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Offshore redux   
Is the industry ready to restart E&P activities offshore?  

It certainly looks that way.

I
t’s been a long time since we’ve had much good to say about the oil and gas 
industry. And when it comes to offshore, it seems like a very long time indeed.
But as we approach the 48th anniversary of the Offshore Technology Con-

ference, it’s interesting to note that pundits are starting to write about the off-
shore again. Yes, the shale plays in North America have been the darlings of 
pundit talk in the past few years, while offshore projects continued to be over 
budget, not competitive and “dead in the water.” 

But there have been a few sparkles in the water of late, and we must not for-
get the true remaining elephants are most likely located offshore. The shale 
industry wasn’t the only locale that adjusted to a lower-for-longer regime. The 
offshore industry has had to cope with project overruns that caused companies 
like BP to scale back a $20 billion project estimate on its Mad Dog Phase 2 to 
just $9 billion once company executives took a close look at the project and 
basically said, “What??”

In some recent news releases, companies like S&P Global Platts, Wood 
Mackenzie and Rystad Energy have taken up the offshore mantle, and we’re 
all happier as a result. Wood Mackenzie, for instance, noted that deepwater 
project costs have dropped 20% since 2014 and added that current deepwater 
breakeven prices could be as low at $50/bbl. 

“That has made the prospect of launching these offshore projects more pal-
atable even with low oil prices and competition for resources from U.S. shale 
plays,” a FuelFix article about the Wood Mackenzie report stated. “The cost 
reductions come from lower rig prices and moves to redesign projects and 
pump higher quantities of oil from wells.”

Additionally, S&P Global Platts said new U.S. Gulf of Mexico fields will add 
to production and perhaps spur operators to begin exploring again offshore 
after a virtually total dearth of offshore exploration over the past couple of 
years. Although the report said it might be 2018 before any noticeable activity 
takes place, new fields are adding to production, and recent finds are causing 
a renewed interest in development. 

And the Rystad report will put smiles on the faces of some of those who lost 
their jobs during the last downturn, anticipating that hiring in the offshore 
sector will resume later this year after the shale plays regroup. 

Finally, Bernstein Energy did a deep dive into current offshore projects to 
help investors determine those that are most likely to see development dollars 
in the future. Its study noted that 152 projects are under appraisal, up from 
a year ago. “Simplistically, therefore, we can say the offshore is looking 29% 
more optimistic than a year ago.”

I’m not sure just how optimistic 29% is, but it’s certainly a 
step in the right direction. 
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Rhonda Duey, Executive Editor

E
ven as Enbridge announces 1,000 layoffs in Houston 

and Calgary, other companies are starting to come 

to the realization that they need to start thinking about 

attracting talent again. It’s an age-old problem in the 

industry—investors reward companies that shed head 

count when prices drop, but talented engineers, geo-

physicists and others don’t just grow on trees. Several 

studies have recently addressed this issue.

The University of Houston, for instance, released a 

report in January noting that although many of those who 

were laid off might return to the industry, they also were 

not pleased about their treatment during the downturn. 

“A sizeable percentage of the estimated 230,000 people 

worldwide who lost industry jobs since 2014 may not want 

to go back,” a press release announcing the study stated.

The study found that almost two-thirds of those who 

had found jobs after being laid off were working in 

other industries, while most remained unemployed. 

Only 13% had found other jobs within the industry. 

“Researchers attributed [this] in part to continued 

industry cutbacks,” the release stated. “But they said 

other factors are also at play, including workers’ sense 

that the layoffs were poorly handled.”

The survey was returned by 720 people with a medi-

an age of 53, most of whom were male and 73% of 

whom had college degrees. Additional findings listed 

in the release included:

• 71% of respondents who said they are anxious 

about the industry’s future;

• Two-thirds who said they felt their former employ-

er’s discharge procedures were biased and didn’t 

allow them to share their views; and

• 55% who said they are considering leaving the 

industry within the next year.

According to the release, Bob Newhouse, an industry 

consultant who aided with the study, said the findings 

suggest that human resources and management prac-

tices have significant impact on industry perception, 

which in turn affects the resiliency of the workforce. 

And despite early warnings of looming layoffs, differ-

ent people can be treated differently during the actual 

event, even within the same company. 

Still a good place to work?
Another study by Opito, a skills body based in the U.K., 

shows that students living in the U.K.’s energy hubs still see 

the North Sea oil and gas business as a viable career. More 

than 500 students participated in the “Youth Perception of 

a Career in the Oil & Gas Industry” report conducted by 

Opito throughout 2016. Study results will be shared with 

the industry as well as several U.K. organizations.

Students between the ages of 14 and 21 were que-

ried, and of those 81% are interested in pursuing a 

career in oil and gas. They cited reasons such as the 

opportunity for global travel, the ability to use cut-

ting-edge science and technology, and salary. More 

than three-fourths of the respondents consider there to 

be longevity in the U.K. Continental Shelf. Those who 

disagreed with this assessment cited a lack of confi-

dence in long-term resources, competition from basins 

in other parts of the world and increased sustainability 

in alternative energy.

The role of technology
The Futurestep division of Korn Ferry, meanwhile, 

released a study predicting talent acquisition in multi-

ple industries. While the study examined several trends 

based on interviews with recruiting experts around the 

world, the main theme seemed to be the “ubiquitous 

presence of technology in the talent world.”

“It doesn’t matter what industry our clients are 

in—everything from manufacturing to professional 

services and retail—every company can now be classi-

fied as a technology company,” Futurestep CEO Byrne 

Mulrooney said in a press release. “This has forever 

changed the way talent acquisition experts do their 

jobs and what candidates have come to expect.”

Additional findings of the study included:

• “Me Inc.,” indicating that by 2020 as much as 40% 

of the workforce will be independent contractors;

• “The vagabond HQ,” noting that many companies 

are moving their corporate headquarters closer to 

sources of specialized and available talent;

• Big Data and artificial intelligence (AI), which are 

automating administrative tasks that previously 

needed to be done manually;

• Longer term metrics, tracking more about an employee’s 

tenure than just time to hire and cost to hire;

The way back  
Opinions differ as to how easy it will be for the industry to staff up after the downturn.

http://EPmag.com
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• Keeping information safe;

• Importance of culture in retaining employees and 

enhancing business performance;

• Use of social media in recruiting; and

• Embracing diversity to plug skills gaps.

No value in the workforce?
Another  Korn Ferry study indicated that the majority of 

the CEOs queried in the study fi nd more value in tech-

nology than in their employees. The fi rm conducted 

in-depth interviews with 800 business leaders at major 

companies on their views about the future workforce. 

Among the fi ndings:

• 63% said in fi ve years technology will be the company’s 

greatest source of competitive advantage;

• 67% said technology will create greater value in the 

future than people will; and

• 44% said the prevalence of robotics, automation 

and AI will make people “largely irrelevant” in the 

future of work.

Meanwhile, another Korn Ferry study indicated that 

of the 2,000 professionals it surveyed, 73% plan to look 

for another job in 2017 because their current job isn’t 

challenging enough. Adapting to the changing work-

force and the threats posed by technology might make 

that job search challenging indeed. 

A s the downturn recedes, managing the work-

force is once again top of mind for managers and 

executives. The uncertainties are many: Will skilled 

talent be available and willing to return to the oil and 

gas sector? In a generally strong economy, what will it 

take to compete successfully for employees who may 

be soured on the industry?

A recent Airswift and Energy Jobline Global Energy 

Talent Index survey revealed that many recent gradu-

ates look askance at the oil and gas industry, favoring 

new, technologically driven green sectors.

Among major trends, a majority of employees who 

responded to the survey expect an energy recovery 

in the next year; hiring managers think a return to 

health will take 18 months or longer. The employee 

benefi t that respondents—particularly those in North 

America—rank foremost is a robust health plan. There’s 

little agreement about hiring time lines or how much 

brand matters in attracting talent.

Energy Jobline Managing Director Hannah Peet said 

the downturn sparked the oil and gas sector’s resilient 

spirit as companies streamlined operations, shed bureau-

cracy and turned away from individual solutions and 

toward idea-sharing and a search for economies of scale. 

In the aftermath, employees’ expectations have shifted.

“When the dust settles, hiring managers will need 

to be smart about how they attract new talent,” Peet 

said. “They can no longer rely on the destructive hab-

its of a salary bid war.”

The good news is that most (73%) employees 

responding to the survey said they would return to work 

for their previous employer, and 37% of hiring manag-

ers said they have rehired previously laid-off employees. 

Hiring managers are concerned about the impact 

that talent defi cits and the aging and retiring workforce 

will continue to have on the supply of skilled employ-

ees. Managers need to revise retention and recruitment 

approaches and step up training and development to 

bridge the gap, according to the survey.

For North America in particular, hiring managers said 

skill shortages are the result of an aging and retiring 

workforce, fewer professionals entering the industry, 

tighter immigration policies and lack of succession plan-

ning. However, about 18% of North American respon-

dents said they don’t think a skills shortage exists.

Managers said solutions include additional training and 

development, partnering with colleges, apprenticeships, 

targeting new industries and bringing back retirees. ■

Global Energy Talent Index: 
How will the industry staff up?

Susan Klann, Contributing Editor

http://EPmag.com
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Rhonda Duey, Executive Editor

I
n some ways, the oil and gas industry is extremely high-

tech and in other ways, not so much. Other industries 

have adapted to the digital world much more quickly in 

terms of the latest gaming and analytics technologies, 

while some operators still use paper tickets and send 

pumpers to well sites. 

Recently IDC Energy Insights did a survey querying 

oil and gas companies about their anticipated uptake 

of IT-related strategies, and E&P asked the surveyor, 

Lead Analyst Chris Niven, about his take on the results.

E&P: What were some of your chief findings?

Niven: A year ago companies were focused on produc-

tion. They weren’t spending any money in IT to find oil. 

Now their budgets are focused almost as much on drilling 

as they are for production. They’re starting to drill again.

What is most exciting of all to me is where they’re 

actually increasing their budgets, and Big Data and ana-

lytics dwarf the rest of the items.

E&P: Regarding augmented reality and wearables, you 
said, “This opportunity is being missed at this time until 
oil and gas companies realize the benefits and hopefully 
make the investment in the near future.” You said it 
looks like less than 5% of companies are really going to 
be getting into that market in the next year or so. Was 
that a surprise to you?

Niven: Big Data and analytics are really the top initiative 

right now. This was based on prior surveys where compa-

nies were primarily based on modernization, and what 

happened is when oil started to spiral downward, they 

cut just about everything they could, they renegotiated 

with vendors and they realized they needed a more solid 

IT environment. They started plugging holes. The oil 

companies are doing a fairly good job of modernizing 

their environment, but if they need a drilling program, 

they buy one. If they need allocations, they buy them. 

Nothing talks to each other.

The fact that oil companies are actually adopting 

cloud and going mainstream with it is really very excit-

ing. And companies like IBM and GE are already creat-

ing platforms that can be leveraged. 

E&P: Your study stated, “By 2019, 25% of the compa-
nies will leverage modeling, simulation and 3-D virtual 
reality.” That seems like a really low number to me.

Niven: It depends on the degree, really, because oil 

companies have been performing reservoir modeling 

for some time. We’re always taking it a little bit differ-

ently. Probably 75% of oil companies use some kind of 

reservoir modeling. 

But this whole world is exploding, and the reason is 

because of the gaming industry. They put so much money 

into the gaming industry that now it’s becoming more of 

a commodity. I see the same thing with IBM and cogni-

tive processing. It manufactures its own processors that 

are based on the way that humans process information.

E&P: Well, that was kind of the point of Watson, too, 
wasn’t it?

Niven: If you remember ‘2001: A Space Odyssey,’ HAL 

has now become Watson. In fact, IBM has now moved to 

Embracing the digital revolution 
Oil companies are increasingly moving toward digital solutions to help their businesses.
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IDC FUTURESCAPE: WORLDWIDE OIL AND  
GAS 2017 TOP 10 PREDICTIONS

FutureScape results indicate that platforms and analytics will 

have the largest near-term impact on oil and gas companies. 

(Source: IDC Energy Insights)
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natural language processing. That seems to be the next 

trend along with cognitive processing, where you just 

talk to a robot or your computer and ask it a question 

like, ‘OK, we have something broken in the field. Here 

are the symptoms. Watson, what do you recommend?’ 

It’ll come back and say, ‘You need to check this, that 

and the other.’ Operators do that, and lo and behold 

they find the problem and the best practices to solve it. 

It’s going to be very helpful for people in the field. 

In production you’ve got two different platforms. One of 

them depends on accuracy because you need allocations 

down to the well level. Companies build massive data man-

agement environments for managing production data.

On the other side of it companies are talking about 

asset management to be able to optimize production. 

I see both of them working together. They’re two dif-

ferent architectures, but asset management and IT are 

coming together. All of these devices in the oil field are 

generating data, and they’ve got more sensors than ever. 

Well, you can’t read all that data from the meters; it’s 

too much. You need an architecture that takes a sam-

pling of oilfield devices, sensors and meters to be able 

to predict failures before they occur to maintain uptime 

and optimize performance and productivity.

E&P: Another statement in your report stated, “By 2020, 
25% of new underwater submersibles will be semi-au-
tonomous, and 10% of new trailing rigs will move them-
selves to the next site.” Are you talking about walking 
rigs here, or is this a newer development than that?

Niven: From a pure robotics standpoint oil companies 

haven’t really made a lot of headway, but they’re working 

on it. That’s why it’s worth mentioning. There 

are significant investments going on right now. 

For offshore I see advancements being made with 

the underwater submersibles. Right now they’re 

tethered, so they’re limited in what they can do. 

They’re looking to improve the networking and 

communications capabilities. 

E&P: Just based on this survey in general, what 
are some of the things that you either are sur-
prised by, find the most exciting or just really 
want people to know about?

Niven: Companies have actually reported that 

they’re increasing their budgets for drilling, and 

the budgets are close to those for production. In 

other words, if 50% said, ‘We’re increasing our 

budget for production,’ 45% said, ‘We’re increas-

ing our budget for drilling as well.’ That’s huge.

What’s exciting to me is that companies are finally 

realizing the value of analytics and that they can’t just 

buy an analytics application and run it. They need to 

invest time and money to build the proper environ-

ment, and what that means is really managing the 

data. They need to understand the objectives and what 

they’re trying to accomplish.

The other exciting thing is the cloud. With security 

issues companies worried about, ‘Oh my gosh, I can’t 

let anybody see my data.’ Well, if their alternative is 

to file bankruptcy, all of a sudden it starts looking 

pretty good.

My last question was, ‘In your opinion, which of the 

following initiatives holds the highest importance?’ No. 

1 by far was quickly moving to the cloud to reduce costs 

and have more rapid deployment and implementation. 

I further asked, ‘Is your environment conducive for 

running analytics? In other words, have you already 

identified the data you need and integrated the data? 

Is it already well integrated so you can run analytics, or 

do you still have to do a lot of work on building an envi-

ronment conducive for analytics?’

The majority of people responded they’re still 

working on managing the data. The main thing is 

they view it as one of the most important initiatives 

they have.

The surprise was they wanted to move to the cloud 

even faster. I think part of the reason that they rated 

the cloud as so important is because it’s easier to imple-

ment. In fact, I had one CIO tell me he’s moving all of 

his applications into the cloud because ‘they can do a 

better job of security than we can.’ 
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Big Data and analytics are at the forefront of CIOs’ strategic plans in 2017. 

(Source: IDC Energy Insights)
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Mark Thomas, Contributing Editor

T
he oil and gas industry has always been highly compet-

itive, but it’s also been quite collaborative, with com-

petitors coming together to work on major projects and 

fund research. Then there are the more formal collab-

orations, some industry-led, others government-funded. 

E&P visited with Keith Mackie, director of strategic proj-

ects and international development for ITF, to judge the 

effi cacy of some of these initiatives.

E&P: Can you give some longer 

term perspective from your own 

industry/project experience of how 

industry or government-backed 

technology collaboration initiatives 

have worked in terms of benefi ting 

the upstream industry overall? 

Mackie: Many private company 

and government-backed innova-

tion initiatives have been started 

over the last 20 years or so, achieving varying degrees of 

impact and effectiveness. Government-backed initiatives 

were created to benefi t a specifi c country or region, and 

through their efforts many technologies have been devel-

oped and commercialized that may otherwise not have 

seen the light of day or may have taken longer to reach 

the market.

However, one limitation of a model where there are 

many organizations working in similar spaces in different 

geographical areas is that the impact experienced by the 

global industry overall may not be as powerful as desired, 

with the potential existing for ineffi cient duplication of 

effort and overlap of focus. Forming strategic partner-

ships across a number of these initiatives could be one 

solution, and companies like ITF work extensively across 

geographical boundaries, often in collaboration with 

other industry partners, specifi cally to encourage the 

global development and delivery of technology.

E&P: How have these various programs/initiatives evolved 

in terms of their effectiveness in delivering actual workable 

solutions (i.e., commercially viable)? 

Mackie: The current industry position of placing a 

greater scrutiny on costs means there is now a much 

stronger emphasis on stimulating, sourcing and deliver-

ing technology that has a quicker industry impact and 

return on investment. There is still a clear need for the 

type of longer term research and development work that 

has traditionally brought game-changing technology 

solutions to market over a longer timescale. However, 

most technology programs/initiatives currently face 

the same challenges of delivering solutions quickly, at 

low cost and, where possible, with global rather than 

basin-specifi c application.

E&P: How would you say technology collaboration ven-

tures, joint industry projects (JIPs) and R&D programs 

have fared in the industry downturn? Have they been 

damaged? Paradoxically, has the downturn perhaps 

been a driver toward fostering more collaboration and 

joint industry efforts?

Mackie: This challenging period is driving an upsurge of 

interest in developing new and enhancing or adapting 

existing technology. This has created fresh opportunities 

for technology developers as the pursuit to cut costs and 

increase effi ciency is pushing an often risk-averse indus-

try out of its traditional comfort zone. 

We need to do something radically different, and in 

this respect it’s an exciting time for technology develop-

ment. There’s a realization that demand-led innovation 

can transform our industry and safely cut costs in the 

same way as the automotive and aerospace industries 

have done in recent years. For example, ITF has had 

excellent speakers representing these industries at our 

annual Technology Showcase, and it is clear from listen-

ing to them that new technology opportunities need to 

be shared more openly by end users for us to increase 

the speed of technology deployment in the industry.

E&P: What does ITF see its partnership with the Soci-

ety of Petroleum Engineers (SPE) achieving in terms 

of facilitating the eventual introduction of new or 

improved commercial technologies? What’s the goal?

Mackie: The memorandum of understanding [MOU] 

between our two organizations aims to strengthen our 

Collaborating on a better answer 
Industry consortia and JIPs help bring technology to market.

Keith Mackie
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already close relationship by jointly sharing and support-

ing global technology development opportunities. This 

in turn will give more impetus to our Technology Pro-

gram and demonstrate clear action being taken to satisfy 

our members’ technology demands.

The MOU will allow ITF to potentially leverage SPE’s 

strong network of industry experts and, where agreed 

and appropriate, to take action to progress technol-

ogy challenges. Other specifi c opportunities to work 

together could include running combined events or 

calls for proposals, mutual sharing of information with 

our respective member communities and joint promo-

tion of each organization’s events.

E&P: Is the competitive edge that sometimes exists 

between certain JIP partners or joint venture (JV) 

participants something that technology development 

ventures always overcome? Can such concerns seriously 

hold back a program’s progress for fear of “giving too 

much away?” 

Mackie: Not all technology challenges are appropri-

ate for collaborative development. Companies may be 

working on their own technology solutions that they 

believe will give them a competitive edge. The space 

in which ITF operates is where collaboration is seen as 

the preferred and most effective way forward, where 

benefi t is derived for multiple parties and potentially 

for the entire industry through eventual commercializa-

tion. However, it is also true that over the years ITF has 

launched a number of sole-funded projects (i.e., not tra-

ditional JIPs) directly between small developers and Tier 

1 operators. Though it’s not ITF’s traditional route, if it 

ultimately leads to the development of required technol-

ogy, then it’s an option we would always consider. 

E&P: What are the biggest obstacles to the success of JIPs 

or collaborative technology R&D facilitation efforts?

Mackie: The biggest current technology development 

obstacle to overcome is reduced budgets for R&D invest-

ment. This can signifi cantly hamper the launch of new 

projects and continuing support of existing JIPs/JVs.

The success of creating new opportunities and seeing 

ongoing projects progress is contingent on many fac-

tors. For example, it is essential to secure internal cham-

pions at an early stage who are empowered to provide 

technical and commercial stewardship. We have seen 

great examples of this approach in some of our most 

successful projects, such as in subsea engineering and 

subsurface imaging areas.

Active engagement by participants through regular 

information sharing and dialogue during the course of 

the project is also essential. Paying fees to join but not 

participating actively more often than not leads to sub-

optimal outcomes being achieved. Before committing to 

join a JIP, it is essential for each participant company to 

be clear on its internal strategy on how and where to use 

and take advantage of the subsequent JIP deliverables. 

E&P: What is the selection procedure for choosing the 

most pressing technology areas for industry attention? 

What’s the deciding requirement?

Mackie: ITF targets the priority technology challenge areas 

highlighted to us by our membership, which includes 

national oil companies, international operators and service 

companies. Through regular dialogue with our members, 

an overall challenge area such as well abandonment is 

identifi ed and then developed into a thematic activity. The 

key for ITF is to initially understand the landscape around 

the challenge area and then to identify the specifi c areas 

where a collaborative technology solution could create a 

positive impact. To do this, we look for support and valida-

tion from subject matter experts within our membership 

when shaping a concise call for proposals document to 

send out to our global network of developers.

As an example, the ITF call for proposals on Hybrid 

EOR was specifi cally developed through working with the 

Gulf Cooperation Council [GCC] ITF members at that 

time [Kuwait Oil Co., Petroleum Development Oman and 

Abu Dhabi National Oil Co.]. A comprehensive hybrid 

solution (e.g., chemical co-injection, use of nonsteam 

technologies, smart surface facilities with low power con-

sumption) was deemed to be of high added value to the 

GCC region. ITF procured solutions from the global tech-

nology development community across universities, sub-

ject matter experts, and Tier 1 and 2 service companies. 

E&P: More companies are joining for technology part-

nerships throughout the upstream sector—GE with Sta-

toil, GE with Technip, FMC with its 20K partners, etc. Is 

this the way the industry is naturally going to go?

