivities of less than 4 stb/day/psi, 5 MMscf/day/psi

The distribution of the aggregated hydrocarbons by area, fluid type and geology is shown in Figures 4, 5 and 6. 

Eleven meetings were held with oil companies and another five meetings were held with service providers.  The discussions took place in Spring 2001 and the nominal format for the structured meetings included:

· an overview of the selected discoveries

· a brainstorm to identify potential barriers

· generation of an objectives network to identify potential solutions

· ranking to identify priorities

The barriers and solutions were generated interactively and generic examples of a mind map and objectives network are illustrated in Figures 7 and 8.  Meetings with service providers focussed on potential solutions for the emerging key barriers identified by the oil companies.

Following the structured discussions, a workshop on “The Challenge of Low Deliverability” was held in May 2001.  A total of 39 invited representatives from 25 different oil companies and service providers attended.  The specific objectives of the workshop were to:

· Share findings from the structured discussions

· Provide a forum for presentations of field case studies and examples of enabling technologies

· Enable discussion on barriers and solutions

· Gain feedback on a recommended way forward

Low Deliverability Barriers

The key barriers have been grouped into ‘technical’ and ‘non-technical’ categories and are summarised below.

Technical Barriers. The following were regarded as the key technical barriers:

Poor reservoir characterisation.  Reservoir complexity, low net-to-gross and lack of seismic resolution contributed to a lack of confidence concerning the location and extent of hydrocarbon bearing rock.

Low permeability.  At least half of the discoveries were regarded as having ‘low’ permeability.  In the UKCS chalk formations, the low permeability was associated with a lower density of microfractures than commonly found in the Norwegian sector.
Compartmentalisation.  Relatively high levels of compartmentalisation were common, associated with interbedded sands and shales, eg Southern North Sea Carboniferous; heterogeneous reservoirs, eg inter-channel facies, Forties Formation; highly faulted formations.
Low reservoir energy was attributed to low gas/oil ratios, low rock compressibilities and poor/uncertain aquifer support.  This barrier was also related to anticipated difficulties when transporting gas to distant infrastructure where inlet pressure requirements may be too high.
Commingling of fluids from stacked reservoirs raised concerns about fluid compatibility, minimisation of interventions and maximising reserves.
Low hydrocarbons in place.  Although not a deliverability issue, this generic barrier was common to many of the discoveries considered.
Non-Technical Barriers.  The following non-technical barriers were common to a number of discoveries:
Commercial/contractual issues.  High tariffs and inflexible gas sales agreements were regarded as barriers to development.  Lack of ‘materiality’ often resulted in partners not addressing issues and thus delaying development decisions.
Well and facilities costs.  Deep wells and compression for gas export were seen to impose unacceptable costs, which killed some development plans.
Infrastructure.  Lack of access to infrastructure and limited ullage availability were barriers for some discoveries.

Licence costs.  Some licence fees increase with time in order to encourage licensees to either develop or relinquish.  On occasion, this has resulted in some old blocks becoming expensive compared to new licences and may dissuade new licensees. 
Procurement.  During periods of low oil price, emphasis is usually placed on cost cutting and the procurement departments in oil companies can exhibit a short-term outlook.  Procurement behaviour tends to focus on low cost, low risk technology and the potential incremental value of new technology does not appear to be routinely considered.
Global competition.   Some companies seem to prefer to work in lower cost, less regulated areas outside of the UKCS.
Reserves Associated With Barriers.  The percentage reserves associated with some of these key barriers are illustrated in Figure 9.  This figure has been derived by apportioning the whole of a discovery’s reserves to each barrier associated with that discovery.  No attempt has been made to allocate reserves to barriers in proportion to their perceived significance and so ‘double counting’ will have occurred.  Although the results cannot be used quantitatively, they do indicate the relative importance of the barriers.  Poor reservoir characterisation, low permeability and compartmentalisation are the most important barrier for oil reserves and low energy and compartmentalisation are the most important barriers for gas reserves.
Low Deliverability Solutions

A number of operators are actively assessing their portfolio of discoveries and seeking to develop, divest or relinquish as appropriate.  Re-evaluation of discoveries using the latest tools and understanding was recommended and has revealed upside in some cases.  Synergies between discoveries are being considered and possibilities inherent in geographical clustering are being investigated.  

A number of potential solutions to low deliverability barriers have been identified and these are summarised below.

