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(2003), these concepts were first discussed more than a decade ago. Next generation 

developments are moving towards a true monobore (Burrows, 2005; von Flatern, 2006b) 

with improved well-control and production performance.  

There have also been significant improvements in well-stimulation technologies that 

have opened up new unconventional resources (e.g. shale gas resources in the Barnett 

Shale, Texas; Shirley, 2002).  

Not discussed here, are changes in mud systems, drill bits (NationalDriller.com, 

2006), measurements while drilling (Adeleye et al., 2005, Rocha et al., 2003), managed 

pressure techniques (Rommetveit, 2005), vibration control, well steering, surface blowout 

preventers (BOPs) on floaters, and many other factors that have led to significant 

improvements in drilling reliability, wellbore integrity, drilling rates, and costs (Lambert 

et al., 2005). 

2. Historical Impact:  

Advances in drilling technology have enabled exploration in deep water (where wells 

were previously thought to be undrillable due to small differences between pore pressure 

and fracture pressures in the shallow weakly consolidated sections (Rocha et al., 2003; 

Cahuzac, 2004), weight of equipment as well as difficult ocean currents (Payne, 2004) 

among other challenges). Similarly, improvements in drilling technology (novel 

materials, measurements while drilling, and real time intervention) have led to the 

relatively common drilling of high-pressure, high-temperature wells, although there can 

still be significant difficulties. Increases in the distances that wells can be drilled from a 

remote location (extended reach) have led to improved access to resources—for example, 

the Sakhalin Chavyo Field is being tapped by onshore wells with 8 to 10 km reach 

offshore (Viktorin et al., 2006). 

Improvements in coiled tubing drilling have led to its widespread usage in Canada 

for exploiting coalbed methane as well as shallow gas (Anon. 2005). It is becoming 

increasingly used for the deeper U.S. coalbed methane opportunities with technology 

adaptation (NETL, 2006). Recent experiments in the USA using coiled tubing drilling 
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have indicated the possibility for more rapid, cheaper drilling (ca. 38% cheaper—Perry 

and Barnes, 2006).  

D. Tables of Advances 

Drilling technologies are rapidly evolving on many fronts from materials to sensors 

to data transmission. Table XIIID.1 lists the most promising technologies that could have 

a significant impact by 2010. The technologies identified in Table XIIID.2 are potential 

contributors to exploration results in the 2020 to 2030 time frame and include advances 

that may be categorized as more breakthrough in nature. Due to the longer time frame, 

there is also greater uncertainty regarding both technical feasibility and potential 

commercial impact. Estimating the rate of drilling technology uptake is difficult—Payne 

(2003), Hinkel (2006), and Bridges (2005) all indicate that the drilling industry has been 

notoriously slow to adapt to new technology.  

Technology Significance Brief discussion 
Advances in 
high-pressure, 
high-temperature 
wells 

Medium The NETL’s DEEPTREK research program 
(Schlumberger, 2005; Spross, 2005) among others, 
is addressing a number of significant issues 
associated with drilling deep HPHT wells. The 
chance of improvements is stated to be significant 
(Nationaldriller, 2006), increasing access to new 
prospects. One promising area is in managed 
pressure drilling (Rommetveit, 2005). 

Improvements in 
coiled tubing 
drilling and 
microholes 

Medium Ongoing work at drilling companies and the 
National Energy Technology Lab (NETL) is 
focused on extending the depth range for common 
use in unconventional resources and via microholes 
to reduce costs significantly (Spears & Assoc, 
2003, NETL, 2006, Perry et al., 2006; Perry and 
Barnes, 2005)). 

Ultra-extended 
reach Wells 

Medium Continued increases in ability to drill long 
distances from distant locations will improve 
access to environmentally sensitive areas as well as 
potentially reduce costs (Mason, 2006). 

High-speed 
telemetry  

Medium Enables more accurate placement (geosteering) as 
well as quicker operational responses to subsurface 
drilling conditions (NETL May 2006) plus better 
formation evaluation to find hydrocarbons while 
drilling. 
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New materials  Low Composite-material lightweight drill pipe that 
offers better flexibility for deviated wells (NETL); 
could result in reduced-weight risers to enable 
more rigs to drill in deep water. 

Dual-gradient 
drilling (riserless 
mud recovery) 

Low Addresses the difficulty associated with drilling 
shallow rock sections in deepwater wells where the 
drilling-fluid pressure can exceed the fracture 
gradient unless multiple casing strings are used—
would reduce costs. Also enables zero mud 
discharge to the environment, which is critical to 
drilling in a number of areas. Had recent success in 
Caspian, Sakhalin and North Sea (Schubert, 2006, 
Hannegan and Agave, 2006, Elieff, 2006, AGR 
Subsea, 2006, Francis, 2006). 

Expandable 
casing, tubulars, 
or monobores 

Low Enables drilling of nearly constant diameter well 
with depth and could enable some wells to avoid 
being shut-down because of “running out of hole” 
(Burrows, 2005) as well as reducing overall drilling 
costs. 

Table XIIID.1. Summary of near-term (by 2010) technologies in priority categories. 

The priority is determined by the difference in impact between a business as usual 

case and an accelerated technology case, listed with greatest impact first. 