Mackie: Historically, the burden on R&D spend was always 

on operators to develop and implement technology as an 

enabler for programs they have. Over the last 15 years or 

so there has been some swing toward supply chain compa-

nies being looked upon to lead R&D projects. During the 

current downturn, it appears that collaboration on tech-

nology for large projects has enabled these projects to go 

ahead with shared knowledge, risk and costs. 
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E
nhanced completions, in concert with an artillery 
barrage of large-scale property transactions, have 

revived the formerly somnambulant natural gas play in 
the ArkLaTex.

That said, a slow-motion collision is underway as 
rising oil service costs, especially on the completion 
side, collide with flat commodity prices. Activity 
levels are not likely to give back any gains, but the 
impressive rate of change in regional activity could 
flatten as first-half 2017 draws closer. 

Drilling activity tripled off the second-quarter 2016 
bottom in the Haynesville Shale—the largest relative 
increase among domestic tight formation markets. 
Nominally, the gain was fewer than three dozen 
rigs, although the relative size of the increase illus-
trates rising interest in the 
region’s gas assets as LNG 
exports factor into the 
play’s revitalization. 

Mergers and acquisitions 
(M&A) do as well. The 
industry racked up $7.4 
billion in ArkLaTex M&A 
over the last 18 months 
led by Range Resources 
Corp.’s $4.2 billion acqui-
sition of Memorial Resource Development’s Red 
River play. Significant divestures include Chesapeake 
Energy Corp. and Anadarko Petroleum Corp., both 
of which sold large regional legacy assets to pri-
vate equity-backed independents. Chesapeake and 
Anadarko divested nearly $2 billion in aggregate.

Still, the actionable headline story remains the 
switch to enhanced completions, which allowed oil 
and gas operators to boost production in deeper 
gas projects while keeping well costs flat in the $9 
million range. Monster fracture stimulation jobs in 
the Haynesville Shale and other regional Jurassic-
aged targets have been the major contributors to 
increased regional activity. Several jobs consumed 
between 30 million and 50 million pounds of sand 
on 3,048-m (10,000-ft) laterals in recent months. 

Monster fractures are also the major reason the 
size of the well stimulation spread onsite in the 
Haynesville rose from 43,000 hydraulic horsepow-
er (hhp) six months ago to 49,000 hhp during 
first-quarter 2017 (although spread size increased 
only marginally in non-Haynesville operations). 

Well stimulation providers are booked 60 days 
into the future in the ArkLaTex, consistent with 
wait times in regional markets across the U.S. While 
monster fracture stimulation jobs generated trade 
press headlines, the average horizontal lateral length 
in all non-Haynesville Shale wells (Cotton Valley, 
Red River) remains at roughly 2,316 m (7,600 ft), 
identical to the current national average. 

As elsewhere, efforts to decrease the distance 
between stages in Haynesville horizontals has 
increased the total number of stages significantly. 
The average distance between stages in the ArkLaTex 

fell to 61 m (200 ft) in 
first-quarter 2017 vs. 71 m 
(234 ft) six months ago. 

But the cost-benefit 
ratio is still evolving in the 
ArkLaTex. Monster frac-
tures—more equipment, 
more proppant, longer 
laterals and closer spac-
ing—resulted in a sharp 

increase in per-stage pric-
ing to $93,000, up nearly 50% off the bottom.  

Meanwhile, the Haynesville remains the most 
promising domestic market for refractures. Remedial 
work, including refracturing, represents about 8% 
of activity in the Haynesville vs. well under 4% in all 
other domestic markets. Refractures run from $1.5 
million to $2 million per job and pay out quickly. 

Elsewhere, the volume of drilled but uncompleted 
wells fell 8% in the ArkLaTex during first-quarter 
2017 as oil and gas operators expressed urgency in 
converting well inventory into revenue before com-
pletion costs rise further. 

Not to rain on the regional parade, but “go, go, 
go” in the high-flying ArkLaTex might yet evolve 
into “let’s wait and see” depending upon direction 
in commodity price. 

Heyday in the Haynesville  
Monster fractures and M&A are boosting regional activity in the ArkLaTex.

n LNG exports have boosted interest 
in ArkLaTex natural gas.

n Monster fractures are generating 
favorable arbitrage for Haynesville 
shale operators. 

n Service costs are increasing in a 
flat commodity-price environment.

http://EPmag.com


http://www.draeger.com/passion


http://www.cgg.com/bring-it-on


exploration
TECHNOLOGIES

EPmag.com   |  May 2017 23

P
icture, if you will, the U.S. in 1859. While I’m sure 

residents at the time would have thought they were 

living the dream, it was a very different world than 

today. That difference can be boiled down to a single 

incident—the Drake well in Pennsylvania, completed 

in August of that year.

While it wasn’t specifi cally the fi rst well drilled that 

discovered oil, it is widely credited with being the well 

that, at least in the U.S., got investors interested in 

drilling for oil rather than treating it as a byproduct of 

a water or brine well. That’s the world that Ray Soren-

son recreated at the recent annual meeting of the 

American Association of Petroleum Geologists.

It’s interesting to realize that geology was already a 

well-respected science back then, and 

geological maps existed for much of 

the continental U.S. “You were starting 

to get regional geologic maps or even 

maps that show almost all of the North 

American continent,” he said, though 

admitting that his specimen from 

1855 might have lacked some of the 

detail that current geologists take for 

granted. But the big mineral resource 

at the time was coal, not oil. 

“Whale oil had collapsed with over-

harvesting, and coal oil refi neries were 

showing up all over the map,” he said.  

But according to Sorenson’s 

research, the Drake well didn’t neces-

sary awaken a slumbering continent 

to the potential of oil. Even if that 

well had not been drilled, he said, it 

was becoming apparent to geologists 

at the time that oil might make a 

better feedstock than coal for these 

burgeoning refi neries. 

But where to look? With the rudimentary information 

available at the time, it would be likely that geologists 

of the day would look at individual states on a frontier 

basis. And they would have relied—horrors—on maps 

in libraries because more modern forms of databases 

didn’t exist. They would have sought out geological 

surveys as well as reports of exploration expeditions that 

might have involved geologists who might notice an oil 

seep in the middle of the wilderness.

Perhaps only a geologist would consider this a noble 

and worthwhile pursuit. “You’d think it would be a 

fairly simple and straightforward research to con-

duct,” Sorenson noted. “But I’ve been 

involved in it for the last year putting 

together a database for the Petroleum 

History Institute, trying to actually cap-

ture the literature that was published 

that mentioned oil and gas in the pre-

Drake era.” So far, he added, the team 

has identifi ed more than 2,000 scien-

tifi c publications that mention oil and 

gas from that era.

“You fi nd that petroleum or natural 

gas has actually been encountered in 

wells, usually drilled for fresh or salt-

water and found by accident, but there 

are scientifi c reports of oil and gas in 

28 different locations in 10 different 

states and one [Canadian] province, 

and in many cases there are actually 

multiple wells involved in some of 

those areas,” he said. 

There were earlier successes. One 

well drilled in Kentucky fl owed at 25 

gal/min, which equates to more than 2,500 bbl/d. “I 

think that’d be a heck of a well even today,” he said.

Weirdly, Pennsylvania didn’t factor into the pre-Drake 

pursuit of oil and gas. Other parts of North America 

held more interest. But that state 

would repeatedly prove itself to be 

home to some of North America’s 

most lasting resources. 

Read more commentary at 

EPmag.com

RHONDA DUEY
Executive Editor 

rduey@hartenergy.com

Pre-Drake—who knew?
Prior to Òthe big one,Ó North America was a bit of an energy enigma.

Col. Drake (right) is shown at the 

sight of the well that jumpstarted 

the oil boom in the U.S. in 1859. 

(Source: U.S. Library of Congress)
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A
t the 2017 IADC/SPE Drilling Conference and 
Exhibition in The Hague, Baker Hughes released 

the TerrAdapt drillbit, a new self-adjusting polycrystal-
line diamond compact bit design. 

On conventional bits a fi xed depth-of-cut (DOC) 
control setting is optimized for a single rock type. 
When the bit moves from one formation to another, 
stick/slip is likely to occur.

Of course, drillers and operators know what hap-
pens to the ROP when stick/slip happens. Drilling 
costs are increased when ROP decreases. The bit and 
other mechanical and electrical bottomhole assembly 
hardware can be damaged.

Baker Hughes explained at a press event held in 
March that DOC control for the TerraAdapt drillbit is 
achieved through a passive hydromechanical feedback 
mechanism encapsulated in self-contained cartridges 
installed inside the bit blades. The DOC control ele-
ments mounted on the cartridges respond to the exter-
nal loads through rate-sensitive retraction and rapid 
extension strokes that were strategically designed.

Baker Hughes had an internal innovation contest 
called the Wildcat Challenge. The idea for the self-

adjusting bit won. The team was given 12 months to 
move it from a concept to a proven solution. In 2015 
formal development efforts began. As Scott Schmidt, 
vice president of drillbits for Baker Hughes, said, “It 
has been exciting to take such a novel idea from con-
cept to commercial offering in less than three years.”

The TerrAdapt bit automatically changes its aggres-
siveness based on the formation through which it is 
drilling to mitigate vibration, stick/slip and impact 
loading. The initial release of the bit focuses on 8½-in. 
to 12¼-in. versions.

In a Delaware Basin well one operator’s ROP 
through interbedded formations was increased by 27% 
compared to the average ROP in offset wells. The bit 

reduced torque variations by 90%.
The industry continues to improve 

its effectiveness and effi ciency 
through innovation. This is one 
example of efforts by service com-
panies to provide operators with 
new solutions even in a downturn. 
Lowering costs through new ideas to 
maximize operations is what will keep 
oil fl owing even at $50/bbl.

The message is that the industry is 
not done innovating. Drillbits have 
been around for a long time, but 
there are still lots of opportunities 
for coloring outside 
the lines, as there 
are in every area of 
the oil industry. 

Drillbit that self-adjusts depth of cut 
hits commercial markets 
In the Delaware Basin the bit increased an operator’s ROP by 27% compared to the 

average ROP in offset wells.

Read more commentary at 

EPmag.com

SCOTT WEEDEN
Contributing Editor

slweeden@hartenergy.com

The TerrAdapt drillbit was the result of an internal innovation contest called the 

Wildcat Challenge. (Source: Baker Hughes)
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B
uzz, buzz, buzz. Collaboration. Buzz, buzz, buzz. 
Standardization. Buzz, buzz, buzz. Digitization. 

Buzz, buzz, buzz. The deepwater industry is emerging 
from the downturn. Buzz, buzz, wait, what?

The two-beat rhythm of collaboration and standard-
ization rattled out by the upstream sector of the oil 
and gas industry for several years has recently gained 
a bit of an electronic vibrato with the joining of digiti-
zation to the composition. Are the “-tions” too legit to 
quit or just merely buzz? 

As musician Howard Shore put it, “Composing is sort of 
an intuitive act; you have to put yourself in the right frame 
of mind.” The market downturn certainly caught the 
industry’s attention long enough to jar it into a more mal-
leable mindset. Response was far quicker onshore than it 
was for the less nimble offshore, where fi eld development 
projects are measured in years rather than weeks. 

The relationship between onshore and offshore is 
dynamic; it is a relationship where one grudgingly 
gives way to the other when opportunities to excel 
arise. The market darling of late has been the uncon-
ventional tight oil plays, but change is in the air.  

According to experts at Wood Mackenzie, the deepwa-
ter industry is emerging from the downturn leaner and 
more cost-competitive. The most attractive projects are 
now competing with U.S. tight oil plays, with the U.S. 
Gulf of Mexico leading the way, a news release stated.

“Wood Mackenzie estimates that on average global 
deepwater project costs have fallen just over 20% since 
2014,” the release stated. “Assuming a 15% internal rate 
of return hurdle (NPV15), 5 Bbbl of presanction deep-
water reserves now break even at $50/boe or lower. By 
comparison, there are 15 Bbbl of tight oil resource in 
undrilled wells with breakevens of $50/boe or lower at a 
15% hurdle rate in Wood Mackenzie’s dataset.”

The playing fi eld between tight oil and deep water is 
set to level out as there is still considerable scope to drive 
deepwater breakevens lower through leaner development 
principles and improved well designs, the release stated. 

“We are at last beginning to see the fi rst signs of 
recovery in deep water, driven primarily by cost reduc-
tion and portfolio high-grading,” said Angus Rodger, 
upstream research director for Asia-Pacifi c at Wood 
Mackenzie in the release. “Projects in the U.S. Gulf of 
Mexico in particular have made signifi cant strides, with 

many reducing NPV15 breakevens from 
above $70/boe to below $50/boe.”

Rodger cites the steps the industry has 
taken to reevaluate project designs and 
improve well performance as having the 
greatest impact to bring breakevens down. 

Collaboration, standardization and digi-
tization certainly played a role in the 
project reevaluations, improved well per-
formance and numerous steps made 
to weather the downturn. The “-tions” trio 
will continue to bang their drums as long 
as effectively possible. With just a little 
more time, maybe 
the band will grow 
by one to include a 
fourth: Solution. 

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Senior Editor, 

Production Technologies

 jpresley@hartenergy.com

Play it again, deep water   
Analysts fi nd that deepwater projects are closing the gap on tight oil plays.

According to Wood Mackenzie, an additional 20% cut in current deepwater 

costs would bring 15 Bbbl of pre-FID reserves into contention on par with tight oil. 

(Source: Wood Mackenzie)
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The FPSO vessel Kwame Nkrumah operates at 

the Jubilee Field offshore Ghana. 

(Source: Anadarko Petroleum Corp.)

http://EPmag.com


29EPmag.com   |   February 2017 29EPmag.com   |   May 2017

COVER STORY: 

OFFSHORE

ahead!
Full steam

No dead seas around these parts. The offshore 

industry is emerging from the downturn leaner and 

ready to capitalize on its newfound effi ciencies.

Rhonda Duey, Executive Editor

“A
ll shale, all the time” might characterize 
the industry’s endless fascination with 

unconventional plays. Meanwhile the offshore 
arena has been plagued by massive cost overruns 
and ambitious projects that don’t make sense at 
sub-$50/bbl oil.

But don’t count the offshore out just yet. 
Operators are waging war against costs and 
are being successful in driving them down, 
and not just by demanding lower day rates. 
The same effi ciencies that streamlined the 
shale plays are being applied offshore, with 
some notable successes.

One major project outlined in the next few 
pages is Shell’s Stones Field in the U.S. Gulf 
of Mexico (GoM). As the world’s deepest pro-
duction facility, Stones has been home to some 

major technological breakthroughs. But it also 
symbolizes a “grow as you know” philosophy, 
in which huge capex decisions won’t be made 
until the fi eld’s potential is proven.

In fact, Stones is one of the few fi elds in the 
GoM to use an FPSO unit, and a recent Stratas 
Advisors study indicates that this type of produc-
tion option will continue to grow in popularity 
as the industry moves into 2020 and beyond. 
And it’s not just deep water that is getting 
attention—several operators are quite content 
to exploit shallow-water reserves and are having 
great success doing so.

As the Offshore Technology Conference 
gets into full swing early this month, it’s fi t-
ting that offshore oil and gas E&P gets its due 
as a continued force in the industry. 
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W
hen it comes to the offshore industry, people need 
to hear a good story once in a while. The segment 

has been hammered in recent years, particularly since 
the 2014 downturn. But there are still positives coming 
out of this difficult sector.

One such case is Shell’s Stones Field, the deepest 
production facility in the world. “I’m on a number of 
industry committees, and one of the things that people 
keep saying is, ‘We really need to hear the Stones story 
because it’s such a positive story,’” said Curtis Lohr, 
project manager for Stones. “The industry needs to 
hear that story and wants to hear that story.”

Lohr added that the Paleogene play in the Gulf of 
Mexico (GoM) got a lot of people excited when oil 
was at $100/bbl. With oil prices more depressed, these 
ultradeepwater plays are riskier. 

But Stones has stood out as an economically resil-
ient project despite low prices and a challenging oper-
ating environment.

Deepwater journey
It was the Auger Field in the GoM that really kicked off 
the industry’s drive into deep water. Auger, located in 

830 m (2,720 ft) of water, introduced the world to ten-
sion-leg platforms (TLPs) back in 1994. 

“Stones did not come out of the blue,” Lohr said. 
“If my team hadn’t had the experience that we had on 
Auger,  Bonga,  Perdido and BC-10—we really stood on 
the shoulders of those other projects, and I would like 
to think that Stones moves the deepwater industry for-
ward another step.”

Since Auger the company has forged a name for itself 
as a deepwater pioneer. But again Stones presents a 
slightly different profile. 

Unlike its other deepwater projects in the GoM, Shell 
did not approach Stones with the intention of con-
structing a multimillion-dollar immobile production 
facility using a TLP or similar design. 

This is because Lohr defined it as more of a “grow as 
you know” mentality.

“There’s the potential for a lot of oil there,” he said. 
“But we don’t know whether it’s there, and we don’t 
know if we can produce it. We wanted to minimize our 
financial risk at the beginning until we learned more 
about the reservoir and the overall field development.”

Hence the Turritella FPSO unit. While FPSO units are 
still a new concept in the GoM, Lohr said it made sense 
up front. “An FPSO [unit] is leased, so you don’t pay all 
of that capex at the beginning,” he said. 

“As you learn more about the reservoir, you can pay 
on that lease over time. Let’s say that the reservoir turns 
out not to be as good as expected. You can cancel the 
lease and off the FPSO [unit] goes to another loca-
tion. Let’s say the reservoir turns out to be gangbusters 
(exceeding expectations). Then you can extend the 
lease or cancel it and bring in a larger host.” It also 
eliminates the capital cost of an oil pipeline, he said.

Getting to know Stones
The field has thrown some other complexities at Shell as 
well. In addition to the extreme water depth, the wells them-
selves are quite deep, exceeding 5,181 m (17,000 ft) below 
the mud line. And the seafloor is anything but benign.

Lohr mentioned that the 2,896-m (9,500-ft) water 
depth is where the drill center is located. But there’s an 

Stones: a true ultradeepwater  
success story

Despite numerous challenges, the world’s deepest production  

facility is poised for even more success.

Shell is using an FPSO unit on the Stones Field as part of a 

‘grow as you know’ strategy. (Source: Shell)
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escarpment to the north that’s in 2,286 m (7,500 ft) of 

water. “You basically have this plateau, and you’ve got 

this drop,” he said. “Guess where the reservoir is. It’s 

right in the slope of that escarpment.”

Joe Hoffman, SURF lead for the Stones project, said 

the company did quantitative analysis studies with a 

number of companies to ascertain whether or not mass 

gravity flows from the escarpment 

would cause problems for the sub-

sea kit. It eventually determined the 

probability of any significant event 

was very low. 

Because of the distance from the 

subsea facilities to the actual reservoir 

location, drilling was also a challenge. 

Leah Hurd, wells lead for the Stones 

project, said the second development 

well drilled in the field encountered 

an unexpected tar zone, which made 

it quite challenging to reach the drill-

ing targets.

The company installed a second 

drill center because the well trajecto-

ries from the first drill center became 

too complex. “Introducing a second 

drill center to the field alleviated 

some of those directional challenges 

and actually resulted in much shorter 

well durations,” she said. “Avoiding 

the tar is what changed the wells from 

a relatively easy-to-drill field map to 

something that becomes much more 

complex and requires a lot more stra-

tegic thinking.” 

Subsea challenge
“With extreme water depth, you have 

high hydrostatic pressure,” Hoffman 

said. “The hydrostatic pressure at 

Stones is about 4,500 psi. So that 

means all of the subsea kit that’s sitting 

on the seafloor has to be designed for 

it, requiring increased wall thickness, 

which in turn increases the overall 

weight of the subsea structures.”  

It also adds to the top tension load, 

which on this field can be as high as 

340 metric tons for the production 

risers and 170 metric tons for the 

umbilicals, he added.

Furrows on the seafloor added to 

the complexity, he said, and required a detailed on-bot-

tom survey. This helped the team place the subsea kit 

atop the furrows. “That was actually quite unique,” 

Hoffman said. “Typically the seafloor is benign and 

physically flat.”

Shell also put vortex-induced vibration suppression sys-

tems along the entire length of the pipeline and flowlines 
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The Turritella FPSO unit for Stones 

will use a special type of 

flexible pipe known as steel 

lazy-wave risers. This project 

is the first application of steel   

lazy-wave risers with the ability

to disconnect from the host

production facility.

Disconnectable buoy

If a heavy storm or hurricane 

approaches, it can disengage 

from the buoy and sail to safe 

areas. Once the storm has 

passed, it can sail back to 

reconnect with the buoy and 

resume operations.

The Turritella FPSO unit on the Stones Field features the world’s deepest oil and gas  

production system with subsea infrastructure located 2,896 m below the water’s surface.

(Source: Shell)
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in the area of the furrows to prevent fatigue of the lines. 

To lay the umbilical end termination assemblies and the 

gas export pipeline inline structure, Shell had to hit the 

top of the furrows in these vast water depths. “That was a 

bit of a science project in itself,” Hoffman said. “But we 

were able to do it successfully.” 

There were also issues with the export pipe, he said, 

when an overstrain occurred at the subsea mainte-

nance valve. “We had to put together a team of indi-

viduals, and they worked on it for about 30 days,” he 

said. “We built full-scale specimens and overstrained 

the pipe to understand the mechanical properties. 

After 30 days of intense engineering we determined 

the pipe was fit for service.

“But it really could have impacted the project. There 

were challenges along the way, and it’s the way you 

react to those challenges. The team we had on Stones 

was fantastic.”

Firsts

There are several firsts for Stones. In 2,896 m of water, 

the field came onstream in September 2016 and is 

expected to produce 50,000 boe/d at peak production.

At these water depths the company has encoun-

tered numerous challenges. One of the critical 

elements was the use of a lazy-wave riser. Hoffman 

explained the concept: When hurricanes arise in the 

GoM, an FPSO unit needs to be able to disconnect 

from the field and get out of harm’s way. But the 

riser system remains behind. A buoy is used to keep 

the riser system in place.  

“This is the first time in the world that there are 

steel lazy-wave risers coupled with a disconnectable 

FPSO [unit],” Hoffman said. “It decouples the dynam-

ic motions of the FPSO [unit] to the touchdown point 

of the riser so that we don’t over-fatigue the riser at 

that touchdown point.”

