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Executive Summary 
 

Reducing the cost of well construction for the UK Continental Shelf (UKCS) is a key theme 

for Technology Leadership Board (TLB) and in line with the MER UK strategy. A hackathon 

event was held to identify new adapt and develop technologies that can contribute to 

lowering well construction costs. A large number of novel ideas were generated for five key 

challenge areas during the event and will now be picked up by technology delivery 

organisations that will, in collaboration with industry, develop the ideas into technology 

programmes. 

Introduction 
 

The cost of well construction in the United Kingdom Continental Shelf (UKCS) has increased 

at a growing rate over the last 10 years, with some operators indicating a 399% increase in 

P50 dry hole costs from 2001 to 20141. To ensure the UKCS remains a commercially viable 

region to operate in, the MER UK strategy recognises a need to reduce the cost of well 

operations. The TLB adopted well construction cost reduction as one of its key themes, and 

set up a workgroup, tasked to identify new technological solutions and practices which will 

reduce the cost of well construction on the UKCS. It has been identified that a combination 

of actions related to process improvement and new technology introduction are required to 

meet and exceed the work group target of a 50% reduction in the cost of well construction. 

The relationship between MER UK forums and work groups can be found on the Oil and Gas 

Authority (OGA) website here.  

To target the Adapt and Develop technology areas, a wells hackathon event was held to 

identify technologies that could significantly impact low cost well construction. An event of 

this nature was utilised as it is a proven tool; with TLB Small Pools and the OGA Southern 

North Sea Well Abandonment events being previously held. A hackathon event is seen as 

an effective engagement mechanism and can lead to faster delivery of ideas.  

Jointly driven by the Technology Leadership Board Workgroup, Industry Technology 

Facilitator (ITF), Oil and Gas Technology Centre (OGTC) and the OGA, the focus of the 

Hackathon event was to highlight challenges associated with well construction and to use 

the day as a platform for cross-industry supply companies (including small developers) to 

work with industry to identify innovative solutions. Of particular value are potentially shorter 

time-to-market solutions that can be adapted from other industries as well as new, blue-sky 

innovative ideas that could transform how wells are constructed. 

Ideas generated will be published in a report on the OGA website for technology delivery 

organisations such as the OGTC and ITF to turn into projects. 

                                                           
1
 ITF Technology Showcase presentation from Olav Skår  (Shell E&P) March 2016 

https://www.ogauthority.co.uk/about-us/mer-uk-forum-boards/technology-leadership-board/key-themes-well-cost-reduction/
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How Does a Hackathon Event Work? 
 

A hackathon event is undertaken to draw together the industry and supply chain, to find 

creative solutions to reduce, in this case the oil and gas industry cost of well construction.  

Hackathons started in Silicon Valley as a way to inspire new ideas, and were held internally 

by large software companies to promote new product innovation from its staff. It’s reported 

the Facebook like button was the output of a Facebook hackathon event. Centrica has 

utilised the idea and used it internally for many of its business units. To run these internal 

events Centrica trained a small team, currently around 25 people, to facilitate the days. 

These facilitators are called “Pioneering Facilitators”. 

The underlying idea behind generating new ideas at Hackathons is based on:  

 

 

 
One of the key aspects of a hackathon is for participants to stay expansive, offering new 

possibilities and opinions and to try to restrict reductive thinking by judging ideas or instantly 

thinking and saying “no”. Any idea generated is developed and discussed in a figurative 

Greenhouse of ideas where all ideas are understood and nurtured. While it is accepted that 

some of these seedling ideas may turn out to be weeds, equally there will be some seedling 

ideas that can flower. The ideas are recorded on a T bar sheet with a title, short explanation 

and graphic representation. 

The agenda for the day was based on five themed stations on the following pre-selected 

challenge areas generated by the TLB workgroup: 

1) Rock cutting and transportation 

2) Borehole stability and formation pressure 

3) Wellbore isolation 

4) Materials for downhole equipment 

5) Maximising productivity from a well 

Ideas generated during the event are presented, along with a more in-depth explanation of 

each challenge area. In each of the five challenge areas T-Bar sheets were drawn up for 

each idea generated. The ideas generated between sessions are represented in Appendix 

B. For those unfamiliar with oil and gas well construction, a top level explanation is 

presented in Appendix A. In the final breakout sessions all the generated ideas were 

explained by the relevant subject matter experts and some of the top ideas described. All 

participants then reviewed each idea in their respective challenge areas and voted for those 

they thought were best. The number of votes received for each idea is represented on each 

the T-bar sheets, on a yellow post-it note. 