Technical Solutions.  Several barriers were described by the oil companies as awaiting technical solutions.  This view was in contrast to the general response from the service providers who believed that solutions to most of the barriers have been identified.  This apparent inconsistency may be due to:
· Insufficient publication of data which demonstrates the efficacy of new technology

· Insufficient communication between oil companies and service providers

· Insufficient communication between technology users and procurement staff within an oil company

· Different perceptions of the risks/benefits associated with new technology

Specific technologies that may help to remove barriers included:

Improved seismic.  Improvements in cost, resolution and reinterpretation of seismic data are continually being made available.
Advanced wells.  Multilaterals, coiled tubing and through tubing rotary drilling are all expected to provide cost effective intervention for low deliverability discoveries.
Under-balanced drilling (UBD).  The benefits of UBD over conventional drilling can typically be penetration rates up to four times faster and productivities up to seven times higher.  There are more than 8,000 UBD wells in Canada and USA, but only about 25 UBD wells have been drilled in the UK.  More than half of the UK UBD wells are offshore.  Concerns over safety and cost/value need to be addressed, together with the availability of experienced staff and equipment.
Multiple openhole sidetracks.  It is now feasible to use expensive openhole ‘fishbone’ wells in low permeability reservoirs because an ‘intelligent’ coiled tubing lateral finder is available to shut off watered-out branches.
Hydraulic fracturing.  More than a million fracs have been completed since 1947 and the increase in productivity in vertical wells is typically two to three times higher than before fraccing.  Most fracs are onshore USA and it is clearly a routine operation.  More than 140 fracs have been completed in offshore Norway/Denmark, but take up in the UKCS was considered to be relatively slow.
Analogues for reservoir characterisation.  The establishment of a bank of analogues would be valuable, particularly with respect to geology and production performance.

Advanced completions.  Sand control, downhole flow control, multiphase subsea pumping and flow measurement are available.  

Formation evaluation.  A range of formation testing tools is available which can provide a high-resolution petrophysical description of low contrast pay.
Non-Technical Solutions.  A complete change in mind-set is required to move from cost-based procurement, to value-based development plans.  This change would require a fundamental culture change within companies and more widespread use of risk management, both in terms of risk assessment and risk sharing contracts.  It would appear that some oil companies are already making this change.  Since many undeveloped discoveries are small, at present economic development can only occur if operations are successful first time.  Development risks may be easier to manage if discoveries are grouped into ‘technology’ clusters so that risks may be shared.

The Satellite Accelerator [3] initiative is being used for a number of discoveries, but several companies suggested that “alliance bidding” can be inefficient and should only be undertaken after careful consideration.

Reserves Associated With Solutions.  The percentage reserves associated with some of these solutions are illustrated in Figure 10.  As with Figure 9, this data has been derived by apportioning the whole of a discovery’s reserves to each solution associated with that discovery and ‘double counting’ will have occurred.  Although the results cannot be used quantitatively, they do indicate the relative importance of the solutions.  Improved seismic, advanced wells and risk management are the most important solutions for both oil and gas reserves.  Hydraulic fracturing is regarded as a significant solution for oil reserves.

Suggested ways forward

The UK oil industry is invited to consider the following recommendations:

Technologies.  There should be an ongoing evaluation of progress in the three key technological areas of advanced wells, UBD and hydraulic fracturing.  This should comprise:

· Quantification of the potential benefits of key technology areas

· Regular updates on level of uptake

· Publication of results from recent field operations

· Assessment of successes and failures

· Dissemination of best practices

Risk Management.  A key barrier for low deliverability discoveries is the perception of risk, which varies with oil company, service company and province.  There is a need to move from cost assessments to value assessments and a wider adoption of structured risk assessments would be beneficial.  Consideration should be given to making a structured risk assessment part of the field development planning process.

Field trials should be encouraged to reduce risk.  Risk sharing could be adopted more widely, for example by developing discoveries as ‘technology clusters’ and using risk sharing contracts with suppliers.

Procurement.  There was a strong message from service companies that procurement practices should be reviewed.  

Some companies noted that First Point Assessment Limited (FPAL) had been set up to bring greater efficiency and performance understanding into the procurement of goods and services in the petroleum industry.  It was felt that a wider adoption of FPAL may be beneficial.

The Satellite Accelerator process has been very helpful, but should be reviewed, since several companies expressed hesitation about participating because they regarded the cost/benefit to be unattractive.  