Lohr added that the concept was a joint one between 

Shell and SBM Offshore. “It’s easy to say 9,500 feet, 

but it’s pretty difficult to do,” he said, adding that Shell 

brought its experience using the lazy-wave risers from 

its BC-10 project offshore Brazil. SBM, meanwhile, 

brought its experience using the disconnectable buoy 

technology for the FPSO unit. 

“The FPSO buoy is typically hollow steel, and a hol-

low steel structure will float, but in this water depth, 

because of the tension from the risers and the moorings 

that pull on the buoy, SBM was not able to get the steel 

buoy design to converge,” he said. “You either had to 

get it so large that the steel wouldn’t float anymore, or 

it would just implode at depth.”

Using its experience with syntactic foam from the 

Auger Field, Shell suggested using that material 

instead of hollow steel for the buoy. “The engineers 

were hesitant at first,” Lohr said. “But they started 

doing some design work, and that’s how the buoy 

turned out. It’s a syntactic foam buoy with syntactic 

foam blocks inside of a steel frame. There’s nothing 

new about steel, and there’s nothing new about syntac-

tic foam. But this is the first syntactic foam buoy for a 

disconnectable FPSO [unit].”

Teamwork

Despite the field’s technical accomplishments, it is the 

team approach that the Stones folks most seem to extol. 

“Our vision on Stones is working together to safely 

deliver our promises,” Lohr said. “That was the vision 

that I hammered into the team over and over again—I 

want you to work together, I want you to be focused on 

safety and I want you to deliver.”

Hurd added that the Stones team has not been 

operating in a vacuum. “We’ve been taking a global 

approach to looking at how things are done in different 

places and seeing if that can be modified slightly to 

work where we are,” she said.

“It gets back to the ‘grow as you know’ concept. The 

more you learn about the field, the better you should 

get at drilling and completing it, and the cheaper the 

wells should be.”

What’s next?

Currently Stones is in Phase 1B, with the second drill 

center intact and reservoir study continuing. Once Shell 

has a better sense of what it’s dealing with, Phase 2 will 

look at things like EOR.

“We really could not have a larger FPSO [unit] with 

that kind of technology on it at this point because, 

again, we’re trying to go with the minimum investment 

until we know more about the reservoir,” Lohr said. 

“Future phases may put some additional equipment 

on the FPSO [unit] or additional equipment subsea. 

We may do some different things with the well designs. 

That’s the exciting part of Stones moving forward.”

While it’s early days yet, the success of this project has 

emboldened Shell and given it a great deal of enthusi-

asm for the future of deepwater oil and gas production 

in the GoM. 

“It’s quite motivating to see the progression of cost 

improvements and the learning associated with getting 

the oil out of the ground,” Hurd said. “It was a fantastic, 

unbelievable challenge, and I feel like we innovate to 

make it better every step of the way.” 
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T
he Gulf of Mexico (GoM) and the North Sea are two 
of the key global offshore regions. Together these 

two regions account for about 20% of the global off-
shore production and represent 25% of global offshore 
investments. This article will take a closer look at how 
these regions will develop going forward. 

Production
Looking at historical offshore production, the trends 
have been similar for the two regions. Both the North 
Sea and GoM experienced a considerable decrease in 
production from 2000 to 2013. During this period the 
North Sea production declined from 10 MMboe/d to 6 
MMboe/d, while the GoM production declined from 4 
MMboe/d to 2 MMboe/d. 

From 2014 the declining trend was broken for both 
regions, and production started to increase again. This 
was a result of the sanctioning of new projects and the 
redevelopment of mature producing fields. In the North 
Sea new fields such as Knarr, Gudrun, E. Grieg, Laggan 
and Jasmine started up, while mature assets such as 
Valhall, Ekofisk and Eldfisk were redeveloped. In the 
GoM it was the deepwater projects that halted the pro-

duction decline, with Lucius, Jack/St. Malo and Delta 
House being the primary sources of new production.

In the medium term production is expected to decline 
due to the lack of sanctioning activity over the last few 
years. The North Sea production could drop as much 
as 1 MMbbl/d over the next five years, while GoM pro-
duction could drop about 300 Mboe/d during the same 
period (Figure 1). 

Competitiveness
As both the North Sea and GoM are competing with 
other sources of production for investments, it is import-
ant to consider competitiveness. Figure 1 illustrates this 
by showing the average breakeven price and payback 
time for different sources of new production compared 
to new projects in Norway, the GoM and U.K.

Figure 2 shows how the average breakeven prices for 
nonsanctioned projects in both Norway and the GoM is 
less than $50/bbl and lower than all the competing seg-
ments for projects to be sanctioned in the coming years. 
In fact, the Norwegian projects have a breakeven price 
that is $10/bbl lower than shale.

The fact that the North Sea and GoM are compet-
itive with other sources of production is a key reason 
why Rystad Energy expects activity to improve for these 
regions going forward. Increased sanctioning activity will 

result in an increase in investments in 2019. This 
also will contribute to the stagnation of the pro-
duction decline and eventually lead to an increase.

Sanctioning activity
Since 2013 the sanctioning activity in both 
regions has been trending downward. From 
2010 to 2013 1.5 Bboe of new resources were 
sanctioned yearly in the North Sea compared to 
200 MMboe in 2016. In the GoM the average was 
700 MMboe annually during 2010 to 2013 com-
pared to 330 MMboe in 2016. The reduced activ-
ity has affected spending and the medium-term 
production outlook. 

Many projects were delayed due to the low 
oil price, but as E&P companies improve the 
concept and reduce the costs associated with 

New projects will  
contribute to growth

The North Sea and GoM will continue to be important provinces in the global energy mix.

FIGURE 1. This graph estimates total offshore North Sea and GoM  

production by life cycle. (Source: Rystad Energy UCube)
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these projects, Rystad Energy expects the sanctioning 
activity in both regions to increase again from 2018. 
Furthermore, as the oil price gradually improves, 
many projects are in the pipeline to be sanctioned. In 
the North Sea, about 2 Bboe of new volumes could be 
approved over the next three years, while that num-
ber is 850 MMboe for the GoM. 

Figure 3 shows the largest projects that are expected 
to be sanctioned over the next few years. The single 
largest project is Johan Castberg in the Barents Sea. The 
Statoil-operated discovery will be developed as an FPSO 
unit and could get the final approval in 2018. Statoil 
and its partners have worked on reducing the costs for 
this project and have changed the development con-
cept. In total, the breakeven oil price has dropped from 
$80/bbl to about $35/bbl. The second largest project 
is Phase 2 of Johan Sverdrup. Phase 2 consists of a new 

processing platform and subsea infrastructure, which 
will increase the plateau production from about 400 
Mbbl/d to about 600 Mbbl/d. 

Kaskida is the largest discovery in the pipeline for 
upcoming sanctioning in the GoM. This HP/HT field 
was discovered in 2009. Another discovery in the Lower 
Tertiary is Anadarko’s Shenandoah discovery. Anadarko 
is continuing to appraise this discovery and is planning 
for a semisubmersible development solution. 

Two other interesting discoveries are Wisting and 
Alta/Gohta. Together with Johan Castberg, these proj-
ects will transform the Barents Sea to an oil-produc-
ing province and a key Arctic region. To increase the 
resource estimates for these projects and improve the 
commerciality, several new prospects are being drilled in 
this area within the next two years.

Spending and oilfield service market
The low oil price environment has affected oilfield 
service companies dramatically over the last two years. 
In terms of revenue, companies exposed to the service 
market in the North Sea and GoM have experienced a 
decline of 42% from the peak in 2014. After five years of 
consecutive growth of 13% on average, the market came 
to a hard stop in 2015 when E&P companies put on the 
brakes to halt investments. The revenue was reduced 
by more than 50% for some companies such as NOV, 
Transocean and Subsea 7 (Figure 4). 

The high oil price from 2010 to 2014 stimulated 
many new field developments in the GoM and North 
Sea. Large developments such as Jack/St. Malo, Mars 
B and Big Foot in the GoM and Goliat, Martin Linge 
and QUAD204 in the North Sea caused a record high 
inflow of contracts to service companies, which led to 
one of the largest booms in the service industry. The 

low volumes of sanctioned projects 
in 2014 coupled with many projects 
being completed in 2015 resulted in 
reduced backlogs for service com-
panies. However, service companies 
in many other regions experienced 
larger drops such as onshore North 
America, where revenues fell by more 
than 60%.

Although oil prices have recovered 
substantially during 2016, 2017 still 
looks to be weaker than 2016 in terms 
of oilfield service purchases. As effec-
tive unit prices in the industry are 
still falling, the market is expected 
to contract by 15% and 7% in North 
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FIGURE 3. This list shows the top 10 largest discoveries expected to be sanctioned in the 

North Sea and GoM over the next few years. (Source: Rystad Energy UCube)

Asset Country Operator
Facility 

Category

Total 
Resources 
(MMbbl)

Johan Castberg Norway Statoil FPSO 620

Johan Sverdrup-Phase 2 Norway Statoil Steel platform 611

Kaskida U.S. BP Semisubmersible 545

Troll West (Gas) Norway Statoil Subsea tieback 516

Shenandoah U.S. Anadarko Semisubmersible 458

Tiber U.S. Chevron Semisubmersible 386

Anchor U.S. Chevron Subsea tieback 358

Wisting Central & Hanssen Norway OMV FPSO 355

Alta/Gohta Norway Lundin FPSO 314

Rosebank/Lochnagar U.K. Chevron FPSO 293
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FIGURE 2. Average breakeven prices and payback time for nonsanctioned 

projects short-term by supply segment show the North Sea and GoM at 

between $40/bbl and $50/bbl. (Source: Rystad Energy UCube)
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America and Western Europe, respectively. The good 
news is that E&P companies are willing to sanction 
new projects again after two years of drought. Project 
commitments such as Mad Dog Phase 2, Kaikias and 
Johan Castberg show that it is possible for companies 
to improve the project economics for offshore fields 
in these regions and make them competitive. It will 
take some time before these new projects offset the 
decline of spending in existing fields, but with oil pric-
es hovering between $50/bbl and $65/bbl for this year 
and next year, there is likely to be much more activ-
ity in terms of project sanctioning. Phase 2 of Johan 
Sverdrup in Norway, the revival of Rosebank in the 
U.K. and smaller subsea tiebacks in the GoM will stimu-
late spending growth from 2019. 

In terms of the market growth for various 
segments, the engineering, procurement, 
construction and installation (EPCI) mar-
ket and maintenance, modification and 
operation market looks the most promis-
ing, with an average compounded growth 
of 13% and 7%, respectively, from 2016 to 
2022. For the other segments the annual 
growth is expected to lie in the range of 
4% to 6%. The rapid EPCI growth is due to 
the portfolio of projects being heavily tilted 
toward larger standalone developments 
with a large EPC scope rather than many 
small subsea tiebacks (Figure 5). 

For early recovering segments, suppliers 
should look after the maintenance and 
operations market, which is expected to 
grow from 2018 onward. The new fields, 
such as Kraken, QUAD204, Gina Krog and 
Jack Phase 2 commencing production in 
2017, will generate many new frame agree-
ments. A lot of delayed maintenance at 
aging fields will be up for grabs by service 
companies from 2018 onward, when this 
work is overdue. 

Another service segment that will witness 
growth in 2018 is the subsea market, where 
brownfield activity will drive intervention 
and replacement of equipment for subsea 
installations. For other segments growth is 
expected from 2019 onward, when the devel-
opment of new resources is at full speed. 

After such a deep cut in this market it will 
take some time before the industry experi-
ences a full recovery. Even with oil prices of 
$90/bbl to $100/bbl for the next decade, 

the market will not be back to 2014 levels before 2024. 
If oil prices are kept at $50/bbl long term, this service 
market will remain highly challenged and is expected to 
stay at 2017 levels. There is not a lack of potential proj-
ects to be sanctioned, but even though some best-in-
class projects have shown stellar improvement in the 
cost base, this cannot be enforced for the complete 
portfolio of discovered but nonsanctioned projects due 
to complexity. With smaller reserves, HP/HT, heavy oil 
and other complex factors, breakeven prices are typical-
ly above $60/bbl for many developments. Hence, for 
the North Sea and GoM oilfield service markets to truly 
see a comeback, oil prices will need to improve above 
these levels. If not, service companies will need to look 
elsewhere for growth. 
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dropped significantly since the downturn. (Source: Rystad Energy SCube)
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R
ising oil prices are boosting hopes that more FPSO 

units will join the workforce following years of lackluster 

activity caused mostly by spending cutbacks driven by the 

downturn. But don’t expect change to happen overnight.

Stratas Advisors forecast that additions of new oper-

ative FPSO units will wane, with eight vessels added in 

2018 and only four in 2019. However, more FPSO ves-

sels will go to work between 2020 and 2023, with each 

year seeing about 10 more FPSO units put to sea.

Currently, “there are not really a lot of FPSO projects 

coming onstream, but after 2019 there might be more,” 

Stratas Advisors’ Upstream Director Shuqiang Feng 

said, noting that improving market conditions might 

prompt oil companies to reevaluate stalled projects and 

proceed with new ones. “The most recent recovery is 

going to impact those projects coming onstream after 

2019 or in 2020.”

However, the typically long development cycle for 

offshore projects and infrastructure required means 

the turnaround won’t occur quickly. A couple of small-

er fast-track projects could buck the trend and come 

online within a year or two; however, that won’t be the 

norm. “The bigger deepwater developments, especially 

those requiring newbuild FPSO units, take time—about 

three or four years,” Feng said.

As for the market leader, Latin America still remains 

on top led by Petrobras despite recent economic woes, 

a corruption scandal and local content issues impacting 

the pace of some developments.

“Geographically, Latin America is booming in terms 

of FPSO usage in the next 10 years, driven by the ongo-

ing investment in Brazil presalt developments,” Stratas 

said in an FPSO market outlook. “The region is expect-

ed to more than double its FPSO vessel count by 2025 

from the current 42 to 88. Most of the new additions 

(40 of 46) are designated to Brazil.”

Petrobras plans to start up four new production units 

this year and five in 2018, according to its investment 

plan for 2017 to 2021. Among the anticipated startups 

this year are the P-66 at Lula Sul, the FPSO Cidade de 
Campos dos Goytacazes at Tartaruga Verde e Mestiça 

and FPSO P-67 at Lula Norte. 

Petrobras said the Libra 

Consortium—which includes 

Petrobras, Royal Dutch Shell  

Plc, Total, CNPC and CNOOC—

expects to hire an FPSO unit for the 

Libra Pilot project during 2017 with 

startup scheduled for second-half 

2020. In October 2016 the consor-

tium started a new bid process for 

the FPSO unit after prices came in 

“abnormally” higher than expected 

given market conditions.

Progress also is being made on ves-

sels for projects expected to start in 

2018. The hull for FPSO P-69, which 

will have 18 processing modules and 

will be installed in the Lula Extremo 

Sul area of the Lula Field, arrived at 

the Brasfels shipyard in March.

FPSO outlook: Long time lag  
creates ‘seeming prosperity’

More FPSO units will be used between 2020 and 2023, with each  

year seeing about 10 more units working, forecast said.
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Stratas expects the Latin American region to sur-

pass the Asia-Pacific region’s number of operating 

FPSO units. However, Petrobras is not expected to 

add more to its plate as it divests assets to generate 

much-needed cash.

“I don’t think they will do more than they have 

planned,” Feng said. “Historically, they have a bigger 

appetite than they can chew. ... But to expand, I don’t 

think they are likely to do that. If they can meet their 

current plans, it will be huge for them.”

But with 48 FPSO units deployed, the Asia-Pacific 

region outnumbers any other region, the consulting 

firm said. MODEC, a Houston-based builder of FPSO 

units, installed or operates about seven units in south-

east Asia and another three in the Oceania region, its 

website stated—nearly as many as Stratas predicts to 

join the global fleet in 2018.

Growth also is expected offshore West Africa, a region 

where 37 FPSO units are operating, Stratas said. The 

FPSO Prof. John Evans Atta Mills is among the most 

recent vessels to start production, flowing oil from the 

Tullow Oil-operated Tweneboa, Enyenra and Ntomme 

fields offshore Ghana. Another 12 FPSO units are in 

the conceptual planning stage, and five more are being 

built offshore West Africa.

Another region likely to see more FPSO units is off-

shore Europe. Stratas Advisors’ forecast indicates seven 

more units are in store for northwest Europe, where 23 

are operating.

Activity offshore Guyana, with ExxonMobil’s suc-

cess on the Stabroek Block, and offshore the Falkland 

Islands, where Premier Oil and partners are moving 

forward with Phase One of the Sea Lion development, 

are among the frontier areas that will bring FPSO units 

online in the coming years, Feng said.

“The industry had about 140 FPSO units actively 

employed globally in 2015. Operators added seven 

FPSO units to the global fleet in 2016,” Stratas said. 

Just more than 10 are expected to start first produc-

tion this year. 
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Charles Kendrick, Halliburton

S
hallow Gulf of Mexico (GoM) hydrocarbon extraction 
has been around since 1937, when Superior Oil of 

California and Pure Oil constructed a wooden Creole 
platform in 4 m (13 ft) of water and pulled 4 MMbbl of 
oil out of the ground from 2,865 m (9,400 ft) over 31 
years. Drilling and completion activities have since con-
tinued, yielding acceptable returns on investment (ROI) 
throughout the majority of the various commodity price 
swing environments. The transition to an industry focus 
on deepwater GoM activity was fueled by larger reserve 
bases, higher potential recovery factors and the increased 
potential for massive cash flow. Unfortunately, that shift 
was driven by a single relatively long-term positive imbal-
ance in the price of liquid hydrocarbons and might not 
be sustainable in a sub-$60/boe environment. The cost 
of drilling a deepwater well can range from $80 million 
to $150 million, while shelf projects can run between 
one-quarter to one-third of that. Although the scale of 
potential recovery is less than in deep water, the cost of 
shallow shelf development is substantially lower.

Various operators report different breakevens for 
new-drill shallow shelf projects ranging from $35/boe 
to $50/boe in the 2016-2017 commodity environment. 
Recent merger-and-acquisition activity associated with 
the shallow-water GoM has totaled about $8 billion, 
clearly suggesting the industry recognizes the upside of 
taking advantage of lower development costs per barrel 
of oil equivalent associated with this play. 

New well development is not the only way to recover 
reserves. It is well known that lower cost and innovative 
well intervention activities can incrementally improve 
recovery factors, increase the rate of recovery and 
dramatically lower the overall cost per barrel of oil 
equivalent. The suggestion, then, is that if the new-drill 
breakeven is $40/boe in 2017, the breakeven for inter-
vention activities on existing wellbores should average 
substantially below that number.   

During the past three years demand-related cost 
deflation has resulted in lower lifting costs across the 
industry, including the shallow-water shelf. However, 

commoditized service costs are historically directly tied 
to the supply-and-demand curve and therefore must 
necessarily be separated from the impact of leading-edge 
technology and process improvements. 

Advancing intervention services 
GoM shallow-shelf well intervention activities often are 
divided into two categories: heavy lifting, whereby the 

Intervention applications enhance 
shallow-water GoM viability       

Operators can enjoy robust ROI even at lower prices.

An intervention takes place in the shallow-water GoM.  

(Source: Halliburton)
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repair or replacement of an existing completion and 

tubulars requires the services of a workover or drilling 

rig, and light-duty intervention services, which can be 

performed by tailored intervention vessels. Some exam-

ples of light-duty interventions include: 

• Surveys and other near-wellbore measurements, 

which can include acoustic conformance services for 

detecting a leak source, cement/density logging for 

cement integrity, electromagnetic corrosion studies 

and through-pipe sonic measurements;

• Conformance treatments, whereby advanced water- 

control systems can materially decrease water/hydro-

carbon ratios;

• Installation or maintenance of chemical-injection 

delivery systems that provide flow assurance, scale 

inhibition, demulsification and corrosion protection;

• Resin sand-control consolidation systems through 

tubing services; 

• Coiled tubing operations that provide downhole 

tools and processes, including scale control, restim-

ulation and tubing/casing inspection or remedia-

tion—conventional tasks such as squeezing, prop-

pant washing, gas-lift valve shifting, setting/pulling 

of tubing plugs and reperforating can be accom-

plished without the deployment of a large and costly 

rig also fit into this category;

• ROV services that can be employed for wellhead and 

riser inspection, diagnostics, and light maintenance 

tasks; and

• Refracturing services with advanced diverter tech-

nologies to recover incremental reserves over and 

above the original EUR for cases where a completion 

screen is not present.

For many years a large number of onshore plays with 

net pay permeability in the millidarcy range were not con-

sidered as candidates for advanced stimulation and restim-

ulation techniques. However, about four to five years ago 

several operators began to recognize that the long-stand-

ing practice of setting a cutoff porosity and establishing a 

net pay (ignoring any rock volume outside that chosen net 
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pay) might have had unforeseen consequences, including 
missing production from bypassed pay zones.

A few operators elected to disregard that practice and 
instead considered weighted averages of darcy parame-
ters over the full vertical extent of the propped fractures. 
This resulted in a dramatic drop in the assumed effec-
tive permeability exposed to the fractures. So instead of 
millidarcy permeability, they were dealing with low- or 
mid-microdarcy permeability, which subsequently shifted 
the given play into the unconventional category. 

Experimentation with completion practices normally 
associated with unconventional delineation and develop-
ment was initiated, and the subsequent commercial per-
formance of a high percentage of wells drilled during 
the latest depressed commodity price environment testi-
fies to the success of the process (Figure 1). 

The concept applies to shallow-water Gulf Coast 
properties in two ways. First, there are several marginal 

(noncommercial) plays that could be considered 
moderate permeability and might be of inter-
est as a potential refracturing candidate if the 
gross propped/net height ratio is large. Second, 
the lower permeability associated with behind-
pipe reserves suddenly becomes attractive, and 
these become candidates for the application of 
advanced stimulation techniques.

Fiscal justification
Heavy-lifting well intervention operations comprise 
only about 15% of the total Gulf Coast shallow-shelf 
expenditures. The balance of operations (about 
85%) may typically be carried out with tailored ser-
vice vessels, and much of the cost of such interven-
tion is included in corporate opex budgeting.