A small number of attendees were unable to share their ideas at the hackathon due to 

confidentiality constraints such as Intellectual Property (IP). The OGA will work with these 
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organisations until the confidentiality issues are resolved and the ideas can be shared with 

the delivery organisation. 

Actions 
 

The key follow on action arising from the event are: 

 TLB ‘Well Construction Cost Reduction’ workgroup to publish free report detailing 

results from the day. 

 Technology delivery organisations, in collaboration with industry, to develop the ideas 

into technology programmes. 

 Progress of ideas to be reviewed by the TLB. 
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Ideas Generated  
 

Challenge 1: Rock Cutting and Transportation 

 

Rock Cutting 

Problem Statement 

Hydrocarbon bearing rock formations are typically located thousands of feet under the 

ground (either onshore or from the seabed). To reach these formations we are required to 

drill down through the earth’s crust to reach the reserves and provide an open conduit to 

surface to allow extraction. The current rates of penetration of the rock are dependent on 

many factors. The main three being the drill bit compatibility to the rock it is cutting; some 

drill bits (roller cone) work by disintegrating the rock by compressive failure, some bits (PDC) 

remove rock by shear failure. The bottom hole assembly above the bit contains heavy walled 

pipe that provides weight to the bit. The third factor is the pressure differential between the 

formation pressure and the circulating fluid pressure at the bit. 

Functional Requirement 

The requirement is for a new method or technology that can increase the rate at which we 

can cut and remove rock. 

Cutting Transportation 

Problem Statement 

By itself, rotating a bit doesn’t fully get the job done. The rock cuttings created by the drill bit 

must be removed from the hole; otherwise they collect at the drill bit and impede drilling. A 

pipe from surface to the drilling bit provides a conduit for a powerful pump at surface to move 

drilling fluid down the pipe, out of a series of nozzles in the drilling bit and lift the cut material 

away from the bit to surface. The drilling fluid has many purposes, in this case we are 

concerned with:- 

 Ability to clean cutting from the hole – influenced by fluid viscosity and velocity 

 Suspend cuttings when circulation stops – settling can result in avalanching, hole fill 

and bridging 

 Release the cuttings at surface- to maintain required fluid density 

Functional Requirement 

The functional requirement is for a revised and improved method to clean the hole of drilled 

material. 
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Summary of Top Ideas Generated 

Idea Votes Received 

Smart Bit – Sensors in bit with machine learning  14 

Fuse Rocks – melting rock to use as casing  12 

Underbalanced MPD – Increase ROP and reduce 
loss circulation by combining techniques 

 8 

Implementation Hackathon – how to get existing 
technology implemented by industry 

 7 

Mole Drilling – exploration drilling without creating 
a conduit 

 7 
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T-Bar Ideas 
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Challenge 2: Borehole Stability and Formation Pressure 

Wellbore Stability 

Problem Statement: 

Due to the depositional and buried environment, all formations have an existing stress 

regime in place. During the process of drilling rock is removed.  This disrupts the in-situ 

stress regime and leads to stress changes within the rocks adjacent to the wellbore.  This 

can result in deterioration of the stability of the wellbore as portions of the formation adjacent 

to the wellbore may break-off and fall into the wellbore.  This is known as wellbore instability. 

It results in a number of drilling problems/challenges as this extra material needs to be 

removed from the wellbore.  If the volume is too large and not removed it may be severe 

enough to close around the drill string trapping it in the well and resulting in the loss of the 

wellbore. Additionally, rock debris remaining in the wellbore can cause issues in running the 

drill string and subsequent casing strings in and out of the hole. 