Awareness Raising.  Staff in oil companies need to be more aware of new technology, including both a technical understanding and an appreciation of the associated risks and benefits.  This could be achieved through appropriate investment of time on publications, industry seminars/conferences and support of field trials.  The appointment of ‘technology champions’ within companies could facilitate the uptake of new technology.

Resource Sharing.  Some companies reported that reassessment of low deliverability discoveries using current best practices was very worthwhile and this should be more widely encouraged, perhaps through the publication of case studies.  

It was recognised that there is a pull of expertise away from UKCS and so ways of reversing this trend should be sought.

Consideration should be given to the creation of a UKCS data compendium that contains detailed geological, geophysical and production data, for a range of specific field analogues.  This would help reduce risks and uncertainties when planning new developments with similar reservoir characteristics. 

The demand for a low cost intervention vessel in UKCS which could provide UBD should be reviewed.

Culture Change.  Many of the foregoing recommendations imply the need for a culture change within the industry in order to extract value from the UKCS undeveloped discoveries.  Such a culture change may be hastened by national benchmarking, for example, industry metrics such as the number of UBD wells/month could be regularly published. 

The appointment of nationally recognised ‘technology champions’ may be a way of encouraging appropriate adoption of new technology within UKCS.  This could be accompanied by providing audits of best practice to oil companies.

Conclusions

The conclusions from the structured discussions and workshop were:

· There are few technology gaps and technological solutions exist to overcome many of the low deliverability barriers.  Improved seismic, advanced wells and hydraulic fracturing each has the potential to raise deliverability.

· The major technical constraints are uncertainties in reservoir characterisation, compartmentalisation and low permeability.  There is also a number of important commercial and contractual obstacles.

· Significant progress will require a change in mind-set/culture, with greater focus on adding value rather than simply reducing cost.  

· A first step should always be to examine and re-evaluate available data using today’s best practice.

· Increased collaboration between companies is important and it is encouraging that the level of collaboration appears to be increasing.

· Since many undeveloped discoveries are small, economic development can only occur if operations are successful first time, so risk management is key.  Development risks may be easier to manage if discoveries are grouped into ‘technology clusters’.

· Some of the larger operating companies are in the process of developing, divesting or relinquishing their portfolios of undeveloped discoveries.  Smaller companies are expected to play an important role in the future development of these discoveries.

· Some parts of the UK oil and gas industry are continually attempting to expand the technological envelope.  However, skilled personnel are leaving the UK through lack of technology uptake and market activity is needed to develop new technologies.

· Significant beneficial technology development is taking place in mature fields.

· It is important that service providers continue to raise awareness of the technologies available and oil company personnel ensure they are up-to-date with these technologies. 

Progress since the conclusion of this study

A number of initiatives have been progressed since completion of this study which address some of the recommendations, namely:

· PILOT’s initiative on industry Codes of Practice was launched in March 2002, for both operators and the supply chain partnership.  It aims to foster a culture change by addressing many of the commercial/contractual inefficiencies and creating a more effective business environment, for example, standard contracts and widespread use of FPAL.

· DTI’s initiative on fallow discoveries, also launched in March 2002, aims to stimulate activity and will include low deliverability discoveries.

· Progressing Partnership Work Group, a sub-group of PILOT, initiated a study in April 2002 to examine whether organizational barriers in the UK are slowing the uptake of technologies.  DTI is sponsoring this study.

· Planning has begun for an undeveloped discoveries “show-case event” which would bring oil companies and service providers together  that will raise awareness of a range of enabling technologies.  
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Figure 1:  UKCS Reserves at end-2001
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Figure 2: Categorisation of UKCS Reserves at end-2001

	


Figure 3:  Number of undeveloped discoveries that were restricted by a particular barrier




	


Figure 4:  Indicative distribution of hydrocarbons initially in place by geographic area for low deliverability discoveries

	


Figure 5:  Indicative distribution of hydrocarbons initially in place by fluid type for low deliverability discoveries

	


Figure 6:  Indicative distribution of hydrocarbons initially in place by geology for low deliverability discoveries
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Figure 7: Generic mindmap illustrating low deliverability barriers
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Figure 8: Generic objectives network illustrating potential solutions to barriers

	


Figure 9: Relative importance of barriers

	


Figure 10: Relative importance of solutions
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