The variety of lightweight well intervention sce-
narios suggests it is impossible to assign a blanket 
breakeven commodity price for any given interven-
tion operation. However, there is ample evidence 

that the overall cost per barrel of oil equivalent (cost/boe) 
of multiple categories of intervention processes considered 
together is substantially lower than the new-drill breakev-
en, and therefore the cost/boe of incremental reserves 
recovered is typically substantially lower as well.

The vast majority of lightweight well intervention oper-
ations is clearly justified at $50/boe. There are several 
Gulf Coast shallow-shelf operators that have balanced 
portfolios containing a healthy mix of new-drills and tar-
geted lightweight well intervention programs, and these 
operators are indicating reasonable ROIs where public 
information is available.

Taking advantage of the concept of total column 
height exposed to a propped fracture when the gross 
propped-to-net-height ratio is large (as opposed to 
focusing on net pay height alone) opens up new oppor-
tunities to apply learnings from other lower permeability 
plays to marginal quality shelf assets. In addition, target-
ing lower permeability behind-pipe reserves might have 
fiscal merit in the less than $40/boe environment. 

A percentage of incremental reserves can be 
accessed via the existing operating expense structure 
as opposed to progressive capital allocation.

The shallow-water shelf has proven to be resilient over 
the years, largely due to the lower cost of well intervention 
activities and the continual improvements in materials, 
equipment and technological processes. With the right 
ROI for the operators combined with the correct applica-
tion of advanced technology, the life of offshore wells can 
be extended for many more years to come. Extending the 
economic life of wells is a primary objective. 

With the right ROI for the  
operators combined with the 

correct application of advanced 
technology, the life of offshore 

wells can be extended for many 
more years to come.
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Mature / Conventional 
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REFRACTURING APPLICABILITY

FIGURE 1. Considering weighted averages of darcy parameters over the full  

vertical extent of the propped fractures results in a dramatic drop in the 

assumed effective permeability exposed to the fractures. (Source: Halliburton)
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A      small Norwegian sub-

sea company has thrown 

down the gauntlet to the sub-

sea industry to reduce costs and 

complexity over the life of a 

well. Optime Subsea believes 

technology being released into 

today’s market must be simple 

and cost-efficient.

Optime Subsea CEO Jan-

Fredrik Carlsen explained 

during the Subsea Valley Conference in Oslo, Norway, 

his belief that the oil and gas sector—subsea in par-

ticular—needs a lower cost base, highlighted by the 

fact that over the past 10 years costs have tripled.

“We think that is because of the increasing complex-

ity, including a huge amount of documentation. This 

has led to no one developing really new technology,” 

Carlsen said. “There have been incremental improve-

ments within the industry. We are aiming to make a big 

jump by introducing something disruptive—some-

thing very new, lighter, smaller and low-cost as well.”

Optime Subsea might be the David in the race 

against the Goliaths out there, but its first shot across 

the bow is the Subsea Control and Installation Light 

System, a system targeted for subsea workover 

and intervention systems. It is a control system that 

combines the requirements from traditional subsea 

control systems developed for permanent installed 

equipment with the modularity, flexibility and low 

cost traditionally seen in the ROV industry.

Benefits of the system are that it does not require a 

hydraulic umbilical from the support vessel, reduc-

ing both the cost and complexity of the topside struc-

ture, potentially freeing up the drilling rig and allow-

ing installation to be carried out by a smaller vessel.

“We utilize this for the installation and test of sub-

sea christmas trees as well as operating subsea tool-

ing,” Carlsen said. “We take all the topside hydraulics 

that you see in a normal system and put that on the 

seabed, making the installation smaller. We don’t 

need a hydraulic umbilical with hydraulic hoses 

going from the topsides to the subsea component. 

We have all that subsea so our umbilical is simply 

fiber optics and electrical power, making the umbil-

ical much smaller.

“Aside from the drive to reduce the topside foot-

print by placing everything subsea, there is also the 

desire to use smaller vessels,” he added. “Rigs are 

designed for drilling the well and the completion—

the heavy stuff—and then they should move on to the 

next well. Everything else can be carried out from a 

smaller vessel, less than 100 m (328 ft). By doing this 

operators can achieve a 60% savings on installation 

costs. This is a huge challenge today because at 

present you can’t really utilize small boats because 

they may be exposed to hydrocarbons and gas on 

the deck, but with our system where you don’t have 

a hydraulic hose rising from the seabed there is no 

risk. We seal it on the seabed so there is no exposure.”

All the designs are complete, and work on cutting 

the metal has begun in earnest.

“We are now very targeted at what solutions drive 

the most optimization, and by third-quarter this 

year we will have the smallest, most cost-efficient 

intervention workover control system in operation,” 

he said. “With specially designed equipment with a 

small footprint, facilitating operations from smaller 

and lighter vessels, giving a significant cost reduc-

tion, we should be an interesting alternative.”

At present, the company is concentrating on instal-

lation, but Carlsen is keen to emphasize that this is 

really a life-of-field system.

“We are starting with the easiest part, which is 

installing the christmas trees; then we are moving 

on to carrying out subsea intervention on wells,” 

Carlsen said. “We are also targeting subsea plug and 

abandonment from a vessel rather than a rig.” ■

Taking a giant leap for 
subsea installation

Mark Venables, Contributing Editor

Jan-Fredrik Carlsen
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Sergiy Grymalyuk, Baker Hughes

O
ngoing advances in under-reaming technology are 

targeting deepwater wells, where drilling through 

unstable formations introduces well construction risks. 

Under-reaming-while-drilling operations help minimize 

wellbore instability by enlarging the problem zone and 

allowing more time to run casing before the formation 

collapses. These operations also ensure that casing or 

lining reaches target depth so that the well can be com-

pleted efficiently. 

However, traditional expandable under-reaming sys-

tems are increasingly unable to meet the demands of 

deep offshore wells. These systems do not provide clear 

confirmation that the cutting blades are activated and 

fully deployed. In addition, most reamers are activated 

by ball drop or radio frequency identification (RFID), 

which limits their placement to the top of the bottom-

hole assembly (BHA). This can result in a rathole of 30 

m (100 ft) or more in length, necessitating a second 

reaming trip that adds significant expense to the deep-

water drilling operation. 

These challenges prompted the development of the 

Baker Hughes GaugePro Echo digital reamer. It is the 

industry’s first reamer that digitally confirms activation 

and deactivation. The tool gives operators on-command 

control and confirmation of blade status and position 

through downlink communication via mud pulse telem-

etry or wired pipe. 

This avoids the need for a simple shoulder test, in 

which the extended reamer is pulled against the shoe 

until the pulling force increases, indicating that at 

least one of the blades is extended. This indirect mea-

surement does not specify whether all the blades have 

deployed or if they fully engaged at the desired depth. 

Prior to the digital reamer the operator would not 

know for certain that the hole was properly enlarged 

until it tripped out and started running casing. If the 

casing hit an obstruction downhole, it would have to be 

pulled out for additional reaming runs to enlarge the 

hole, which is a time-consuming and costly proposition.  

Electrical current from the MWD system powers the 

digital reamer. The blades extend and retract using a 

hydraulically driven piston that acts independently of 

drilling parameters such as fluid pressure, flow rate, 

rpm and weight on bit. 

Because it avoids dropping balls or RFID tags, the 

tool’s metallic body and electrical actuation method 

means the reamer can be placed anywhere in the 

BHA. Transmitting data and commands via digital 

downlink ensures that the reamer is activated in just 

a few minutes, a significant time savings of more than 

30 minutes or longer required for mechanical activa-

tion methods. 

The downlinkable technology enables operators to 

send commands to actuate the blades an unlimited 

number of times. It also sends information on oil pres-

sure, fluid temperatures, and tool vibration and diag-

nostics in real time. 

The system allows drilling and reaming in one run 

with up to three independent reamers placed in the 

same BHA. A two-reamer configuration with a main 

reamer on top of the BHA and a second reamer placed 

near the bit can minimize the size of the rathole to 

within 4.6 m (15 ft) of total depth (TD) while eliminat-

ing the need for additional reaming trips. 

A third reamer added above the main reamer provides 

additional stabilization. Replacing the reamer’s cutters 

with stabilization pads that are extended against the 

borehole serves to minimize excessive vibration or oscil-

lation of the string during the under-reaming operation. 

Larger size for greater depth
Reamers in the GaugePro Echo series designed for pilot 

holes ranging from 6 in. to 14½ in. have been success-

fully deployed in more than 360 runs. The company has 

recently released the Series 16 reamer, answering the 

industry’s need to enlarge boreholes in deep reservoirs 

ahead of larger outer-diameter casing installations. 

This larger reamer possesses many of the same design 

features of the smaller tools in the series but enlarges a 

16½-in. pilot hole to a maximum 22-in. hole or any pre-

set size in between.  

Expanding hole enlargement to 
deeper reservoirs       

New reamer enlarges boreholes in deep reservoirs ahead of  

larger outer-diameter casing installations.
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The new reamer also includes a new five-blade design 

featuring two more than the industry-standard three 

blades for concentric reamers. Placing five blades in an 

optimized layout around the tool body reduces vibration 

during reaming and provides a more balanced load dis-

tribution. These features combined with highly durable 

Stabilis cutters that are designed to improve impact and 

abrasive resistance increase the ROP and help ensure a 

smoother profile borehole. 

Early runs deliver 
To date, the Series 16 reamer has been run in five 

wells in Norway and Angola. In each run the reamer 

successfully enlarged the borehole while exhibiting low 

vibration at the required running speeds, which helped 

drillers achieve their desired ROP. 

In one of the deepwater Angola wells the operator 

was drilling a directionally challenging section built to 

70-degree inclination. Further complicating the oper-

ation, the section was being drilled into an unstable 

formation where the risk of wellbore instability was high. 

The operator wanted to optimize the under-reaming 

process to achieve the desired inclination 

and deliver a hole with sufficient clear-

ance to accept a 16-in. liner in one run. 

This also would require minimizing the 

nearly 61 m (200 ft) of rathole between 

the drillbit and the main reamer. 

Baker Hughes engineers worked with 

the operator to develop a dual-reamer 

configuration in the BHA that also 

would minimize the under-reaming 

time. The team installed two digital 

reamers into the BHA, one at the top 

and the other just above the bit. Each 

reamer was configured to open the 

hole from 17½ in. to 20 in. below the 

20-in. casing. 

The main reamer helped to achieve 

the desired inclination and borehole size 

through the unstable formation when 

drilling began. Once the drillbit reached 

61 m (200 ft) above TD, the starting 

point for the future rathole, drilling was 

halted and the operator sent a downlink 

from surface to activate the near-bit 

reamer. The blades were deployed into 

the formation, and the cutters started 

enlarging the borehole near the bit. 

With confirmation at surface that 

near-bit and main reamers were both 

fully deployed and running, drilling resumed. As the 

drillbit proceeded to TD, the main reamer enlarged 

the borehole while the secondary reamer eliminated 

the rathole, all in the same trip. This was confirmed 

by real-time log readouts at surface. 

This deployment successfully delivered the wellbore 

with the correct inclination and borehole size to allow 

efficient running of the 16-in. liner. The simultaneous 

operation of both reamers replaced the conventional 

practice of drilling to TD, pulling the drillstring up to 

the top of the rathole and then activating the near-bit 

reamer to perform a dedicated rathole-clearing run. 

This second run would have added three hours of rig 

time to the operation. 

In total, the single-trip dual-reamer operation saved 

the operator 27 hours of rig time while minimizing the 

rathole to just a few meters in length. The five-blade 

design of the Series 16 reamer helped minimize vibration 

during the run, even as the tool rotated at up to 140 rpm.

The success of these initial runs has spurred other 

operators to deploy the technology in deepwater 

regions from West Africa to Brazil in 2017. 
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A real-time log record confirms that the main reamer enlarged the borehole, while the 

secondary reamer eliminated the rathole in one trip. (Source: Baker Hughes)
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Jenna Robertson, Thru Tubing Solutions

T
he plug-and-perf (PNP) completion method is an 

industry standard that uses a single wireline run to 

set a bridge plug for isolation and then perforate the 

next interval or stage prior to fracture stimulation. The 

wireline assembly, when used in horizontal applications, 

is pumped downhole to reach the desired depth and 

then pulled to the surface after perforations are made, 

allowing fracture operations to commence. Plug spac-

ing has been a major industry topic, with most trends 

over time showing reduced spacing with more plugs per 

completion. This is primarily due to fracture designs 

continuing to evolve as well as production results alter-

ing designs to space plugs closer together for maximum 

contact with the reservoir. 

However, there are countless costs, risks and time 

associated with running, setting and drilling plugs 

during the completion of a new well. A bridge plug can 

become prematurely set (preset) prior to reaching its 

desired depth during a wireline pump-down operation, 

adding unintentional time and money to the overall 

completion. Technological breakthroughs that can 

decrease the number of plugs needed in a single well 

but still achieve great and possibly better results have 

significant value to operators. 

Reduce plugs
Thru Tubing Solutions’ SlicFrac 

diverting technology allows operators 

to reduce the total number of bridge 

plugs within a wellbore while maintain-

ing the advantages of closer stage spac-

ing and additional clusters. The risk 

of a preset is drastically reduced along 

with pump-down time, completion 

costs and resources associated with the corresponding 

wireline runs and subsequent millout work. 

Applying the SlicFrac diversion technology between 

bridge plugs allows the operator to achieve maximum 

cluster efficiency while stimulating the entire stage with-

out leaving orphan clusters behind. By spacing the plugs 

farther apart and adding additional perforation clusters, 

operators are able to perform more pinpoint fracture 

stimulations while diverting the treatment to the virgin for-

mation, which ultimately would have been left untreated 

in the previous design. The use of a SlicFrac diverter sys-

tem can increase fracture fluid efficiency across the entire 

stage to contact the most rock possible, giving the target 

reservoir every opportunity to perform to its full capacity.

Protect offset wells
Stimulating neighboring wellbores could potentially 

harm production of the original (parent) well and also 

leave the new (child) well underperforming in com-

parison to the original well. Maintaining near-wellbore 

stimulation of the child wells can help eliminate the 

bashing effect on the parent well and allow more wells 

to be drilled in the field with positive results. A SlicFrac 

diverter system allows the operator to maintain a more 

consistent stimulation volume into each perforation clus-

ter, ultimately providing a more balanced treatment and 

Optimized fracture stimulation  
delivers cost savings
A reduction in the number of bridge plugs needed is one of many benefits  

offered by new diverting technology.

FIGURE 1. As indicated by the chart, the 

parent well had an 82-psi increase during 

the SlicFrac operation of the child well. 

(Source: Thru Tubing Solutions)
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reducing the probability of a “runaway 

fracture” that could damage offset 

wells. This can be important to opera-

tors drilling infi lls so as not to commu-

nicate with other wells in the fi eld.

Case study
The SlicFrac diverter system was used 

on an infi ll drilling project where the 

customer was concerned the parent 

well could potentially suffer from com-

munication while stimulating the new 

well. Pressure gauges deployed down-

hole into the parent well by the cus-

tomer measured an increase of 82 psi 

throughout the entire job (Figure 1).

The customer was able to optimize 

placement of the proppant and divert 

the treatment when necessary to break-

down virgin clusters, removing the 

possibility of dominant clusters taking 

more than the designed fl uid and frac-

turing into the offset wells. In addition, 

the customer was able to reduce the 

total number of bridge plugs used, and 

this led to a more effi cient fracture job 

with less risk at a reduced cost. 

SlicFrac Perf PODs seal directly inside 

the perforation and eliminate any for-

mation damage or residual fracture 

obstructions, making them ideal for 

both new and existing/washed perfora-

tions. The Perf POD replaces the need 

for numerous bridge plugs while pro-

viding an economical solution for better 

fracture stimulation by selectively divert-

ing the fracture to the virgin formation. 

The customer’s production numbers 

for the fi rst 60 days of the child well 

showed equivalent values to that of the 

parent’s fi rst 60 days when completed a year prior; thus 

eliminating any concerns in regard to depleted resources 

(Figures 2 and 3). SlicFrac Perf PODs were able to elimi-

nate interwell communication within these neighboring 

wellbores while also achieving higher than expected pro-

duction numbers in the new well. Additionally, the new well 

produced 49% less water than the parent that had been 

originally completed using a conventional PNP operation.

The customer considered the results to be a huge suc-

cess and has since decided to include the SlicFrac divert-

er system in all future fracture stimulations to achieve 

maximum cluster effi ciency and remove runaway frac-

tures. The overall reduction in plug cost, wireline runs, 

water usage, total fracture time, post-fracture millouts 

and all-inclusive time for services on location all attribute 

to the total cost savings with the diverter system. 

Have a story idea for Shale Solutions? This feature highlights 
technologies and techniques that are helping shale players 
overcome their operating challenges. Submit your story ideas to 
Group Managing Editor Jo Ann Davy at jdavy@hartenergy.com.

FIGURE 2. This chart shows the production comparison for the parent well and the new 

well for the fi rst 60 days. (Source: Thru Tubing Solutions)

FIGURE 3. Oil and gas production from the parent well increased after the fracturing of 

the child well. (Source: Thru Tubing Solutions)
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Wolfgang Wandl, Vryhof 

A
gainst the current market backdrop, offshore 

operators and drilling contractors are looking for 

technological and engineering innovations that provide 

that extra competitive edge, helping reduce operational 

time and risk, protecting asset integrity and ensuring 

maximum efficiencies.

Questions that need answering: How does my vessel 

react to different sea states? How can I ensure safe con-

nections between accommodation platforms and the main 

rig? And what are my optimal mooring line arrangements, 

and how can I ensure maximum precision in these? 

The following will examine how some of these ques-

tions are being answered, delivering significant efficien-

cies and cost savings while still adhering to the highest 

safety standards.

Availability and forecast response analysis
One example of offshore innovation is the availability 

and forecast response analysis that facilitates the linkup 

of floating offshore accommodation platforms (also 

known as flotels) to their host unit.

One of the most important tasks for offshore accom-

modation vessels is providing a safe passage for person-

nel to the host installation. In such cases the accom-

modation vessels are positioned alongside the rig and 

connected by means of a telescopic gangway.

But despite the latest dynamic positioning (DP) 

systems on the accommodation vessels, unpredictable 

weather and the understandable need to err on the 

side of caution means that in questionable conditions 

in which there is extreme weather, such gangways are 

sometimes nonoperational. This can lead to drilling 

and production downtime and an increase in costs. 

What if operators could estimate the movement of 

the vessel based on the latest weather forecasts and be 

assured of accurate predictions on how such floating 

units will respond? 

Such a scenario is being achieved through an inno-

vative partnership between Deep Sea Mooring (DSM), 

a provider of offshore mooring services and part of 

Vryhof, and StormGeo, a provider of decision-support 

services for weather-sensitive operations.

By combining hydrodynamic software and weather 

forecasts to accurately predict the relative movement 

of the accommodation rig and the gangway stroke to 

the attached platform, operators can forecast gangway 

motion, maximize availability, reduce risk and opti-

mize operations. 

In one North Sea application, the predictive software 

and DSM’s engineering expertise helped determine the 

best heading and optimal loading required to maintain 

gangway connections. The combination of DSM’s off-

shore expertise and  StormGeo’s weather forecasting 

analysis provides an important decision-support tool 

that will allow the captain to foresee expected discon-

nections in advance and increase the availability of the 

operation by selecting the optimal heading. 

Using this specific application over the course of a few 

months, gangway connectivity increased 2%. Taking into 

account that such accommodation vessels can house 

hundreds of personnel—all on high day rates—as well 

as the rig and support vessel hire costs, the increased 

connectivity can lead to substantial cost savings.

Mooring innovations
There is also a need for optimal offshore mooring 

arrangements and increased precision and flexibility in 

such operations.

Many installations (especially in areas such as the 

North Sea) are based around existing infrastructure. 

Innovation in the offshore sector   
From forecast response analyses to mooring technologies, operators can improve  

their efficiencies offshore. 

Availability and forecast response analysis facilitates the linkup 

of flotels to their main rigs. (Source: Vryhof)
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In the case of LNG, floating storage units and floating 

storage regasification units often are based very close 

to land-based operations and alongside infrastructure 

such as jetties. Different seabed and soil conditions also 

are present.

In meeting these challenges DSM’s Advanced Distance 

and Positioning System is attached to anchors prior to 

deployment, ensuring the anchor lands in the required 

position within engineering tolerances and provides the 

pitch and roll of the anchor along with the depth of 

penetration. When there is a minimal distance between 

the anchor and any subsea infrastructure, this type of 

information is crucial and also eliminates the need for 

ROV work during pre-lay operations and rig moves.

This need for precision also is included in anchor designs. 

Vryhof Anchor’s patented Stevtensioner technology 

enables operators and contractors to install anchors 

with smaller leads in more constrained areas. The 

Stevtensioner is a chain-shortening clutch with the 

active mooring chain connected on one side and a 

reaction chain running through it. A repeated heaving 

up and slacking of the Stevtensioner in a yo-yo action 

builds up the load in the mooring chain until the 

required tension is achieved.

This ability to use anchors with shorter leads enables 

operators to use smaller and cheaper vessels in moor-

ing installations, allows two opposing anchors to be 

cross-tensioned simultaneously and can bring down 

installation time by up to 40%—all potential sources for 

cost savings and an example of engineering innovation 

adding value.

The evolution of drag embedment anchors (i.e., 

anchors that are pulled/dragged into the seabed) also 

are improving offshore operations. Vryhof’s Stevpris 

Mk6 anchors, for example, can provide security in all 

seabeds and soil conditions with holding power more 

than 30% higher than any other drag anchor. Whether 

it is FPSO units, drilling rigs, single-point mooring 

buoys, barges or pipelaying vessels, the result is securer, 

safer and more effective offshore operations. 

Finally, there is a need for the real-time monitoring 

of offshore equipment. A good example of simple yet 

innovative tools is a series of unique ID bands that  

are fitted on all Vryhof equipment. The bands are 

highly durable, easy to read and fitted with radio fre-

quency identification chips, providing reliability in 

Vryhof anchors are ready for deployment on an Australian 

semisubmersible unit. (Source: Vryhof)

The RFID ensures traceability and identification of all mooring  

equipment. (Source: Vryhof)
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documentation and logistics while saving time during 

mooring and anchor-handling operations.

Another tool includes a hydro-acoustic subsea deploy-

ment hook to facilitate the release of pennant wires with-

out the need for ROV or weak link operations. Benefi ts 

include the effective subsea release 

of laydown wires and reduced oper-

ational time and costs.