Functional Requirements: 

The requirement is for methods or mechanisms to reduce or prevent this deterioration in the 

wellbore.  Whichever mechanism is chosen must ensure that the wellbore pass through 

diameter is kept the same, or very close, to that which is initially drilled.  The deployment 

mechanism for positioning the solution at the appropriate position in the wellbore also needs 

to be considered. 

Formation Pressure 

Problem Statement: 

During the construction phase whilst exploring down through the rock layers, porous 

formation are penetrated which may contain fluid (water, oil or gas) in its pore spaces, at 

pressure, that for permeable formations wants to flow into the well bore and up to surface. 

This fluid needs to be held back in the formation by maintaining a higher pressure in the well 

bore or by allowing it to flow using a pressurised containment system to prevent releasing 

the hydrocarbons. If left to flow without control, the pressurised water or hydrocarbons, 

would expose personnel and the environment to significant damage or risk at surface. 

Formation Pressure > Wellbore Pressure = Reservoir Fluid enters the well bore 

Formation Pressure < Wellbore Pressure = Reservoir Fluid remains in the formation 

Note: Too much pressure in the well bore and the formation breaks down 

Functional Requirement: 

We are seeking to develop innovative technologies and solutions to enable to penetration of 

the rock to reach the reservoir in a safe and controlled manner, managing the formation 

pressure or formation fluid, whilst not suffering an uncontrolled release to the environment. 

 

 



25 
 

 
 

Summary of top Ideas Generated 

Idea 
Votes 

Received 

Plasma Drilling and Casing – using plasma to drill and 
“melt” rock 

14 

Big Data Real Time Algorithms – incorporate all rig data 13 

Chemical Casing – reaction with formation to secure 
borehole 

11 

Liquid Casing – 3D print casing downhole 6 

3D printed casing – printer behind bit 4 
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T-Bar Ideas 
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Challenge 3: Wellbore Isolation 

 

Wellbore Isolation 

Problem statement: 

Buried porous rock formations will contain fluids (water, oil, gas) under pressure.  The actual 

pressure will be dependent upon a number of factors linked to the depositional environment 

and subsequent geological movements.  The pressure may be equal to a normal hydrostatic 

pressure from surface or be substantially higher or lower than hydrostatic. Before the well is 

drilled, this pressure is kept in place by overlying seals provided by impermeable non-porous 

formations. During the drilling process, as formation is cut, these seals are broken and the 

wellbore itself will provide a conduit for these pressured fluids to flow.  It is a safety 

imperative that these fluids are contained in-situ and not allowed to flow into the wellbore.  

This needs to be done whilst the formation is open as the well is being drilled but more 

importantly on a permanent basis once the section of the wellbore is complete or the well is 

being permanently abandoned.  Otherwise these fluids could migrate to other formations 

exposed by the wellbore or be released to the environment. 

Functional Requirements: 

The isolation requirement is for when the section of the well has been drilled.  The isolation 

must re-establish the seal and ensure formation fluids cannot escape from the formation and 

migrate to other sections of the well, or be released from the well to the surface environment.  

The isolation barrier must be able to be tested to prove its presence and functionality.  The 

seal must be able to be classified as a permanent barrier over extremely long durations. For 

example steel could not be called a permanent barrier as it will corrode over time. 

 

Summary of Top Ideas Generated 

Idea 
Votes 

Received 

Plasma Drilling – create a glass like wall to well 15 

Swell Clay – allow drilled clay to become barrier 14 

Slurry case – pump casing while drilling 6 

Swell – casing – isolation + smart materials 4 

Self-healing well – pump material during construction to repair 2 
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T-Bar Ideas 
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Challenge 4: Materials for downhole equipment 

 

Problem Statement: 

The loads, pressures, temperatures, and potentially corrosive conditions that may be found 

in a wellbore create the need for metals and materials that can resist such conditions. The 

high specification materials are expensive and require significant QA/QC to ensure the 

material meets the specification. 

Some commonly used materials for manufacture of downhole equipment are as follows:- 

Metals & Metal alloys 

Low-alloy steels with minimum yield strengths of 110 ksi are used for standard service in 

noncorrosive environments. 

Low-alloy steels with a maximum hardness of Rockwell 22C, and which meet NACE MR-01-

75 requirements, are intended for use in both standard service and service in sour H2S 

environments. 