Technology Significance Brief discussion 
Self-contained 
robotic drilling 
for subsurface 
measurements at 
lower cost 

Medium, but 
with a high 
risk factor 

The only publicly described robotic drill is the 
Badger (Badger AS), which is being researched to 
provide cost-effective, self-contained drilling 
requiring neither mud nor casing. The potential 
impact is to afford relatively rapid, but most of all 
cost-effective drilling of exploration wells. The 
drilling rates will be slow but no rig will be 
required. Several key hurdles remain to be 
overcome before viability can be demonstrated. 

Laser drilling Low-
Medium—
could result in 
lower drilling 
costs and 
improved 
production 
rates; may 
open up new 
environments 

Laser drilling has been a topic of research over 
several decades but recent advances (e.g. Gahan 
and Shiner, 2004; Xu et al., 2005, Xu et al., 2004, 
Pooniwala, 2006) in both lasers and concepts 
provide optimism regarding possible commercial 
applications in hydrocarbon exploration. However 
it is still unclear whether a commercial version will 
be developed and widely applied within the time 
scope of this study (2030). Should be able to drill 
faster in hard (deeper) rocks than conventional 
drilling methods. 
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Seabed drilling Low with a 
high risk of 
failure 

Active research area with some challenging 
problems to solve, but may be completed within the 
time frame (Ayling et al., 2003; Seabed Rig AS 
website. World Oil, 2004a,b). Could reduce costs 
and expand drilling opportunities. 

Table XIIID.2. Summary of longer-term technologies in priority categories. 

E. Discussion 

Advances in drilling technology have the potential to play a significant role in 

improving exploration results by the year 2030 for the following reasons: 

• Developing technology that enables drilling in difficult-to-drill settings—

examples include ultra-deepwater provinces, HPHT provinces, arctic areas, 

environmentally sensitive areas, etc. Technologies like high-speed telemetry 

drilling (NETL), advances in HPHT drilling (NETL), new material wells (NETL) 

and seabed drilling (Seabed Rig AS) all could result in this advance. Riserless 

mud recovery (dual-gradient) technology may become more important as it can 

enable zero mud discharge to the seafloor (AGR Subsea, 2006). 

• Reducing drilling costs (particularly offshore) to the point where significantly 

more exploration wells can be drilled for the same investment cost (e.g. Badger 

AS). In this scenario, companies might be willing to drill riskier opportunities.  

• Reducing drilling and stimulation costs such that currently marginal or 

subeconomic conventional or unconventional resources can become exploration 

targets (e.g. advances in coiled tubing drilling for deeper unconventional 

resources NETL, 2006; microholes). Other technologies in this category include 

dual-gradient drilling (Hanegan and Agave, 2006) and expandable tubulars 

(Burrows, 2005). 

 If the technology continues to develop along a baseline (“business as usual”) trend, 

then there is likely to be a small to moderate impact on the volume of hydrocarbon 

resources available in 2030. Incremental improvements in drilling technology historically 

have led to gradual improvements in exploration volumes (opening up deepwater 

resources in the GOM, West Africa, Brazil, etc.) as well as HPHT resources in the North 

Sea, GOM and elsewhere around the globe.  
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If, however, there is a breakthrough in drilling technology—either through the 

development of robotic drills, new drilling processes (e.g. laser) or other processes that 

lead to substantial (orders of magnitude) reductions in costs, then a significant increase in 

exploration activity and success might result. In some ways, assessing the magnitude of 

this problem is akin to the problem of estimating exploration drilling rates with changes 

in hydrocarbon prices (Dahl and Duggan, 1998). However at this point in time, the 

chance of a breakthrough technology significantly impacting production in 2030 is low. 

 There are two principal barriers to the more rapid development of either baseline or 

step-change technologies.  

• As described by several authors (Payne (2003), Hinkel (2006), and Bridges 

(2005)), there is a great resistance to rapidly adapting new drilling technologies. 

As drilling costs are a substantial fraction of companies’ investment (the cost of 

current deepwater wells can exceed US$100M—Gold, 2006), the possibility of 

increasing costs further by serving as a pilot for new technology is 

understandably unattractive, although the potential reward may be high. 

• Second, development of new, breakthrough, drilling-technology advances is 

necessarily long-range and requires significant pre-investment. All of the 

breakthrough technologies are funded to a large extent by national governments 

as well as large oil and gas companies. The Badger Explorer robotic drill 

program is funded by the Norwegian Research Council, Statoil, Shell and 

ExxonMobil. The Seabed Drilling Project was initially developed in 2003 to 

2004 under the non-profit Industry Technology Facilitator (comprised of oil and 

service companies and the UK Department of Trade and Industry) and is now 

seeking funding to continue. Both the laser drilling and the microhole drilling 

projects have been heavily supported by the U.S. government.  

Although, development of drilling technology advances and implementation can 

occur naturally through economic pressures (von Flatern, 2006a), accelerated 

breakthrough technology development and implementation will probably require 

governmental incentives to entice “early technology adopters” as well as sustained long-
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term funding either of joint industry research programs or governmental programs with 

clear accountability.  

 The potential prize is that drilling technology advances may lead to the more rapid 

or more complete identification of undiscovered hydrocarbon accumulations for both 

conventional and unconventional resources. This prize may be particularly significant in 

the 2030 time frame for the USA for unconventional resources, environmentally sensitive 

areas, difficult-to-drill environments, and deepwater offshore resources.  