Having the right processing 
capabilities in place
When multiple simulations and 

in-depth engineering analysis are 

required, there is also a need for 

high-level computing power to 

provide the answers.

Hydrodynamic and vessel 

motion analysis, mooring and DP 

analysis, riser analysis, and proba-

bilistic and deterministic stability 

analysis for ship types and fl oating 

structures often require powerful 

computing capabilities. 

With this in mind, the new 

engineering unit within DSM 

plays host to one of the indus-

try’s largest servers with parallel 

processing capabilities. These 

capabilities will enable DSM to 

carry out 120 simultaneous engi-

neering simulations, shortening 

computational times, reducing 

assumptions and simplifi cations, 

and delivering highly accurate 

and less conservative engineering 

analysis for customers.

Engineering innovation for 
challenging times
Engineering innovation is import-

ant to operators as a means of 

increasing effi ciencies and man-

aging costs during these chal-

lenges times. 

It’s encouraging to see that off-

shore operators and contractors 

have a variety of new technologies 

they can turn to, leading to viable 

engineering solutions and highly 

accurate information and analysis 

for real-life challenges. 

Have a story idea for Offshore Solutions?  This feature highlights 
technologies and techniques that are helping offshore players 
overcome their operating challenges. Submit your story ideas to 
Group Managing Editor Jo Ann Davy at jdavy@hartenergy.com.
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Dr. Chris Walker, Seabed Geosolutions

O
cean-bottom seismic (OBS) data acquisition is becom-

ing increasingly synonymous with ocean-bottom nodes 

(OBNs) as the majority of recent seabed seismic surveys 

have been or are being acquired with nodes, either ROV-de-

ployed or node-on-a-rope/node-on-a-wire (NOAW). 

The quality of OBN data is exemplary not only in deep 

water, where many examples of the superior imaging 

achieved using full-azimuth sparse receiver long-offset 

OBN geometries in the Gulf of Mexico (GoM) and off-

shore West Africa have been published in recent years, but 

also in shallower waters such as the North Sea (Figure 1).

This North Sea data example shows the significant 

improvement in imaging the Top Dornoch Formation in 

the Central North Sea, a notoriously challenging target. It 

is worth noting that these impressive results were achieved 

using a very sparse receiver geometry—346 m by 300 m 

(1,135 ft by 984 ft)—considering the water depth in the 

survey area was only 120 m (394 ft).

The reasons for the superior imaging delivered by 

OBS data compared to towed streamer are well known: 

• Wider bandwidth, especially at the low frequencies;

• Better signal-to-noise ratio;

• Longer offsets;

• Full azimuth;

• Greater 4-D repeatability; and

• Ability to acquire complete data in obstructed areas.

These benefits are the reason OBNs have become the 

technology of choice for appraisal and development for 

subsalt producing areas in the deepwater GoM. This 

expansion of OBN usage is set to continue as the use of 

high node-count survey geometries and increased speed 

of node deployment using both ROVs and automated 

NOAW handling systems encourage the application of 

simultaneous or blended sources, which has the double 

benefit of reduced survey duration/cost and increased 

data quality through denser shot intervals.

Geographic distribution 
For the first five years of OBN usage all 

of the surveys were undertaken in the 

GoM, almost exclusively in deep water, 

but their application has widened geo-

graphically recently, with the first 3-D 

OBN surveys in Southeast Asia and the 

Middle East being acquired in 2016. 

Three large OBN surveys will be acquired 

offshore Brazil in the next year, while 

the recent downturn in OBN activity in 

the GoM is likely to be reversed in late 

2017-2018. High node-count simultane-

ous-source OBN surveys will be acquired 

in Trinidad and Indonesia this year, 

while node crews will return to the North 

Sea in 2017 after a hiatus in 2016. 

The challenge
It is generally accepted in the industry that OBS data 

quality is superior to marine streamer data quality, but it 

costs too much for larger scale adoption. 

How can OBS costs be reduced? 

• The first step—the elimination of the traditional 

sources of OBS technical downtime such as  

connectors, terminations, power distribution  

and data telemetry—already is accomplished  

by adopting OBN rather than ocean-bottom  

cable technology;

The future of exploration?      
OBN data acquisition is increasing geographically and expanding in application beyond 

its traditional role in appraisal and development.

FIGURE 1. This inline shows the overall seismic quality improvement of the OBN Pup data 

from Brunelliere et al. and 2016 EAGE Abstracts. (Source: Seabed Geosolutions)
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• Smaller, lighter and lower cost nodes result in 

smaller back deck footprints, which in turn per-

mit larger node inventories per vessel and faster 

rigging/de-rigging of vessels of opportunity; 

• Using the same node across the full range of 

operating water depths allows reduced manu-

facturing costs and standardization of support 

and maintenance;

• Improved node deployment and recovery rates 

reduce the waiting time between start of node 

deployment and first shot/last shot and com-

pletion of node recovery; 

• Automation of node handling, ROV and 

NOAW operations results in faster, more 

accurate node placement/recovery while also 

reducing QHSE risk;

• Simultaneous or blended sources provide shorter 

source duration without reduced source effort;

• Containerized sources, designed without compro-

mising geophysical performance or operational 

capability, allow vessels of opportunity to be employed;

• Single vessel operations, where the node handling 

vessel also is equipped with full volume seismic 

source capability, can (especially in remote loca-

tions) provide a more cost-effective solution; and

• Surveys can be designed to eliminate costly waiting 

time on both the source and the receiver sides by 

ensuring the source and receiver efforts are prop-

erly balanced.

Operational performance
For ROV-deployed nodes with the advent of third-genera-

tion node technology, where the physical size and weight 

of the nodes have been greatly reduced, the latest genera-

tion of increased-power ROVs and automation of the ROV 

operations themselves have resulted in greatly improved 

node deployment and recovery speeds. Historically, single 

ROV node deployment rates of 40 to 50 nodes/day in 

deep water were typically achieved. However, this can be 

increased by a factor of four or more today. This, in turn, 

allows the use of simultaneous or blended sources. Surveys 

that were heavily source-bound, requiring several months 

of source effort, can be shot much more rapidly, reduc-

ing costs and potentially allowing OBN technology to be 

applied for exploration objectives.

Automated NOAW systems are set to deliver similar 

improvements in deployment/recovery speed, allowing 

similar efficiencies in dense receiver survey operations 

to be realized.

Figure 2 illustrates the relative project costs that  

can be achieved using the combination of the survey 

efficiency-enhancing approaches described above. The 

blue shaded area represents the OBN performance that 

can be achieved using NOAW or ROV deployment. It 

is not always intuitive which deployment method will 

result in the optimum, so an unbiased approach is 

recommended. This entails rigorous time and motion 

modeling of the two OBN survey methodologies based 

on acquiring data with the same geophysical parame-

ters—bin size, fold, offset, azimuth and record length, 

to name a few. These are not the only criteria, of 

course. Once the survey objectives are understood, the 

environmental constraints are examined and the result-

ing potential survey designs are generated. The compar-

ative technology solutions are then evaluated from both 

operational and financial perspectives before a final 

design and methodology are proposed.

The adoption of OBN data acquisition is increasing 

both geographically and in application beyond its tradi-

tional role in appraisal and development. The latest 

generation of nodes and associated deployment tech-

nology will, when coupled with the increasing use of 

simultaneous sources, expand adoption further. In the 

future, when AUV technology removes the need for 

either ROVs or deployment wires/ropes, the industry 

can expect to see a step change in receiver handling 

speeds that results in unprecedented survey perfor-

mance. This will have a dramatic impact on the use of 

OBS for exploration 3-D. And once deblending algo-

rithms are shown to be 4-D-friendly, even in “stiff” rock 

reservoirs, the combination of AUV and simultaneous 

source will expand into this arena too. 

MARINE SEISMIC

FIGURE 2. This graph compares the relative project cost against image area for 

two towed streamer technologies—full-azimuth towed streamer (green dashed 

line) and narrow-azimuth towed streamer (orange dashed line)—and Manta OBN 

technology (solid blue lines). (Source: Seabed Geosolutions)
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John Smythe, FairfieldNodal 

D
iscovery, appraisal, development, EOR and decom-

missioning often are described as the principal 

stages in the life of any E&P project. Successful E&P 

companies manage the risks and uncertainties associ-

ated with environmental, regulatory, technical and, as 

recent turmoil in the oil and gas markets has shown, 

economic factors at each stage in the life-of-field devel-

opment. Seismic data play a key role in defining and 

managing those risk factors. 

Modern ocean-bottom node (OBN) acquisition sys-

tems provide the best seismic data quality and clearest 

reservoir image to inform E&P strategies throughout 

each stage of field development. 

Large-scale OBN surveys 
The search for hydrocarbons has extended to remote 

and difficult-to-access areas; environmentally sensitive 

areas; areas of dense infrastructure; and geologic basins 

with complex overburden, structure and stratigraphy. 

Given these challenges and the limitations of conven-

tional towed-streamer acquisition, autonomous nodal 

systems successfully balance the competing objectives of 

subsurface imaging, affordability, acquisition efficiencies, 

accessibility, repeatability and environmental impact. 

The geologic and imaging objectives of a seismic 

survey are met by all-azimuth long-offset high-fold and 

dense subsurface sampling: All are requirements of 

new imaging and noise reduction technologies. OBNs 

are the affordable choice over ocean-bottom cable 

(OBC) systems to achieve those objectives. OBC systems 

that use terminations, connectors, power distribution 

and data telemetry are subject to technical downtime 

that drives up acquisition costs. The reliability of the 

OBN systems and the paucity of technical downtime 

allows more emphasis to be placed on improving the 

operational performance of the crew. Additionally, 

OBN acquisition is comparable in cost to wide-azimuth 

(WAZ) streamer for exploration where water depth, 

surface obstructions, shipping lanes, etc. leave gaps in 

streamer coverage. 

Seismic surveys used for exploration and regional 

analysis must be efficient and cost-effective to acquire. 

Large-scale OBN exploration surveys are generally char-

acterized by: 

1. All vessels working at all times; 

2. Source effort and receiver effort in balance;

3. Large receiver area that minimizes repeated shots 

and efficiently uses blended sources; and

4. Minimal impact of startup and ramp-down time.

OBN’s reliability and flexibility enable E&P compa-

nies to affordably meet their exploration objectives 

without compromising data quality and image clarity. 

Figure 1 shows a typical node-on rope acquisition using 

blended acquisition. 

Superior imaging for field appraisal
As E&P projects mature, the role of seismic data shifts 

from regional reconnaissance to identification of mini-

mum economic field size. A well-designed seismic survey 

not only satisfies exploration objectives but also satisfies 

the requirements of field development and appraisal. 

The value of the seismic data and the quality of the 

information it provides directly correlates to reduction 

OBN acquisition provides superior 
seismic data throughout life of field     

A well-designed survey provides image clarity at each stage of a field’s development. 

FIGURE 1. In a typical node-on-a-rope acquisition, nodes are 

deployed to the seafloor and retrieved using a passive rope.  

In this case there are two source vessels activating sources 

independently from each other. The blended seismic records  

are deblended from the continuously recording nodes after 

retrieval from the seafloor. (Source: FairfieldNodal)
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of risk and uncertainty in appraisal-stage decision-mak-

ing, which involves:

1. Delineation of economic limits;

2. Estimation of reserve volume; 

3. Well/platform location; and

4. Recovery strategy.

Poorly designed surveys, though possibly adequate 

for exploration purposes, rarely deliver the kind of data 

required by modern processing algorithms that are 

essential for field appraisal. Figure 2 is a comparison 

between collocated lines of a narrow-azimuth OBC sur-

vey and a WAZ long-offset OBN survey from the Gulf of 

Mexico. The images have been processed with similar 

imaging algorithms to identify the differences attribut-

able to the acquisition only. The OBN image is clearly 

superior in fault definition, signal-to-noise ratio (S/N) 

and frequency content. 

The true value of an OBN survey must be measured 

in the context of total cost of ownership of the survey. 

Technology-driven E&P strategies are highly dependent 

on quality seismic data. The costs of a mispositioned 

appraisal well, an unidentified opportunity or even the 

cost of reacquisition of an inadequate seismic survey 

dramatically impacts project economics. Total cost of 

ownership must also factor in safety and environmental 

risk exposure. Each mobilization of a seismic field crew 

or unnecessary or unplanned well location adds safety 

and environmental risk. OBN acquisition provides the 

lowest risk, highest reliability and highest quality image, 

resulting in the lowest total cost of ownership compared 

to seismic data acquired with any other system. 

Repeatability for development, EOR
The role of seismic in late-stage life of field shifts to 

reservoir management and surveillance. The technical 

challenges of reservoir management involve early and 

accurate characterization of the reservoir in terms of 

volumetrics, pore fluid identification, lithology/facies 

prediction and continuity. As field development pro-

gresses, the development team must extrapolate and cal-

ibrate measurements taken at sparse well locations, such 

as pay thickness, porosity and hydrocarbon saturation, 

onto the seismic grid. The essential link and integration 

between petrophysical data, well performance data and 

seismic data is generally achieved through various forms 

of seismic attribute generation and analysis. 

Denser WAZ geometries such as those acquired with 

OBN surveys unlock the power of complex attribute gen-

eration, signal processing algorithms and wave equation 

imaging techniques that feed into reservoir characteri-

zation technologies. The attributes of a node survey that 

directly affect the quality of a seismic image and, there-

fore, the quality of the reservoir characterization are:

1. Better imaging quality through long offsets and  

WAZ illumination;

2. High fold;

3. Dense spatial sampling;

4. High S/N;

5. Excellent vector fidelity; 

6. Multicomponent receivers; and

7. Highly repeatable acquisition.

In the last stage of the life of field, monitoring the 

changes in reservoir properties over time and the result-

ing change in seismic response gives critical informa-

tion to the reservoir management team. The reservoir 

properties that change over time include pore pressure, 

pore fluid type and saturation, porosity, and density.

The change in seismic response over time, known 

as the 4-D response, and the degree to which it can be 

measured depends on the quality of the initial or base-

line survey and the ability to repeat the monitor survey. 

In the case of OBN acquisition, node positions often 

are acoustically monitored and, if necessary, adjusted 

as the node is deployed. Four-dimensional repeatability 

also benefits from “carpet-type” shooting as positioning 

constraints can be relaxed in very high-density OBN 

acquisition geometries. The reliability of node posi-

tioning, improved access around surface obstructions 

and superior image differentiates OBN from any other 

ocean-bottom system for 4-D seismic. 

Throughout the life of field, seismic data play a criti-

cal role in regional reconnaissance, field development 

planning, economic risk reduction, reservoir manage-

ment and production monitoring. A well-designed OBN 

survey provides the seismic image clarity that informs 

critical decision-making at each stage of life of field. 

MARINE SEISMIC

FIGURE 2. In this data comparison between (A) WAZ OBN and 

(B) narrow-azimuth ocean-bottom system data from the Gulf of 

Mexico, note the differences in image quality and sharp fault 

definition in the OBN data. (Source: FairfieldNodal)
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DRILLPIPE & CASING  

ADVANCES

Laurent Bordet, Jonathan Franchi and  

Scott Granger, Vallourec

A
s demand for energy continues to increase, the 

search for vital energy resources is expanding far-

ther offshore into harsher and deeper waters. Some 

operating companies are pioneering exploration and 

development projects in water depths up to 3,658 m 

(12,000 ft) that involve a large number of technological 

challenges. The combination of a deepwater environ-

ment and the increased total depth being drilled to 

reach some reservoirs increases the demand for new 

technology and services. Completion and interven-

tion in harsh conditions require operators to set and 

run larger and heavier casing strings with hook loads 

approaching or exceeding 2.5 million pounds.

Drillpipe is traditionally used as a landing string to 

perform such operations in shallower waters. But those 

conventional landing strings cannot withstand high 

hook loads in deeper water due to the slip crushing 

phenomenon. Slips are being used to grip the pipes 

on the rotary table; the concentration of stresses might 

damage or in the worst-case scenario even crush the 

pipe under higher loads. Both slips and landing string 

designs were revisited to address the slip crushing phe-

nomenon and to provide a safe way to run heavy casing 

strings in deep offshore projects.

The challenge
Slip crushing is a major problem pertinent to the design 

of landing strings and slips for deepwater operations. 

These strings are designed to run long and heavy cas-

ings, tiebacks or liners. The total weight of these strings 

might approach or exceed two million pounds at the 

mud line. Adding the additional weight of the landing 

string back to the rotary table creates a serious design 

problem regarding both the landing string itself and the 

handling equipment. Slip-based handling systems work 

well in most instances but can lead to biaxial loading 

from the tension and radial loads exerted by slip inserts. 

As a result of biaxial loads, the axial load rating of the 

landing string is reduced.

Drillpipe (landing string) and slip devices manufac-

turers have to adopt new designs to enhance the slip 

crushing resistance of the landing system. Moreover, 

both slips and landing string design enhancements 

must be tested to ensure the integrity of the solution.

New landing system
To be able to set and run larger and heavier casing 

strings with hook loads approaching or exceeding 2.5 

million pounds, a heavy-duty landing system was devel-

oped and is available on the market. The CrushFree 

Landing String is capable of landing heavy loads while 

ensuring slip crush resistance. It includes an extended 

slip with enhanced design (coupled with a new greas-

ing system), a 2.5-million-pound-rated landing carrier 

and a pipe with a thick-walled high-strength material 

section, a lightweight tube and rotary-shouldered con-

nections (Figure 1). 

One of the current operational challenges with existing 

heavy-duty landing strings is linked to the positioning of 

Heavy-duty landing string for 
deepwater applications     

A safer cost-effective landing string is capable of landing  

heavy loads while ensuring slip crush resistance. 

FIGURE 1. The design of the CrushFree Landing String joint features an extended slip area. (Source: Vallourec)
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the slips, particularly when using extended slip designs. 

The limited length of the slips area requires additional 

time for proper positioning and setup. To address these 

issues, a new slip crushing resistant section design was 

developed. The combination of an extended crush-proof 

section and the absence of a heat-affected zone in that 

particular area decreases running time while completely 

eliminating the risk of setting the slips on a weak point. 

The versatile design allows fit-for-purpose crush-proof 

section lengths and is suitable for extended slips. 

To ensure the tensile capacity required by the appli-

cation, the slip section and the rest of the tube are 

heat-treated up to 150 kips per square inch (ksi) or 

165 ksi, which is substantially higher than the highest 

grade as defined in the American Petroleum Institute 

5DP S-135 standard. However, the makeup torque to 

be applied on the connector shall be within the range 

of what makeup tongs can handle. For this reason 

the connection area of the landing string joint will 

be submitted to a further heat treatment to bring 

the minimum yield strength of the material back to a 

more conventional value (135 ksi). The manufacturing 

process of the weld-free landing string joint is present-

ed in Figure 2.

Extra long slips were developed to reduce the pipe 

crushing effect. The longer the slips, the longer the 

contact area. Increasing the contact area will reduce 

the pipe crushing force to the pipe. However, this effect 

decreases the longer the slip is.

The main problem with pipe crushing is the gaps 

between the slips. Using three slips will cause a big gap 

and/or a bad support on the dies on the side of the 

slips. A new system was developed to handle four slips 

in a double-halved body. The gaps are reduced to a 

minimum, and even the dies on the side are supported 

perfectly on the back of the slip. A constant and even 

stress distribution was a main criteria for the new slip 

design, which has been enhanced due to the four-slip 

design with perfect stress distribution.        

The friction factor affects pipe crushing. Applying the 

correct amount of grease is very important. Because of 

this improvements to the greasing system were made. 

Air and grease are fed through a two-pipe system, with 

the inner pipe containing grease and the outer contain-

ing air. This system sprays the grease directly in a wide 

angle to the slip backside, adding the correct amount of 

grease to the slip system and causing a repeatable and 

accurate system. Guides based on rollers on the slip side 

were added to ensure accurate slip placement. 

DRILLPIPE & CASING  

ADVANCES

FIGURE 2. The manufacturing process of the landing string joint includes multiple heat-treating steps. (Source: Vallourec)

Completion and intervention  
in harsh conditions require  

operators to set and run larger 
and heavier casing strings with 

hook loads approaching or 
exceeding 2.5 million pounds.
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EMISSIONS  

MANAGEMENT

Joseph Colannino, ClearSign Combustion Corp.

O
nce-through steam generators (OTSGs), used to 

inject steam down a well to enhance recovery of 

crude oil, operate under increasingly stringent combus-

tion-emissions requirements for nitrogen oxides (NOx) 

and carbon monoxide (CO). These requirements have 

steadily decreased over the decades from 100 parts per 

million (ppm) to 40 ppm to 30 ppm. Fast forward to 

2017, and NOx requirements are 9 ppm and moving to 5 

ppm in some areas. CO is reduced to near-zero levels with 

proper combustion management. However, NOx remains 

difficult to reduce with each step along the way, requiring 

major innovations in burner science and engineering. 

In a conventional burner fuel and air react in a single 

zone to suddenly release their heat in a short flame. This 

type of combustion produces an intense flame and virtu-

ally no CO. However, intense combustion produces high 

flame temperatures that fuse nitrogen and oxygen in 

the combustion air to generate NOx, a criteria pollutant 

and ground-level ozone precursor. The decrease from 

100 ppm to 40 ppm required the development of special 

burners known as low-NOx burners. They reduced NOx 

by staging the air into two distinct zones. In the first zone 

enough air was added to form a stable core of flame but 

not enough air to burn out all the fuel. A second por-

tion of air was then added to complete the burnout in a 

strategy known as air staging. A complementary strategy 

known as fuel staging divided the fuel into distinct stages. 

Staging strategies tended to delay mixing and increase 

flame length, giving a larger flame surface that better 

transferred from the flame to the process. 

Flames could impinge on process or boiler tubes, 

accelerating failure due to extended flame length. To 

achieve even lower emissions and provide additional 

momentum to stiffen flames, flue gas was recirculated 

and added into the combustion air stream. Carbon diox-

ide (CO2) and water (H2O) in flue gas are active infra-

red absorbers and, together with the additional mass 

provided by flue gas recirculation (FGR), help to cool 

the flame. But as NOx limits fell farther, flame stability 

became an issue, and burners grew more complicated, 

becoming known as ultralow NOx burners. 