Martensitic steels such as 9% chromium, 1% molybdenum, and 13% chromium alloy steels 

are used in some wet CO2 environments. 

22% chromium and 25% chromium duplex stainless steel are commonly used in some wet 

CO2 and mild H2S environments. 

Austenitic stainless steels, cold worked 3% Mo high-nickel alloy steels, and precipitation-

hardening nickel-based alloys are suitable for some environments containing high levels of 

H2S, CO2, and chlorides at moderately high temperatures. 

The successful application of any of these materials depends strongly on the specific 

downhole well environment. Many factors such as temperature, pH, chlorides, water, H2S, 

and CO2 concentrations can have adverse effects on the material performance and can lead 

to failures associated with: 

 Pitting 

 Corrosion 

 Chloride stress cracking 

 Hydrogen embrittlement 
 

Elastomers 

Nitrile is used in low- to medium-temperature applications for packers and packer-to-tubing 

seal assemblies in one form or another. It shows good chemical resistance to oils, brines, 

and CO2 exposure. However, its use is limited in wells that contain even small amounts of 

H2S, amine inhibitors, or high-pH completion fluids. Exposure to high concentrations of H2S 

and bromides generally is not recommended 

Hydrogenated nitrile or HNBR (chemical name: hydrogenated acrylonitrile butadiene) has a 

somewhat higher temperature rating and shows slightly better chemical resistance to H2S 

and corrosion inhibitors than standard nitrile. HNBR is more prone to extrusion than standard 
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nitrile and, as a result, requires a more sophisticated mechanical backup system similar to 

that found on most permanent and higher-end retrievable packers. 

Two fluoroelastomers that are commonly used in the oil and gas industry are 

hexafluoropropylene (vinylidene fluoride, commonly known by the trade name Viton* and 

tetrafluoroethylene (propylene, trade name Aflas**). These compounds are used in medium- 

to high-temperature applications. Both compounds show excellent resistance to H2S 

exposure in varying limits, CO2, brines, and bromides. However, the use of Viton should be 

questioned when amine inhibitors are present in packer fluids and in the case of high-pH 

completion fluids. 

Ethylene propylene (EPDM) is an elastomer commonly used in steam-injection operations. 

EPDM exhibits poor resistance to swelling when exposed to oil and solvents; however, 

EPDM can operate in pure steam environments to temperatures of 550°F. 

 Challenge for hackathon 

To propose alternative, more cost effective materials. 

 

Summary of Top Ideas Generated 

Idea 
Votes 

Received 

Raise the Standards roof – creating minimum standard to meet 
global operators requirements 

14 

The other guys – use of alternative materials for downhole 
equipment 

12 

Less is more – use smaller and lighter materials 11 

Controlled Testing – testing and design in a controlled environment 5 

Superstore membership – bulk buying from standardised stock 
across operators 

4 
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T-Bar Ideas 
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Challenge 5: Maximising productivity from a well 

 

Problem Statement: 

Maximising the volume of hydrocarbons we can ultimately recover from a well not only 

maximises value for the operator and their partners, but also for the UK oil and gas industry, 

and the UK economy as a whole. 

Although we do not have the ability to control reservoir rock properties and fluid properties, 

the flow of fluids into or out of a wellbore can be impeded for a variety of reasons; 

 The drilling practices, and fluids used, during the construction of a well can damage 

the reservoir’s ability to flow 

 The geometry, and design, of the tubing and completion equipment can impede the 

flow of hydrocarbons 

 The reliability, maintenance requirements and service life of the tubing and 

completion equipment can impact the total hydrocarbons recovered 

The rate at which we draw down hydrocarbons from a well can accelerate sand and fines 

production and/or coning (the production of bottom water or gas cap gas).  Sand and fines 

production can impede the flow of fluids into and out of the wellbore. Coning is a problem 

because not only must the second phase also be handled at the surface, but also the well’s 

production rate is usually dramatically reduced.  Furthermore, gas coning can rapidly deplete 

reservoir pressure and, ultimately, force shut in of the oil well. 