In the last decade NOx requirements had sunk to 

9 ppm in California. A large oil and gas producer 

in that state operating a large fleet of OTSGs in the 

Bakersfield region began recirculating 25% to 30% 

of its total flue gas in its burners. This required large 

recirculation fans or substantially oversized combus-

tion air fans to propel the increased mass flow. To 

achieve 5 ppm, experimental designs with ever more 

complicated burner architectures employed FGR levels 

approaching 40% and the limits of burner stability. 

Besides the increasing fan power (a significant oper-

ating expense), such a level of FGR can exacerbate 

corrosion and pose additional safety risks. In short, 

the evolution of ultralow NOx burners appears to have 

come to its limit. 

Low NOx, CO emissions with 
cleaner combustion system     

The rapid and complete combustion of emissions without appreciable NOx or  

CO is now possible with a new technology.

Duplex surface

Support
(welded to furnace shell)

Ceramic structure

FIGURE 1. For a typical process heater, the surface is robustly 

anchored a predetermined distance above the burner floor 

(note the three burner cutouts) to provide for rapid and  

complete combustion without appreciable NOx or CO. A  

typical OTSG uses a horizontal orientation, but the principal  

is the same. (Source: ClearSign Combustion Corp.)
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The producer’s continuing search uncovered a new 

strategy for producing sub-5 ppm NOx developed by 

ClearSign Combustion Corp. Clearsign’s DUPLEX tech-

nology produced sub-5 ppm NOx and CO without the 

need for FGR. 

New strategy
To understand DUPLEX technology, consider the anal-

ogy of baking a cake. Cakes are first mixed as a batter 

and then baked into a cake. Who tries to mix and bake 

a cake at the same time? One can imagine that such a 

process could perhaps produce cake, but it wouldn’t 

look much like cake baked the better way. Yet today’s 

ultralow NOx burners have more in common with a 

mess of mixing and baking because ultralow NOx burn-

ers require the fuel to mix and to burn at the same time. 

The result is a process that produces a hodgepodge of 

fleeting fuel-air structures that greatly exacerbate NOx. 

But if, like a cake, one were able to first mix the fuel 

and air and then heat it to combust, the result would 

be a much cleaner way of burning. ClearSign’s solution 

was to separate these two processes by installing the 

DUPLEX surface—a low-pressure-drop porous ceramic 

surface—in the furnace some distance downstream of 

the burner. This surface can be installed over a two-day 

shutdown window and ready to fire.

Mixing fuel, air
DUPLEX technology is applicable to any type of burner 

(conventional low-NOx burners or ultralow NOx burn-

ers). After installation of the DUPLEX surface (Figure 1), 

the burner is fired in the usual way, heating it above the 

auto-ignition temperature, after which the flame is trans-

ferred to the surface (Figure 2). This transfer is affected 

most typically by shifting fuel to an additional set of fuel 

nozzles that are designed to stabilize on the downstream 

surface. Once transferred, all the mixing of fuel and air 

occurs prior to combustion on the surface. The original 

flame might have been many feet long; the resulting com-

bustion now takes place in the few inches comprising the 

thickness of the porous wall, eliminating any possibility of 

flame impingement. This is possible because the rate-lim-

iting process for a flame is not its chemistry but mixing. 

With the mixing complete the chemistry proceeds so 

quickly that there is virtually no time to make NOx 

because NOx is a kinetic process that requires time. The 

surface radiates with better efficiency than a simple flame 

since a porous ceramic surface is very nearly a perfect 

blackbody radiator with an emissivity approaching unity. 

Indeed, DUPLEX operation typically results in a modest 

thermal efficiency increase in the radiant section while 

producing sub-5 ppm NOx and CO. The main benefits 

of mixing first and burning second are thus: no required 

FGR, elimination of flame impingement and repurposing 

of the original burner to something far beyond ultralow 

NOx burner NOx performance.

Results
In early 2015 the producer retrofitted its first unit, an 

OTSG fired at 62.5 MMBtu/hr. The initial burner ret-

rofit saw the replacement of a subset of existing burner 

tips with special nozzles. These new nozzles had no 

effect during normal operation. The primary burner 

tips (which were left unmodified) continued to stabilize 

all zones per the manufacturer’s original design inten-

tion. The transfer strategy then comprised shifting the 

fuel to the modified nozzles only. 

Without combustion in the primary zone, the flame 

quietly transfers to the DUPLEX surface. Quiet combus-

tion is another hallmark of DUPLEX operation because 

combustion roar is eliminated when mixing and burn-

ing are decoupled. After the successful demonstration, 

another unit was purchased and installed by the pro-

ducer in 2016. This successful retrofit mirrors the per-

formance of the first unit. The units have been in con-

tinuous operation for more than a year and continue to 

deliver sub-5 ppm NOx. 

EMISSIONS  

MANAGEMENT

FIGURE 2. The DUPLEX surface hosts the combustion reaction, 

generating sub-5 ppm NOx without appreciable CO. (Source: 

ClearSign Combustion Corp.)
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Omer Yanai, Opgal 

I
n the summer of 2016 the U.S. Environmental Pro-
tection Agency (EPA) published the Quad Oa reg-

ulations, which were designed to reduce the level of 
greenhouse gases released into the atmosphere by the 
oil and gas industry. In early 2017 the implementation 
of these regulations is far less clear. 

Nonetheless, some clarity remains. Natural gas’ reputa-
tion as the “clean” fossil fuel has been earned because it 
emits about half of the CO2 and significantly less soot, sul-
fur and other particulates than coal. But this ignores the 
problem of methane—a powerful greenhouse pollutant 
that has been analyzed to be more than 80 times more 
potent than CO2 for the first 20 years after it is emitted.

In April 2015 an analysis conducted by the Rhodium 
Group and commissioned by the Environmental 
Defense Fund showed that the 20-year global warming 
potential of methane emissions from the oil and gas 

sector has the same near-term impact as about 40% of 
total CO2 emissions from worldwide coal combustion in 
2012. Globally, the oil and gas sector is one of the larg-
est contributors to methane emissions. Methane emis-
sions from the oil and gas industry in 2012 represented 
about 85 Bcm (3.5 Tcf) of natural gas escaping into the 
atmosphere. The amount of methane gas that escaped 
globally almost matched total production from Norway 
in 2012. Measured globally, lost natural gas would rank 
as the world’s seventh largest natural gas producer. This 
wasted gas represents about $30 billion of lost revenue 
(at average 2012 delivered prices). 

With shale gas fundamentally altering the shape of 
the American energy market and natural gas being 
promoted as the bridge to a low-carbon future, it’s an 
important energy source that can’t be wasted. But until 
methane emissions are fully measured, monitored, 
controlled and reduced, the position of natural gas as a 
greener substitute for coal and oil, which is a large part 
of its appeal, is open to serious question. 

Industry response
Given the Rhodium Group’s findings, 
developing a systematic approach to reduc-
ing methane emissions is in the best inter-
ests of oil and gas operators from both a 
safety and cost perspective. It is also benefi-
cial for their customers, their shareholders 
and the communities in which they oper-
ate, regardless of regulatory drivers. 

This is something that national and 
super-national regulators have long recog-
nized, as have the organizations they over-
see. A few months after the EPA published 
its Quad Oa regulations, the five Nordic 
states in Europe committed to developing 
a global target to reduce oil and gas meth-
ane emissions. 

Mexico and Canada have both committed 
to reducing methane emissions by 45%, while 
companies such as BP, Engie, ENI, Repsol, 
Saudi Aramco, Statoil and Total have all 
followed up their expressed concerns about 

The global oil and gas methane 
emissions debate     

Imaging and remote monitoring technologies assist in emissions management. 

An optical gas image displays a leaking plume of methane onsite.  

(Source: Opgal)
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methane with monitoring for emissions and disclosing 

information. Within the U.S. regulation regarding  

methane emissions is stronger in individual states such  

as California, Colorado and Wyoming than it is at the 

federal level. 

For reasons of public safety, employee safety, environ-

mental protection and operational efficiency, the con-

sensus within the oil and gas industry is that methane 

emissions must be better controlled. This includes both 

planned releases of gas and unplanned emissions in the 

form of leaks, and it requires a three-pronged approach:

1. The first step is to ensure that new systems are 

designed in such a way that continuous monitor-

ing and catastrophe prevention is in place. This 

will mitigate serious events such as the 100,000 

tons of methane emitted from a natural gas system 

in Aliso Canyon, Los Angeles, in 2015. This is a 

long-term effort.

2. The second step is to build or modify systems that 

emit less and prevent losses. Where burning off 

excess gas from vents was once standard practice, 

the industry is seeing more new and modified plants 

incorporating vapor recovery systems that use the 

excess gas for pneumatic pumps and valves. Often 

these existing emissions sources are not well docu-

mented, and a site survey is the only way to identify 

fugitive emissions. 

3. The third step is to manage repairs more effectively. 

In any process facility where there are hundreds if 

not thousands of connections, seals and vents, a gas 

leak of some kind is inevitable. Leak detection and 

repair (LDAR) systems that enable early identifica-

tion and swift mitigating action in hazardous envi-

ronments are essential. Aliso Canyon was a big story, 

but the far more common culprit is a faulty valve on 

a well-side storage tank, which once spotted might 

be simply fixed with a spanner.

A sensible LDAR regime
Whereas the first step above requires long-term invest-

ment and system design, the second and third are much 

quicker and easier steps to address. Much of the existing 

regulation around gas emissions and gas leak detection 

are based on a series of protocols known as Method 21. 

These require operators to use “sniffers,” devices that 

use a physical or chemical reaction to identify the pres-

ence of leaked gas.

Sniffers are excellent for routine inspections of known 

trouble spots, as is often mandated in the regulations. 

What sniffers don’t do is identify the source of a leak, 

particularly when it comes from an unexpected source 

or a facility with 

complex piping. 

However, since 

2008 operators have 

been including 

optical gas imag-

ing (OGI) in their 

maintenance and 

operational regimes, 

particularly in haz-

ardous locations, to 

great effect. Using 

an infrared ther-

mal-imaging cam-

era, these portable 

and remote OGI 

devices can enable operators to safely identify specific 

hydrocarbons from their unique electromagnetic radia-

tion absorption rates. Hence, operators can observe any 

plumes of leaking methane and its exact source, even 

when the parts per million rate is relatively low. 

There is a growing body of evidence that shows that 

OGI methods can safely identify the vast majority of emis-

sions in a fraction of the time taken by labor-intensive 

methods. OGI can also be used to verify that any given 

leak has been fixed. During re-commissioning following 

plant repairs, OGI can be used to rapidly verify the integ-

rity of repairs to decrease the time the plant is offline. 

OGI has been defined by the European Parliament 

commission as the best available technique for volatile 

organic compound emission reduction. In Taiwan reg-

ulations mirror those in the U.S. in that they require 

Method 21 but also include OGI. Similar OGI-focused 

regulation also is coming to China and Canada. For 

truly global firms, implementing a standard OGI device 

across worldwide operations is the smart thing to do to 

ensure safe, efficient and cost-effective operations.

Regulatory twist?
Even if the Quad Oa regulations get watered down or 

lack fully funded enforcement mechanisms, safety and 

operational efficiency still makes OGI a shrewd choice. 

What’s more, the existing Regulation 325 will make 

fenceline emission monitoring mandatory. Operators 

will need a virtual “fence” of remote sensing and opti-

cal devices that can pick up the existence of pollutants 

outside the premises of their facilities. The regulations 

don’t specify OGI devices to be used, but if the pres-

ence of contaminants is detected, the next step will be 

to find the source—a job for which OGI cameras are 

ideally suited. 

EMISSIONS  
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The EyeCGas optical gas imaging  

camera enables users to safely, quickly 

and accurately pinpoint hydrocarbon 

leaks. (Source: Opgal)
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In an interesting twist, the actions of the new 

administration in Washington, D.C., might encour-

age the use of OGI more 

quickly. To date, much of the 

EPA’s regulation has been 

committed to labor-intensive 

sniffers and Method 21, which 

are often to the disadvantage 

of operators with remote or 

unmanned sites, for which 

sniffers are not appropriate.

With its promises to reduce 

regulatory burdens and boost 

industrial growth in the U.S., 

the new government also could 

look for ways to ease the bur-

den of current LDAR programs 

while still maintaining the pub-

lic protection that citizens demand. Being cost-effective 

and flexible in their deployment, OGI devices would 

allow operators to capture the majority of leaks more 

quickly and more efficiently than current practice 

allows, thus making 

operations much safer. 

Predicting the future 

is a thankless task. But 

even as details change, 

LDAR is likely to 

remain and be imple-

mented by countries 

worldwide. And with oil 

prices still at the lower 

end of the curve, mar-

gins are tough to main-

tain, and profits are 

hard-won. In these cir-

cumstances OGI is the 

technology to help 

enhance operations, maintain safety records and avoid 

major pollution. 

EMISSIONS  
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But until methane emissions are  

fully measured, monitored,  

controlled and reduced,  

the position of natural gas  

as a greener substitute for  

coal and oil, which is a large  

part of its appeal, is open  

to serious question.
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SUBSEA TREES

Steven North, Apex Hydraulics

D
uring recent decades the world has seen a decrease 

in coal mining, and many nations have raised con-

cerns about the environmental impact of other types 

of land-based fuel sources. This has resulted in a move 

toward farming the sea for its rich energy sources—

tidal energy, ocean energy and the piping of deepsea 

liquefied gas and oil. All of these resources need to be 

gathered with the greatest of care for the sake of the 

precarious oceanic environment and respect for the 

dangers that the oceans can pose for personnel working 

in these remote locations. 

Fabrications placed on the seabed need to be dura-

ble and reliable to ensure the safety of personnel while 

avoiding any environmental disasters that could result 

from faulty machinery.

Highlighted below are six of the most challenging 

issues companies might face when producing hydraulics 

to be used within the subsea industry.

Remote locations
Many oil and gas wells are located off the coast of remote 

parts of Australia or South America, thousands of miles 

away from the cities where the hydraulic cylinders are 

manufactured. The main base is often an oil rig or float-

ing LNG station many miles out in the sea. Beneath this 

base the fabrication being placed on the seabed can be 

hundreds of meters under water. The hydraulics used in 

these fabrications are among the most remote hydraulic 

systems in the world, and this means all hydraulic cylin-

ders need to be precisely designed, manufactured and 

stringently tested to ensure they work the first time with 

no room for error. There is no scope for simply return-

ing faulty machinery to the factory for repairs. 

Long operating periods
Many subsea fabrications will be in place for decades. 

Hydraulics need to be able to work at the end of this 

time, sometimes having been immobile for the opera-

tion’s duration. For example, the locking mechanisms 

of subsea connectors use hydraulics to move locks into 

place. These can stay locked for up to 25 

years and then need to be fully functional 

to be unlocked at the end of this period. 

Therefore, any machinery needs to be 

manufactured to last, with highly robust 

systems requiring very little and prefera-

bly no maintenance. This means that all 

coatings have to be of the utmost quality. 

Hydraulic cylinder manufacturers might 

make use of a special Everslik coating 

that has a solid lubricant in the top layer, 

giving a top-quality resistance to abrasion 

from the friction of moving parts. This 

can be used both on the outside and on 

interior valves to make the system remain 

in good working order for long periods. 

Marine growth and corrosion
Long operating times present another 

challenge—corrosion from sea salts as 

well as natural marine growth, which can 

overpower fabrications, rendering them 

Six unique challenges of  
subsea cylinders     

Subsea hydraulics need to stand the test of time. 

The locking mechanisms of subsea connectors use hydraulics to move locks into place 

and can stay locked for up to 25 years. They need to be fully functional to be unlocked 

at the end of this period. (Source: Apex Hydraulics)
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immobile. There are several materials that can be used 

to prevent both of these problems. Ceramic hydraulic 

rods resist the growth of algae and other marine plants. 

Coatings such as Corex are twice as hard as standard 

hard chrome plating and up to five times less porous, 

making them far less susceptible to corrosion. They also 

offer a high resistance to cracking in the event of an 

impact such as a piece of debris dropping from above. 

Seals need to be tough and durable so that any marine 

growth that does occur can be scraped off by the seals as 

the rods retract without damaging the seals themselves. 

Remote operating
Subsea hydraulic systems often are placed many hun-

dreds of meters below the surface of the sea at depths 

that are impractical for a diver to reach. In these cases, 

the cylinders need to be operated remotely by an ROV. 

Cylinders with hot stab connections have been designed 

that allow an interface with an ROV, meaning the 

hydraulic system can be operated independently subsea.

Water pressure
Every 10 m (33 ft) under water exacts an additional 14.5 

psi on a structure. This means the materials used need 

to be extremely strong. In most cases, cylinder mandrels 

are made using forged steel, so the mandrels are thick 

and strong with no weaknesses that might result from 

parts being welded together. Any water that enters the 

hydraulic system will contaminate the hydraulic fluid, 

causing system breakdowns, so it is vital that seals are 

particularly strong to resist the force of the water.

Future of subsea hydraulics
As the resources of the sea continue to be mined with 

a push toward harnessing renewable energies, there 

will be an influx of money, skills and time invested in 

finding new and innovative ways to overcome the chal-

lenges of installing high-quality hydraulics in fabrica-

tions used on the seabed. The industry is likely to see 

many new technologies and materials developed in the 

coming years. 

SUBSEA TREES
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SUBSEA TREES

Dudley Gray, Craig Hume and Ron Ledbetter, INTECSEA

S
ubsea tree technology is a key element in today’s 

multiwell subsea developments. Most production 

facilities have subsea trees clustered at drill centers pro-

ducing through gathering manifolds with flowlines tied 

back to the host.

The downturn in oil prices since 2014 has led to a 

period of normalization and reset across the subsea 

business. The challenge in today’s economic climate 

is the pursuit of drastic cost reductions needed for 

subsea developments to go forward in current mar-

ket conditions.

Currently, subsea systems are too expensive, and 

deliveries are too long. Subsea trees are a large part 

of capex and therefore must be part of project cost 

adjustments. In addition, tree deliveries drive the 

drilling schedule, which is a huge part of project 

capex. The focus has to be on identifying how to 

reduce costs and delivery schedules that have resulted 

from too many unique one-off and highly customized 

end-user specific solutions. Standardization is a tool 

that can drive lower costs and shorter deliveries for 

combined project capex benefits. 

The International Association of 

Oil and Gas Producers (IOGP) has 

recognized the need for standard-

ization with Joint Industry Project 

(JIP) 33, supported by the World 

Economic Forum Capital Project 

Complexity Initiative. The intent 

of the initiative is to cut costs in 

offshore projects.

“In our industry, we have been 

eroding value by developing 

bespoke components in each of our 

projects,” according to IOGP. “Our 

vision is to achieve industry-level 

standardization to enable efficient 

cost-effective procurement and sup-

port improved delivery of safe, reli-

able and competitive projects and 

operations across the globe.”

Cultural shift required
Subsea tree standardization requires a cultural shift in 

the industry’s approach to the specification and pro-

curement of subsea trees. Collaboration between end 

users and suppliers to adopt common fit-for-purpose 

solutions is one of the most important challenges the 

industry faces. 

Although challenges with this cultural shift are unlike 

the focus on technology development, true diligence 

associated with standardization is where significant cost 

reductions will be achieved.

Hard choices and coming to agreement
In subsea, no single tree design will ever provide the 

100% solution to all project cases. However, by standard-

izing on the majority cases, the industry can align along 

functional and technical requirements such that it can 

realize the cost and schedule efficiencies of scale for a 

large percentage of new subsea projects. No new tech-

nology developments are needed for this next step.

Mature technology
Subsea tree systems technology is already mature from 

lessons learned and continuous improvement over 50 

Is standardization the key?      
Future offshore developments and deepwater production could  

benefit from a more codified approach to subsea kits.
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SUBSEA TREES INSTALLED VS. TIME AND WATER DEPTH INCREASE

FIGURE 1. Over time, subsea trees have been installed in greater water depths and have 

been designed to last longer. (Source: Wood Mackenzie)
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years of development as new discoveries across the globe 

were made. The increasing number of subsea trees 

installed over the past 50 years with the progression into 

deeper waters confirms this conclusion (Figure 1).

Figure 2 shows global subsea tree startups by region 

beginning with 2010 and extending with an estimated 

forecast through 2022. This provides more specific 

confirmation of subsea tree use in the future. With 

this many trees installed worldwide operators have had 

significant successful experience with subsea trees for 

field developments under a wide variety of operating 

circumstances. Consequently, subsea tree technology 

has evolved from the very basics into complex systems, 

having grown in both size and complexity. 

A comparison of an early technology basic tree vs. an 

example of today’s highly customized project-specific con-

figuration follows the brief descriptions of each below.

Early subsea trees
Early subsea trees were only a conduit for bringing produc-

tion to the surface for processing and an annulus for mon-

itoring. They still are, essentially. By definition, all subsea 

trees include a simple tree-to-wellhead connector interfac-

ing with the production tubing string below and a series of 

typically fail closed and/or manual (ROV) valves in both 

the production stream and the annulus access pathway. 

This was the extent of the tree equipment in the 

beginning, which at the time was satisfactory for floating 

production systems that were considered a temporary 

means of achieving early production, often intended 

only as a transitionary extended well-test phase followed 

by expanded fixed platform development.

At that time long-term life-of-field 

requirements were not considered in 

the tree design.

Step change
As more subsea trees were installed in 

early production system projects, their 

viability for longer term use gained 

acceptance. However, additional 

capabilities were needed to address 

all key considerations for any field 

development, including the reservoir 

characteristics/fluid properties and 

flow assurance over the projected life 

of the field. The requirement to design 

the subsea tree for a field life of 20-plus 

years is considered the step change 

responsible for the technology evolution 

that followed.

Today’s fully capable subsea trees can be equipped 

for downhole chemical injection, downhole gas lift, 

intelligent well completions, and downhole electrical 

and fiber-optic connectivity, among other functional 

options. All of these are associated with optimizing pro-

duction over the field life. 

Subsea tree standardization is key
As a consequence of abnormally high oil prices from 

2009 to 2014, tree cost and delivery have been disre-

garded. Additionally, subsea tree technology, although 

mature enough to cover the majority of subsea technol-

ogy needs, has resulted in increased cost and delivery 

when pushed beyond the 10,000-psi standard tree design.

Customization and the continuous pursuit of option-

ality has been eroding value by escalating cost and add-

ing to the delivery time.  

Subsea trees should be as simple as possible function-

ally such that:

• They can be delivered in the shortest lead time possible;

• Operators can reduce schedule risk exposure to the 

drilling rig completion schedule; and

• The unit cost capex can be minimized.  

Alignment on the following is key: 

• Core functional requirements;

• Material, welding and inspection specifications;

• Tree configurations that limit optionality; and

• The provision to the manufacturing community of 

the confidence to support the industry with stocking 

programs of long-lead schedule-critical components.

 To see more details of progress at IOGP, visit iogp.

org/JIP33. 
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MERITORIOUS AWARDS

FOR ENGINEERING INNOVATION

2 0 1 7  M E A  J U D G E S

An expert panel of judges has selected the top 22 industry projects that open 

new and better avenues to the complicated process of fi nding and producing 

hydrocarbons around the world.
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The E&P  editors and staff proudly present the winners 

of the 2017 Special Meritorious Awards for Engineer-

ing Innovation, which recognize service and operating 

companies for excellence and achievement in every seg-

ment of the upstream petroleum industry. The pages that 

follow spotlight the 22 winners the independent team of 

judges picked that represent a broad range of disciplines 

and address a number of problems that pose roadblocks to 

effi cient operations. Winners of each category are products 

that provided monumental changes in their sectors and 

represented techniques and technologies that are most 

likely to improve artifi cial lift, drillbits, drilling fl uids/stim-

ulation, drilling systems, exploration, fl oating systems and 

rigs, formation evaluation, HSE, hydraulic fracturing/pres-

sure pumping, intelligent systems and components, IOR/

EOR/remediation, nonfracturing completions, subsea sys-

tems, and water management effi ciency and profi tability. 

This year some of the brightest minds in the industry 

from service and operating companies entered excep-

tionally innovative products and technologies that 

have now been measured against the world’s best to be 

distinguished as the most groundbreaking in concept, 

design and application.  

The award program recognizes new products and technol-

ogies designed by people and companies who understand the 

need for newer, better and constantly changing technological 

innovation to appease the energy-hungry world. 

The winners were selected by an expert panel of judges 

comprising geologists, geophysicists, petrophysicists and 

engineers from operating and consulting companies world-

wide. Each judge was assigned a category that best called 

on his or her area of expertise. Judges whose companies 

have a business interest were excluded from participation. 

The products chosen by the judges represented the best of 

a long list of winners.

E&P would like to thank these distinguished judges for their 

efforts in selecting the winners in this year’s competition.

As in past years, E&P  will present the 2017 awards at the 

Offshore Technology Conference in Houston.

An entry form for the 2018 Special Meritorious Awards 

for Engineering Innovation contest is available at EPmag.com. 

The deadline for entries is Jan. 31, 2018.
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ARTIFICIAL LIFT WINNER

ZEITECS, A SCHLUMBERGER COMPANY  |  SHUTTLE RIGLESS ESP REPLACEMENT SYSTEM

Electric submersible pumps (ESPs) are traditionally 

run on jointed tubing, with rigs or heavy workover 

hoists pulling out the production string whenever the 

ESP must be replaced. The production deferment result-

ing from waiting for rig availability and the increase in 

operating expense erodes asset value and increases own-

ership costs.

The plug-and-play design of the ZEiTECS Shuttle 

Rigless ESP Replacement System enables standard ESP 

assemblies to be retrieved and redeployed without a rig 

by using wireline, coiled tubing or sucker rods. 

The downhole electrical wet-connector technology 

allows standard ESPs to be shuttled through tubing 

without a rig or hoist. The system comprises two main 

assemblies: the retrievable ESP string and a tubing-de-

ployed semi-permanent completion that includes a 

docking station. 

The docking station houses three electrical wet connec-

tors that supply power to either a standard three-phase 

AC induction motor or a permanent magnet motor. A 

landing surface bears the weight of the retrievable string 

and the reactive forces gen-

erated by the ESP. An offset 

throughbore allows reser-

voir access.

A seal assembly atop the 

retrievable string incorpo-

rates two cup-type packers 

to prevent recirculation 

between the pump intake 

and discharge. The assem-

bly incorporates slips to 

transfer some of the ESP 

forces to the tubing to pre-

vent undue compression of 

the pump stack. An auto-

matic flow bypass drains the 

tubing upon retrieval.

The technology makes it 

feasible to deploy test ESPs to clean up wells and mea-

sure reservoir productivity before upgrading to a lift sys-

tem optimized for well conditions. n

Polycrystalline diamond compact (PDC) bits have 

become the dominant bit type in the oil and gas 

industry, drilling more than 90% of the worldwide 

footage. Much of this progress has come from the 

innovations made to PDC cutters, yet almost all of the 

improvements have been to the polycrystalline dia-

mond materials, with little changes made to the cylin-

drical shape.

As drilling applications become more challenging, new 

cutting element design such as the AxeBlade ridged dia-

mond element is needed to make step changes in perfor-

mance for all formation types. 

The ridged shape of Axe elements cut rock in a new 

way—with a combination of the shearing action of a 

conventional PDC cutter and the crushing action of a 

tungsten carbide insert in roller cone bits. This cutting 

method enacts a higher concentration of stress at the 

ridge to improve cutting efficiency and achieve at least 

22% deeper penetration, removing more formation to 

provide higher instantaneous ROP when using the same 

weight on bit and rpm applied to conventional PDC 

cutters. The unique shape 

also reduces the cutting 

force required by about 

30%, which translates to 

less overall torque, min-

imized reactive torque 

fluctuations and improved 

toolface control in direc-

tional applications. 

In addition to the 

unique shape, the dia-

mond table is 70% thicker 

than that of a conventional 

cutter and comprises a 

proprietary polycrystalline 

diamond-grain-size distri-

bution. This combination 

gives the Axe element 

increased frontal impact 

resistance and enhanced 

heat dissipation. n

The shuttle system simplifies 

ESP replacement and reduces 

lifting costs. (Source: ZEiTECS)

The AxeBlade ridged diamond 

element bit cuts rock by 

combining the shearing action 

of a PDC bit with the crushing 

action of tungsten carbide 

inserts found in roller cone bits. 

(Source: Schulumberger)

DRILLBITS WINNER

SMITH BITS, A SCHLUMBERGER COMPANY  |  AXEBLADE RIDGED DIAMOND ELEMENT BIT
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Difficult drilling environments such as hard and abra-

sive carbonates and interbedded formations often 

push the reliability limits of a drilling system for a bit and 

bottomhole assembly due to various downhole dysfunc-

tions—this ultimately extends the time and costs of the 

drilling operation. The Baker Hughes Kymera XTreme 

(XT) hybrid drillbit was designed with these challenges 

in mind. 

By combining advanced engineering, customized 

application guidelines and the industry’s most advanced 

hybrid bit designs, the Kymera XT delivers better drill-

ing performance through challenging formations—with 

higher ROP, extended bit life and less downtime.  

The hybrid bit design combines the shearing action 

and speed of polycrystalline diamond compact (PDC) 

bits with the stability control of tricone bits. This hybrid 

design allows the roller cone to pre-crush the rock, weak-

ening the formation and allowing the PDC portion to 

improve upon shearing aggressiveness over conventional 

bits while minimizing vibrations with fewer downhole 

tool failures. The bit also is designed to minimize stick/

slip, provide efficient torque management and deliver 

precise steering and toolface control while drilling the 

curve and/or the vertical sections—all while requiring 

less specific energy to remove the rock. n

As producing wells mature, they commonly experi-

ence a buildup of paraffin, asphaltenes, inorganic 

scale and emulsions in the near-wellbore area. If left 

unchecked, this buildup leads to formation damage, 

or skin, that restricts the flow of fluids and gases.  

The result: decreased production, increased lifting 

costs and, ultimately, the unavoidable choice to shut in 

the well.

A series of new chemicals for near-wellbore damage 

(CND) from Baker Hughes offers operators a viable 

repair alternative without the adverse side effects caused 

by traditional remediation methods. The CND treat-

ments help restore wells to a healthy, productive 

state by removing multiple skin damage problems 

with a single, time-saving treatment.

The CND remediation treatments are made 

from specially formulated multifunctional 

microemulsions with ultralow interfacial ten-

sion, high oil solubilization and high water-wet-

ting of solid surfaces. 

The CND treatments can be used in conventional 

and unconventional mature fields, gas storage 

wells, production and injection wells, and disposal 

wells. These products also can be combined with 

acids used in traditional stimulation methods to 

protect against common side effects such as asphal-

tene destabilization and rigid film emulsions. n

DRILLBITS WINNER

BAKER HUGHES  |  KYMERA XTREME HYBRID DRILLBIT

DRILLING FLUIDS/STIMULATION WINNER

BAKER HUGHES  |  CND500 MULTIFUNCTIONAL MICROEMULSION NEAR-WELLBORE TREATMENT

New hybrid bit design combines the shearing action and speed 

of PDC bits with the stability control of tricone bits. (Source: 

Baker Hughes)

Within hours of application the CND treatment removes years of skin 

damage, cleans the near-wellbore area, water-wets the formation and 

restores fluid communication. (Source: Baker Hughes)
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OpenPath Sequence Diversion Stimulation Service is 
the first in the industry to use degradable fibers to 

suspend degradable multimodal particles—a combina-
tion that enables the sequential stimulation of zones and 
intervals to maximize near-wellbore coverage.

The service relies on composite pills that combine degrad-
able fibers and multimodal particles. Particles alone—for 
example, conventional rock salt and benzoic acid divert-
ers—are not always effective in isolating fractures of various 
sizes, but fibers bridge the gaps and capture the multimode 
particles to create impermeable temporary plugs that fully 
dissolve after stimulation operations are completed. Because 
the diversion method is chemical rather than mechanical, 
OpenPath Sequence service is fast, easy and effective for 
both cased and openhole completions.

To optimize stimulation response, OpenPath Sequence 
service uses the optimal acid identified for a particular 
reservoir to sequentially stimulate targeted zones and 
intervals. The service is compatible with conventional 
acid, engineered acid designed specifically for OpenPath 
Sequence service and other proprietary acid systems.

The diversion technology can withstand differential 
pressure up to 4,500 psi for acid fracturing or matrix stim-
ulation treatments. No specialized equipment is required, 
streamlining operations and reducing HSE risks as com-
pared with conventional chemical diversion methods.

After treatment, the proprietary blend of fibers and 
particles fully degrades within hours or days at downhole 
temperatures from 54 C to 149 C (130 F to 300 F) with-
out further intervention. n

Stuck-pipe situations have traditionally been a challenge 
for the oil and gas industry, causing costly interrup-

tions, mobilization wait times and uncertain recovery 
attempts. As typical rescue operations can take weeks on 
end, downtime can cost operators $10,000 to $1 million 
per day, resulting in millions of dollars lost. Given the cur-
rent low-oil price environment and the pressing need to 
improve efficiency across the industry, operators are even 
more determined to reduce the impacts associated with 
stuck pipe.

Churchill Drilling Tools’ HyPR HoleSaver cuts costs 
significantly by enabling operators to free stuck pipe 
and commence operations in a few hours instead of 
using traditional methods, which are lengthy, costly  
and unreliable. 

The system consists of a robust full-strength sub, which 
offers exceptional strength in both tension and compres-
sion with absolutely no pre-installed weak points and is 
strategically positioned in the drillstring for maximum 
effectiveness. When a stuck-pipe situation occurs, the tool 
is activated by pumping down a HyPR HoleSaver dart 

that directs a precise and 
powerful milling jet at 
velocities more than 91 
m/s (300 ft/s) to sever 
the HyPR HoleSaver sub. 
The dart takes only a few 
minutes to arrive, and with 
about two hours of pump-
ing, the sub will part easily, 
simultaneously producing 
a perfect fish-neck for sub-
sequent operations. n

DRILLING FLUIDS/STIMULATION WINNER

SCHLUMBERGER  |  OPENPATH SEQUENCE DIVERSION STIMULATION SERVICE

DRILLING SYSTEMS WINNER

CHURCHILL DRILLING TOOLS   |  HYPR HOLESAVER

OpenPath Sequence Diversion Stimulation Service uses the optimal 

acid identified for a particular reservoir to sequentially stimulate 

targeted zones and intervals. (Source: Schlumberger)

The HyPR HoleSaver is an  

explosives-free dart,  

beneficial in regions where 

explosives are very strictly 

controlled, requiring 

extensive red tape and  

further delays. (Source:  

Churchill Drilling Tools)
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The Schlumberger PowerDrive Orbit Rotary Steerable 

System (RSS) was designed to make major improve-

ments in drilling efficiency and steering precision. The 

objective of the design was twofold. The first was to 

develop a tool capable of operating 

in challenging environments. The 

second was expanding the oper-

ating window to enable drilling to 

total depth in a single trip. The 

PowerDrive Orbit RSS successfully 

met these objectives in both con-

ventional and complex environ-

ments across the globe.

The noticeable visual difference 

with the PowerDrive Orbit RSS is 

the reengineered actuation pads 

arrayed around the bottom por-

tion of the tool. These improve 

steerability by maintaining a 

controlled steering force in the desired direction 

and inclination. The metal-to-metal sealing tolerates 

the most complex drilling fluids and challenging 

hydraulics. The technology’s motorized configuration 

achieves and maintains rotation speeds up to 350 rpm 

for a better drilling performance while still main-

taining directional control and 

consistent steerability. This rep-

resents a 59% increase in rotation 

speed. Additionally, six-axis roll 

stabilized continuous azimuth and 

inclination data deliver multi-axial 

trajectory control.

The PowerDrive Orbit RSS 

is programmable to follow any 

designed trajectory while still 

allowing operator adjustments 

in reaction to real-time measure-

ments during drilling. The Power-

Drive Orbit RSS contains its own 

near-bit extended range gamma 

ray measurements to provide additional well-position-

ing data for real-time decision-making. n

Managing reservoir development requires precise 

knowledge of the formation structure. Operators 

use seismic surveys with their large depth of investigation 

to map entire fields, but such data lack vertical resolu-

tion. Seismic images can be complemented with bore-

hole imaging logs, which have much higher resolution. 

However, borehole imaging is limited to mere fractions 

of an inch near the borehole wall.

The Baker Hughes Deep Shear Wave Imaging (DSWI) 

processing service helps 

resolve some of this 

ambiguity. This acoustic 

acquisition and processing 

method uses body waves 

generated by an acoustic dipole source to map sub-seis-

mic faults and fractures that would otherwise be invisible 

with conventional borehole imaging and surface seismic 

techniques. The service enables operators to gain critical 

insight of the reservoir structure, with high-resolution 

images of formation features located up to 30.5 m (100 

ft) away from the borehole.

The DSWI service provides an image of the reflective 

feature, its distance away from the borehole, its mag-

nitude of reflection and its strike orientation. These 

features can then be easily integrated into the reservoir 

model. The processing workflow is optimized to reduce 

the amount of manual input for interpretation, which 

subsequently reduces turnaround time—in some cases, 

down to as little as 48 hours.

The DSWI processing relies on the XMAC F1 acoustic 

service. The XMAC F1 service’s dipole source operates 

at roughly two orders higher frequency than surface seis-

mic. Shear waves generated by the dipole source respond 

to smaller scale features that are typically missed with 

seismic services. n

DRILLING SYSTEMS WINNER

SCHLUMBERGER  |  POWERDRIVE ORBIT ROTARY STEERABLE SYSTEM

EXPLORATION WINNER

BAKER HUGHES  |  DEEP SHEAR WAVE IMAGING

The PowerDrive Orbit RSS provides operators  

with enhanced trajectory control for  

precision positioning while drilling.  

(Source: Schlumberger)

The DSWI processing service 

uses body waves generated 

by an acoustic dipole  

source to map sub-seismic 

faults and fractures. (Source: 

Baker Hughes)

http://EPmag.com


EPmag.com   |   May 2017 87

MERITORIOUS AWARDS

FOR ENGINEERING INNOVATION

Since the introduction of 3-D seismic data for hydrocar-

bon exploration, geoscientists have looked to create 

robust reservoir models from seismic. “Seismic inversion” 

evolved to realize this goal, but results often were unreliable.

It was realized that rock physics relationships, typi-

cally different per rock type, were not used adequately 

in existing methods. A collaboration between Ikon 

Science Ltd., Tullow Oil Plc and CSIRO successfully 

addressed these limitations. Using a geology-centric 

approach, RokDoc Ji-Fi integrates regional geological 

prior information in the inversion of seismic data. The 

result: quantitative predictions of rocks and fluids, a step 

change in delivered value.

Designing an algorithm that delivers both rock proper-

ties and rock type while handling seismic noise and other 

imperfections is complex. To best approach this, Ikon Sci-

ence linked up with CSIRO to develop the mathematical 

and computational methods required for this new seismic 

inversion algorithm and partnered with Tullow Oil to 

sponsor, guide and test this R&D project over a two-year 

period on real development and production projects.

RokDoc Ji-Fi 

results provide bet-

ter models of rock 

properties and 

rock types, mini-

mizing subsurface 

risk (especially 

in exploration) and maximizing reward from accurately 

defined oil accumulations (most relevant to production 

and exploitation). n

Multiphysics joint inversion with 

seismic represents one of the 

most promising areas of interdisci-

plinary investigation in geophysics, 

capable of providing important 

breakthroughs in the future for 

enhancing velocity discrimination 

in complex geology exploration 

and better fluid discrimination 

in reservoir characterization and 

monitoring. The Multi-Physics 

group of Saudi Aramco has devel-

oped joint inversion applications 

with electromagnetics (EM) and 

gravity for subsalt imaging and salt 

overburden velocity discrimination 

as well as stunning resolution in 

near-surface velocity model build-

ing. A range of applications was 

used for subsalt exploration in the 

Red Sea to provide high-resolution 

velocity mapping of the near sur-

face through helicopter-borne tran-

sient EM (TEM) in joint inversion 

with seismic. The helicopter TEM 

seismic joint inversion results, in 

particular, have attracted attention 

from the industry players as the first 

EM method showing resolution 

comparable or superior to seismic 

reflectivity. The integration of  

the EM with seismic through  

joint inversion provided sharp 

velocity models able to enhance 

the seismic data and achieve higher 

resolution of faults and structures 

after depth migration. The method 

is particularly effective for the 

exploration of complex geology 

where seismic data are noisy and 

unable to provide a robust velocity 

model building. n

EXPLORATION WINNER

IKON SCIENCE  |  ROKDOC JI-FI

EXPLORATION WINNER

SAUDI ARAMCO  |  SEISMIC AND EM JOINT INVERSION 

The RokDoc Ji-Fi  

facies-based  

inversion (top) is  

compared to a  

model-based  

simultaneous  

inversion followed by 

Bayesian classification 

to facies (bottom). 

(Source: Ikon Science)

The application of a refraction statics 

approach (top) is compared to the gravity 

seismic joint inversion modeling and wave 

equation datuming (bottom). Most of the  

distortions introduced by the complex  

shallow section affected by karsting have 

been removed. (Source: Saudi Aramco; from 

Colombo et al., 2010).
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In the development of remote offshore oil or gas fields 
with minimal or no infrastructure, an FPSO vessel is 

the preferred option. The FPSO unit has the advantage 
of providing the required storage in the hull and direct 
offloading to tankers of opportunity.

Steel catenary risers are the 
preferred option in wet-tree appli-
cations due to their simplicity, 
robustness and low capex and opex 
compared to other riser options. 
However, due to its relatively high 
dynamic motions, an FPSO unit is 
not a feasible host for steel catenary 
risers in most environments. 

The sail area of the conventional 
ship-shaped FPSO unit in relatively 
harsh and multidirectional environ-
ments mandates the use of a turret 
system to help facilitate the mooring 
system design. The turret cost is nor-
mally $300 million to $700 million. 

The LM-FPSO design was developed to maintain the 
advantages of the conventional FPSO units while offering 
superior motion response suitable for steel catenary ris-
ers and top-tensioned risers in very harsh environments. 
The shape of the LM-FPSO hull allows the use of a con-

ventional spread-mooring system 
and eliminates the need for the 
expensive turret and swivel system 
and their associated opex. 

As a byproduct of the motion 
response, the LM-FPSO offers 
improved process safety, helicopter 
operability and onboard habit-
ability. The LM-FPSO also offers 
significantly improved stability, less-
ening its sensitivity to weight and 
vertical center of gravity variation. 
Such variations have historically 
been one of the highest risk ele-
ments to a project’s execution cost 
and schedule. n

In the oil industry there is a critical need for deep inter-
well rock/fluid characterization with the objective to 

maximize production by identifying potentially bypassed 
hydrocarbon accumulations. This is critical in the case of 
fractured carbonate reservoirs and in any instance where 
the sweep efficiency is likely to be uneven due to hetero-
geneities of petrophysical properties, particularly in the 
permeability field.

Saudi Aramco and Schlumberger joined forces in an 
R&D collaboration to boost the advancements of an 
emerging electromagnetic (EM) technology and apply a 
first-of-its-kind field survey to map saturation in the inter-
well volumes of widely spaced horizontal wells. Crosswell 
EM is a technology that provides the interwell resistivity 
distribution applied in widely spaced horizontal wells in 
Saudi Arabia for mapping reservoir saturation.

This project deployed the DeepLook-EM system simul-
taneously in two horizontal wells using coiled tubing con-
veyance and established performance records for the tool 
measurements spacing and logging interval and recorded 
the first 3-D resistivity image from crosswell EM data.

Collected resistivity data are interpreted together with well-
bore logs to provide interwell comprehensive reservoir water 
saturation with the objective to evaluate sweep efficiency and 
ultimately maximize oil production and recovery. n

FLOATING SYSTEMS AND RIGS WINNER

INTECSEA, WORLEYPARSONS GROUP  |  THE LOW MOTION FPSO TECHNOLOGY, “LM-FPSO”

FORMATION EVALUATION WINNER

SAUDI ARAMCO  |  3D MAPPING OF RESERVOIR SATURATION FROM CROSSWELL  
EM IN HORIZONTAL WELLS

The performance of the LM-FPSO was confirmed 

by a five-week comprehensive model testing 

program at the Korean Research Institute for 

Ships and Ocean Engineering. The test was 

completed Nov. 18, 2016. (Source: Intecsea, 

WorleyParsons Group)

A 3-D resistivity  

inversion cube from 

the crosswell EM survey 

between a horizontal 

water injector and 

an oil producer pair, 

spaced 1.3 km (.80 

mile) apart, is shown. 