 Challenge for hackathon 

We are seeking innovative technologies that can be deployed to maximise the volume of 

hydrocarbons we can ultimately recover from a well. 

 

Summary of Top Ideas Generated 

Idea 
Votes 

Received 

Maximising reservoir contact – main well bore and multi string off it 13 

Hot & heavy – optimise wells for heavy oil 8 

Downhole gas generation – to help gas lift 7 

Tree roots – multiple small diameter capillaries 6 

Keep it local – downhole oil / water separation, and reuse water 
downhole 

4 
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T-Bar Ideas 
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Hackathon in Numbers 
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Appendix A: Explanation of Well Construction Process 
 

This explanation will go from the point where an oil company has identified a geological 

formation that it believes contains hydrocarbons; to the oil company extracting the 

hydrocarbons through a conduit to surface (either the sea bed or land).  

An oil or gas well is created by drilling a series of decreasing diameter (36" to 3") hole 

sections into the earth using an oil rig. After the hole is drilled the drilling assembly is pulled 

out of the hole (tripped out), and the wellbore is secured with a steel liner pipe, called casing. 

This pipe is supplied in short lengths 30-50ft and is threaded at both ends. This is screwed 

together and lowered, not drilled into the finished position and is marginally smaller than the 

diameter of the well bore. Liquid cement slurry is pumped down the casing pipe using a 

bottom plug, cement slurry, a top plug and drill mud. The pressure from the drill mud causes 

the cement slurry to move through the inside of the casing out through the bottom of the 

well. The slurry then reverses up around the outside of the casing (annulus) to fill the space 

between the outside of the casing and the drilled hole. Finally, the cement is allowed to 

harden and then tested for hardness, alignment, and a hydraulic seal. 

Well construction continues in stages: drilling, running and cementing new casings, then 

drilling again. This cemented casing provides structural integrity for the newly drilled well 

bore in addition to isolating potentially hazardous and unstable zones from each other and 

from the surface. With trouble zones safely isolated and the formation protected by the 

casing, drilling of the well can proceed deeper (into potentially more unstable or abnormally 

pressured formations) with a smaller diameter bit. This drill bit is conveyed to the bottom of 

the hole through the casing in place and is smaller in diameter than the inside diameter of 

the casing. This section is also subsequently cased off with a smaller sized casing. This 

process can be repeated two to five times, with increasing hole depth and decreasing casing 

size (decreasing depending on the internal diameter of the previous conduit) each with a 

cemented casing. 

Generally casing is run from well bottom to the surface; but the cement may not be pumped 

all the way to surface, just pumping the amount needed to cover the bottom part of the well 

which is open to the formation. Eventually the depth is reached where it is known or 

surmised there are hydrocarbons present. In a success case the well can then be completed 

to provide a controlled conduit to surface for hydrocarbons. 

A drilling rig contains all necessary equipment to circulate the drilling fluid, hoist and turn the 

pipe, control down-hole pressures and remove cuttings from the drilling fluid. It also 

generates power for these operations. The basic steps to actually drilling a hole involve 

screwing together the drill bit, drilling collars and drill pipe and lowering into the hole; 

attaching the top-drive (a power swivel) commencing circulation of drilling fluid down the pipe 

and out of the bit to transport cut material (cuttings) out of the hole; and then commencing 

drilling. As drilling progresses, new 95ft sections (joints) of drill pipe are added as the hole 

gets deeper. Trip out the drill pipe, drill collar and bit when the required depth is reached or a 

change in the drilling assembly is required. 

The success of drilling a hole depends greatly on the performance of the drilling fluid being 

circulated around the well bore. As the industry moves into deeper offshore areas and also 
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drilling deeper more complex wells the performance of the drilling fluid becomes much more 

critical. The correct formulations, maintenance and performance of the fluid can strongly 

influence the total cost of a well. Depending on operations there are various functions, which 

a mud must perform. This is true regardless of which hole section we are drilling, although 

the emphasis changes in different hole sections. 

Controlling formation pressure is the drilling fluids primary function and must be engineered 

at a density so that it holds back the pore pressure throughout the open borehole without 

fracturing the formation.  It must also prevent caving of the formation as it is desirable to 

have the hole we have drilled to be as close to the gauge as possible. This makes the hole 

easier to log, helps to ensure that the casing is properly cemented in place, and minimises 

mud costs. If the hole collapses during drilling, there is a danger of the pipe becoming stuck. 

Too low a mud weight may allow the walls of the hole to fall in. The hydrostatic pressure 

exerted by the mud must match or exceed the formation pressure. Mud chemistry is also 

important; reactions between the mud and the formation may cause the formation to swell. 

The extra pressure from the formation swelling may cause caving. In order to minimise loss 

of fluid to the formation the mud must contain suitable solids that form a protective mud cake 

which builds up on the borehole wall and prevents mud seeping into the formation. How 

easily cuttings are removed from the hole depends on the size and weight of the cuttings. It 

also depends on the flowrate, or more correctly, the annular velocity. In term of properties, 

cuttings removal depends on the viscosity of the mud. Muds with higher viscosities clean the 

hole better. The mud weight also plays a part. With higher mud weights, the buoyancy factor 

is greater. The cuttings have fewer tendencies to drop back down the hole, and are more 

easily carried to surface. A mud must also suspend cuttings when circulation stops. To 

suspend cuttings when circulation stops, the mud must have a gel structure. Gels are not the 

same viscosity. They are a property of the static mud. Viscosity is a mud property when it is 

moving. Too strong a gel structure can cause problems with breaking circulation and with 

swabbing (drawing in fluid) when tripping. Mud weight is also a factor: at higher mud 

weights, there is more buoyancy and the cuttings are closer to floating. The mud must also 

suspend the other solids that it contains for example Barite, a weighting material. 

When sensors in the drilling assembly and rock cuttings reveal oil, the reservoir rock may 

have been reached, the drilling apparatus is then removed from the hole and several tests 

performed to confirm the finding.  Well logging involves lowering an electrical cable with a 

string of various sensors on the end to the bottom of the well. Taking core samples of rock to 

directly determine the characteristics of the reservoir rock, or a well test where fluids are 

produced to surface and tested. 

In a success case, with a discovery of hydrocarbons, the well can be ‘completed’. 

Completion is the process by which the well is prepared for optimal production of 

hydrocarbons. The area above the reservoir section of the well is isolated inside the casing, 

and connected to the surface via the pipe of smaller diameter, named the production tubing. 

In many wells, the natural pressure of the subsurface reservoir is high enough for the oil or 

gas to flow to the surface. However, this is not always the case, as in depleted fields where 

the pressure has been lowered by other producing wells, or in low permeability oil reservoirs. 

Installing tubing with a smaller diameter may be enough to facilitate production, but artificial 

lift methods may also be needed. Common solutions include down hole pumps and gas lift. 

The way a well is completed depends heavily on the rock type the hydrocarbons are found 

in. For limestone reservoir rock, acid is sometimes pumped down the well and out the 
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perforations. The acid dissolves the limestone creating channels through which oil can flow 

into the well. For sandstone reservoir rock, a fluid containing proppants is pumped down the 

well and out through the perforations. Once the oil is flowing, the oil rig is removed from the 

site, and production equipment is set up to extract oil from the well. 
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Appendix B: List of Attendees 
 

Thanks to the following persons, who form the ‘Low Cost Well Construction’ workgroup, for 

organisation of the event: 

Margaret Copland – Oil and Gas Authority 
Malcolm Banks – Oil and Gas Technology Centre 
Katy Heidenreich – Oil and Gas UK 
Fraser Evans – Engie 
Neil Jack – Shell 
Ben Foreman – ITF 
Pauline Hailstones - ITF 

Thanks to Centrica and the following Centrica ‘Pioneering Practitioners’ for facilitating the 

five stations 

Alan Littlejohn 
Alistair Currie 
Jessica Thompson 
Phil McCaffrey 
Vincent Verlinden 

Thanks also to the five subject matter experts who ran the five challenge stations and 

provided expert feedback to participants in each working session. 

Phil Davies – LR  
Paul Davidson – Shell 
Mike Hartley – Engie 
Boris Thomas –Shell 
Ian Crossland – Resman AS 
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