Dark blue zones (less 

than 2 ohm·m)  

represent reservoir volumes swept by the injected water. The water 

injection front is clearly not uniform in this case of relatively tight 

matrix carbonate reservoir with highly conductive fracture corridors. 

A newly drilled slanted well in the interwell area (white trajectory) 

entered an unswept zone of the reservoir targeting a bypassed oil 

column within the interwell swept area. (Source: Saudi Aramco)

http://EPmag.com


EPmag.com   |   May 2017 89

MERITORIOUS AWARDS

FOR ENGINEERING INNOVATION

Chemical and radioactive tracers have been used for 
decades in the oil industry to track injected fluids as 

passive (to map interwell permeable paths) and active 
(by detecting residual oil saturation tracers). These con-
ventional tracers have many drawbacks, including:

• High cost (about $3,000/kg); 
• Time-consuming sample collection with high safety 

hazards for both collection and transportation; and
• Lengthy laboratory analysis (about eight weeks), 

which often can mean loss of data integrity.
All of these drawbacks can be successfully eliminated by 

using Multi-Functional Nano-Tracers (MFNTs) with real-
time in situ detection. These MFNTs can be “bar coded” by 
functionalization to 100 or more unique tracer types and 
can be detected in situ directly from a wellhead or from 
multiple tracer-injected commingled wells simultaneously. 
The MFNTs show low reservoir retention, are inexpensive 
and environmentally friendly, pose zero safety hazards, 
and can be detected with no sample preparation in situ 
in the parts per quadrillion range, making simultaneous 
unique tracer detection from multiple commingled wells 

immediate and 
effective. With 
these qualities, the 
MFNTs turn the 
above drawbacks 
into a highly advantageous and profitable enterprise.

Upon its completion, the MFNT project will provide 
a reservoir tracer revolution with respect to cost, time 
and efficiency. Every well in a reservoir could effectively 
be traced with limited cost and immediate data analysis 
onsite. Saudi Aramco is the first oil industry company to 
use nanotechnology to completely modernize the prac-
tice of oil well tracers, making it not only cost-effective 
but efficient, safe and easy. n

Halliburton has developed the 
ExpressKinect manifold and 

the ExpressKinect wellhead connec-
tion unit (WCU), creating a step 
change in rigup efficiency and safety 
on site. 

The ExpressKinect manifold incor-
porates a simple yet reliable design, 
eliminating 75% of the pumping 
unit connections. This drastically 
reduces HSE exposure, the time 
required for rigup and rigdown and 
the number of potential leak points. 
In addition, the system provides 
inherent lift assistance, reducing the 
lifting requirement by 77% down to just 70 lb per pump. 

The ExpressKinect WCU features a single treating 
line, which connects to the wellhead by a hammerless 
hydraulic remote connector. This eliminates the need 
for numerous separate lines and connection points, 
making rigup much faster and safer and removing 

multiple potential leak points. This 
unit is rated for 100 bbl/min and 
15,000 psi. The system features an 
integral knuckle-boom crane to 
easily manipulate the high-pressure 
manifold arm. 

During multiwell operations, the 
ExpressKinect WCU single line 
manifold is efficiently swapped from 
one well to the next in minutes. The 
wellhead adapter is compatible with 
wireline units, eliminating the need 
for expensive and complex zipper 
manifolds. The ExpressKinect WCU 
eliminates more than 30 hammer 

connections and 10 overhead lifts for each wellhead, 
enabling a safer, more efficient operation at the well site. 
A conventional two-well 100-bbl/min stimulation job 
requires 170 connections, with 12 of those at an elevated 
height. The ExpressKinect WCU reduces the total con-
nections to 36, with no elevated height connections. n

FORMATION EVALUATION WINNER

SAUDI ARAMCO  |  MULTI-FUNCTIONAL NANO-TRACERS WITH IN-SITU DETECTION

HSE WINNER

HALLIBURTON  |  EXPRESSKINECT SYSTEM

MFNTs can be  

bar coded by  

functionalization to  

100 or more unique 

tracer types. (Source: 

Saudi Aramco)

The ExpressKinect manifold incorporates 

a simple yet reliable design, eliminating 

75% of the pumping unit connections. 

(Source: Halliburton)
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AvantGuard Advanced Flowback Services optimize 

well performance from post-stimulation operations 

through production. Ongoing, real-time monitoring 

ensures the well is performing within a secure operating 

envelope (SOE)—protecting both the hydraulic fractures 

and return on investment during the lifetime of the well.

AvantGuard services are based on the application of 

the SOE, which is a combination of operational param-

eters that preserve the connection between hydraulic 

fractures and the wellbore. Operational parameters are 

defined from real-time pressure and production data, 

including solids production monitoring.

Damage to the well and the formation is actively pre-

vented by tailoring a predictive flowback design strategy with 

a defined SOE—compared with conventional rate transient 

analysis used for identifying post-fracture impairment.

Changes in production rates are measured using the Vx 

Spectra surface multiphase flowmeter, which accurately 

captures multiphase flow dynamics in any flow regime for 

all fluid and solid types. Ongoing monitoring with real-time 

analysis minimizes proppant flowback and solids production.

Application of AvantGuard services for predictive 

flowback design during the transition to production 

protects and stabilizes hydraulic fractures to efficiently 

enable all the clusters in each zone to produce without 

productivity impairment. n

Evolution Well Services is a pres-

sure pumping company with a 

focus on hydraulic fracturing that 

uses 100% electrically powered pro-

cess equipment. The electric power 

is generated by burning natural gas 

through a customized-for-purpose 

GE TM2500+ turbine system that 

has significant economic and envi-

ronmental benefits. 

The ability to use multiple fuel 

types such as field gas offers the high-

est amount of fracturing cost reduc-

tion potential. 

For primary equipment, Evolu-

tion Well Services uses a blender 

with ambidextrous suction/dis-

charge capability with rate capacity 

of up to 240 bbl/min on dual 120 

bbl/min sides. The hydration unit 

is designed for 200-bbl capacity with compartmentalized 

sections for maximum mixing 

energy and dual gel pumps.  

The chemical additive system 

uses low- and high-rate pumps and 

flowmeters for accurate monitoring 

and control.  Fracturing pumps are 

mounted with dual pumps on each 

trailer capable of delivering up to 

5,000 hhp per trailer while also 

offering a 40% to 50% reduced 

location footprint.  

Strategically placed remote-con-

trolled cameras monitor equip-

ment and allow the removal of 

all personnel from high-pressure 

areas, exposure to chemical haz-

ards and silica dust. With fewer 

needs for personnel, Evolution 

Well Services is able to reduce the 

amount of onsite personnel by 

60% vs. conventional fracturing fleets. n

HYDRAULIC FRACTURING/PRESSURE PUMPING WINNER

SCHLUMBERGER  |  AVANTGUARD ADVANCED FLOWBACK SERVICES

HYDRAULIC FRACTURING/PRESSURE PUMPING WINNER

EVOLUTION WELL SERVICES  |  100% ELECTRIC FRACTURING SERVICES

Schlumberger’s AvantGuard Advanced Flowback Services  

optimize production in fractured wells through predictive  

flowback design strategies. (Source: Schlumberger)

Evolution Well Services’ Electric Fracturing  

Services offer cost-reduction potential through 

its electrically powered process equipment. 

(Source: Evolution Well Services)
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Determining the representative 

composition of saturates, aromat-

ics, resins and asphaltenes (SARA) 

is necessary for field development 

planning—from the reservoir to the 

wellbore to the pipeline. With many 

critical decisions relying on these data, 

it is important to determine the com-

position accurately the first time and 

every time. Even slight variances in the 

accuracy of SARA measurements can 

cause detrimental damage across the 

life of a field and incur significant cost 

and nonproductive time.

With the launch of Maze Micro-

fluidic SARA Analysis, operators can 

achieve highly accurate measure-

ments on every oil sample, across 

all laboratories, with a smaller envi-

ronmental footprint. This new tech-

nology is powered by the oil and gas 

industry’s first commercial applica-

tion of microfluidic chip technology, 

which has been accepted by ASTM 

International Standard D7996 as  

the best test procedure for measur-

ing asphaltenes.

Conventional technology for SARA 

analysis is cumbersome (requiring 

substantial laboratory space and appa-

ratus), time-consuming (taking nearly 

a week to complete) and highly depen-

dent on technician subjectivity (caus-

ing laboratory-to-laboratory variability 

in the results). The process is demand-

ing on the laboratory technical staff 

and equipment without providing con-

sistent data. 

Maze analysis removes the previous 

analytical and operational barriers, 

improving precision and reducing 

turnaround time by more than 85%. n

Excessive 

undesired 

fluid produc-

tion is a wide-

spread problem 

that can detri-

mentally affect 

the profitability 

of hydrocar-

bon-producing 

reservoirs and 

limit their economic lives. A variety of chemical technol-

ogies have been implemented for controlling unwanted 

fluid production with some degree of success. 

However, when these types of treatments are applied 

to horizontal or highly deviated wells, placement control 

becomes a critical factor. Depending on fluid density 

differences and wellbore deviation, conventional confor-

mance treatments might slump or rise along horizontal 

sections, compromising the placement accuracy and 

overall treatment success.

EquiSeal Conformance Service is a custom sealant sys-

tem designed to help control unwanted fluid production 

in horizontal or highly deviated wellbores. The stress- 

dependent rheological properties of the EquiSeal service 

provide rapid viscosity increase during placement, allow-

ing the treatment to remain in place until in situ cross-

linking occurs at a predicted time. This helps provide a 

competent and precise seal across the targeted area. 

EquiSeal service can be placed in the wellbore by 

bullheading or using a coiled tubing unit. For wellbore 

cleanout, the service can be washed out of the wellbore 

as compared to cement, which must be drilled out. 

The system provides a wide application temperature 

range and is resistant to hydrogen sulfide, CO
2
 and 

acid environments.

Once it is placed into the zone to be shut off, in situ 

gelation is activated by the reservoir temperature, plug-

ging the permeability of the treated area and limiting 

undesired fluid flow. This system can be formulated to 

allow penetration into the formation matrix or to bridge 

off at the formation face for limited leakoff. n

INTELLIGENT SYSTEMS AND COMPONENTS  WINNER

SCHLUMBERGER  |  MAZE MICROFLUIDIC SARA ANALYSIS

IOR/EOR/REMEDIATOIN WINNER

HALLIBURTON  |  EQUISEAL CONFORMANCE SERVICE

In the laboratory and in the field  

microfluidic chip technology  

symbolizes the future of reservoir fluid 

analysis. (Source: Schlumberger)

EquiSeal Conformance Service is placed with 

the aid of coiled tubing and uses packers to 

isolate the targeted area. (Source: Halliburton)
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The GelBlock temporary annu-

lar isolation system provides a 

strong but temporary cement-like 

barrier for short-term economical 

isolation during enhanced hydro-

carbon recovery. The barrier is 

produced with refracturing and 

recompletion operations and 

allows more of the reservoir to be 

accessed while leaving existing flow 

paths connected.

The water-based GelBlock system 

is engineered and pumped as a 

viscous slurry. The system uses Baker Hughes’ patented 

guar-based chemistry and can be applied at temperatures 

ranging from 52 C to 121 C (125 F to 250 F). 

Setup time is engineered based on bottomhole tempera-

ture. Shortly after exposure to downhole temperatures, 

the slurry hardens into a solid that can be used to tempo-

rarily isolate a zone. After the refracturing operation, a 

fast-acting breaker dissolves the hardened material into a 

low-viscosity liquid that is easily circu-

lated out with production flow. 

Formation isolation and coverage 

is more operationally efficient and 

less costly than cement or mechani-

cal means.

Unlike mechanical isolation meth-

ods, GelBlock has expandable liners. 

Its simplicity and lack of reliance on 

pipe can reduce average overall cost 

by at least 30% and cover longer later-

als than what is currently feasible with 

mechanical isolation options. Addi-

tionally, less equipment on location lowers environmental 

footprint. Reliability and risk mitigation are improved 

because there is no threat of overlapping pipes or pipe gaps.

GelBlock’s temporary isolation allows access to new 

and existing zones of the reservoir for increased ultimate 

recovery. Its flexibility also makes it a key component, 

with other Baker Hughes refracturing technologies, of 

valuable integrated solutions. n

Halliburton’s Endurance Hydraulic Screen offers 

an alternative to traditional methods of compliant 

sand control such as gravel packing and mechanically 

expanded screens.

With the Endurance Hydraulic Screen, openhole compli-

ant sand control has been achieved using hydraulic technol-

ogy, which is activated by surface-applied pressure that takes 

no more than one hour of rig time. The screen enables 

operators the opportunity to complete sand-plagued wells 

more efficiently by reducing completion time, complexity, 

cost and risk compared to traditional methods.

When compared to expandable sand screen systems, 

hydraulic activation achieves wellbore compliance 

without the need for an expansion trip to mechani-

cally yield the screen basepipe. A reservoir isolation 

barrier also can be run in the same trip when expand-

able sand screens require an additional intermediate 

completion trip. 

The Endurance Hydraulic Screens are manufactured 

with industry standard solid tubular basepipe, retaining 

the original geometry and strength after the screen filter 

media is activated against the borehole. This helps pro-

vide the capability to withstand high deple-

tion and geomechanical loading scenarios.

Early deployments have proven single-trip 

capability and integration of standard 

equipment, including openhole isolation 

packers and reservoir isolation barriers. The 

basepipe geometry is unaffected post-activa-

tion and is well-equipped to accommodate 

reservoir inflow and management using 

intelligent completion equipment. n

IOR/EOR/REMEDIATION WINNER

BAKER HUGHES  |  GELBLOCK TEMPORARY ANNULAR ISOLATION SYSTEM

NONFRACTURING COMPLETIONS WINNER

HALLIBURTON  |  ENDURANCE HYDRAULIC SCREEN

The GelBlock annular isolation system provides 

a cement-like barrier during hydrocarbon  

recoveries. (Source: Schlumberger)

The Endurance Hydraulic Screen delivers sand control completion with reservoir 

compliance and positive wellbore support. (Source: Halliburton)
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Stricter BOP testing protocols promise to help detect 

potential problems before they present a danger to 

rig workers or the environment. However, depending 

on the depth of a well, BOP testing takes on average 

between 24 and 60 hours each time the test is conducted. 

That means that every 14 days a rig experiences two days 

or more of idle time while the operator continues to pay 

the daily rental rates for equipment and crews. Those 

fees can run into the thousands of dollars if not hun-

dreds of thousands of dollars, every day.

Nearly two years ago, R&D company Samoco Oil Tools 

partnered with a major in the offshore industry to create 

a tool designed to cut tripping time in half during BOP 

testing. The result was the OneTrip BOP testing tool.

OneTrip’s cost is comparable to competitors’ BOP 

testing tools, and the low-torque, high-pressure design 

ensures a resilient downhole seal that can withstand the 

harshest subsea conditions. OneTrip is designed and 

validated to withstand 25,000 psi and is verified to sustain 

a load up to 1.2 million pounds. In addition, OneTrip’s 

technology allows the tool to remain downhole until 

BOP test results are confirmed satisfactory, and if for any 

reason initial results are not satisfactory, the tool is posi-

tioned to immediately retest the BOP. n

High-density polyethylene 

(HDPE) pipe’s low cost, ease 

of installation and resistance to 

corrosion and decay makes it an 

ideal choice in the installation of 

aboveground field production as 

well as buried distribution systems. 

Fusion has long been the standard 

joining method for HDPE pipe, 

but Victaulic’s new Refuse-to-Fuse 

HDPE Joining System for plain end 

and grooved HDPE pipe is designed 

to provide a faster, simpler joining 

method for HDPE without sacrificing 

performance.

This newly engineered HDPE 

joining system eliminates the need 

for fusing, helping reduce labor 

costs and schedule times. There’s 

no equipment setup or prep time, 

which eliminates the need for costly 

equipment rentals and additional 

power costs, and joint completion 

time doesn’t depend on atmospheric 

conditions such as rain or freezing. 

Visual verification of a successful 

joint can be made, and the couplings 

also meet or exceed the perfor-

mance capabilities of HDPE pipe, 

including working pressure, end 

pull load specifications and min-

imum bend radius requirements. 

This means the pipe can be pushed, 

dragged and subjected to tempera-

ture and pressure swings without 

concerns that the joints will disen-

gage. The couplings also can be eas-

ily installed in vertical orientations 

as well as in tight spaces and reused 

from site to site, which is ideal for 

hydraulic fracturing wastewater treat-

ment systems in shale pad drilling. n

SUBSEA SYSTEMS WINNER

SAMOCO OIL TOOLS  |  ONETRIP BOP UNIVERSAL TEST TOOL

WATER MANAGEMENT WINNER

VICTAULIC  |  VICTAULIC REFUSE-TO-FUSE HDPE JOINING SYSTEM

Samoco’s team remains on-call throughout testing to address any 

needs that arise. (Source: Samoco Oil Tools)

Victaulic’s Refuse-to-Fuse HDPE Joining  

System can be used in aboveground, 

below ground and buried systems.  

(Source: Victaulic)
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Midland Basin 
Operators continue to delineate the core of the Permian’s Midland Basin.
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MIDLAND BASIN FIRST PRODUCTION, LAST 24 MONTHS

MIDLAND BASIN FIRST PRODUCTION, LAST 12 MONTHS

There was a drop in 

the number of new 

producing wells in 

the Midland Basin 

from 2015 into 2016.  

(Source: Drillinginfo’s 

DI Web application)
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PERMIAN BASIN DUCs There are 233 drilled, 

uncompleted (DUC) vertical 

wells in the Midland Basin. 

There are more vertical DUCs 

in the Midland Basin than in 

the Delaware Basin to the 

west. (Source: Drillinginfo’s 

DI Analytics/Rig Analytics). 

MIDLAND BASIN RECOMPLETED AND REFRACTURED WELLS The number of Midland 

Basin wells refractured 

(orange) or recompleted 

(purple) is plotted 

against nonrefractured 

or recompleted wells in 

the same basin. 

(Source: Drillinginfo’s DI 

Analytics/Refrac Analysis)
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T he Trump administration is making good on its 

commitment to revoke or reform federal regula-

tions impacting energy development with significant 

actions performed or underway regarding hydraulic 

fracturing, venting and flaring climate change, and 

the Clean Power Plan. At the same time, as cabinet 

level and other political appointments are filled, inter-

agency efforts are underway to establish a more cohe-

sive energy and environmental policy. At the heart of 

this effort is regulatory reform. It is widely believed 

that broader steps to achieve regulatory reform will 

coincide with infrastructure development activities. 

As federal agencies look to permit new infrastructure, 

reforms will be introduced to create more efficient, 

cost-benefit/science-based regulations. Industry best 

practices will be a critical component in developing 

these regulations. 

Congress also is focused on regulatory reform, 

infrastructure development and tax reform. While 

congressional actions should complement admin-

istrative actions, political infighting highlighted by 

Congress’ inability thus far to reform the Affordable 

Care Act threaten to derail these efforts. Soon it will 

be determined whether Congress and the adminis-

tration can work constructively to deliver meaning-

ful reforms. 

Federal actions
President Trump signs Energy Independence 

Executive Order: On March 28 President Trump 

signed an omnibus executive order that included 

a directive to the Department of Interior (DOI) to 

reconsider rules restricting methane emissions from 

oil and gas sites. A House joint resolution to overturn 

the Bureau of Land Management’s (BLM) venting and 

flaring rule is currently stalled in the Senate.

Administration announces plan to rescind BLM 

hydraulic fracturing rule: In mid-March the Justice 

Department requested the 10th U.S. Circuit Court of 

Appeals to delay oral arguments in the appeal over 

the fracturing regulation pending the administration’s 

work to rescind the rule. At issue in the appeal is 

the district court’s ruling that the DOI does not have 

authority to regulate fracturing.

State/local actions
Colorado

■ The Broomfi eld City Council voted to postpone 

a vote on a proposed hydraulic fracturing mora-

torium indefi nitely. The city will begin work on a 

plan to determine siting of oil and gas wells.

■ With the current moratorium on new drilling 

permits set to expire on May 1, Boulder County 

commissioners recently approved stringent 

rules for oil and gas sites including land use 

restrictions and “disruption payments” for resi-

dents near drillsites.

■ House Bill 17-1256 by Rep. Mike Foote (D-Boulder 

County) requires future oil and gas wells to be at 

least 305 m (1,000 ft) away from any public or pri-

vate schools’ property lines.

Maryland

■ On March 27 the Maryland General Assembly 

gave fi nal passage to the state’s ban on hydrau-

lic fracturing. The measure will be forwarded to 

Gov. Larry Hogan for his expected signature.

Texas

■ Railroad Commission Chair Christi Craddick has 

requested funding from the Texas Legislature to 

build an online database to track compliance as 

well as add new inspectors for energy produc-

tion sites and pipelines. 

■ House Bill 3403 by Rep. Terry Canales (D-Edinburg) 

allows municipalities to regulate new oil and gas 

operations located within 457 m (1,500 ft) of child-

care facilities and schools. ■

US regulatory reform

Jack Belcher and Beth Everage, 

HBW Resources LLC

UNCONVENTIONAL REPORT: 
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Svein Eirik Monge, Emerson Automation Solutions

M
any oil and gas wells are being produced over a 

broad range of process conditions with more liq-

uid and water present in the wellstream.

With varying process conditions, however, come dif-

ferent production threats. In wet gas fields, formation 

water and water coning—where water infiltrates the 

perforation zone in the near-wellbore area—can lead 

to scaling, hydrate formation and corrosion. In worst-

case scenarios this can threaten the integrity of the 

subsea wells and infrastructure and reduce production. 

The onset of formation water, if not controlled, also 

can lead to well shutdowns and have a highly negative 

impact on field economics. 

Additionally, the growth in subsea tieback develop-

ments—in some cases up to 400 km (248.5 miles) long—

has only exacerbated the danger, leading to potentially 

hours or even days before the onset of formation water is 

detected and measured topside. In such cases it might be 

too late to react and save the well.

Detecting saline water
So how can such challenges be addressed? 

One means of achieving improved flow assur-

ance and meeting the challenges of different 

process conditions and formation water is 

through the accurate and real-time detection 

of saline water and measuring its conductivity. 

Measuring water conductivity has become 

a key operational parameter for reservoir 

management and flow assurance. The real-

time continuous measurement of water 

conductivity can tell the operator whether 

formation water is entering the flow and in 

what amounts. Such information also can 

help the operator adjust injection rates of 

scale, corrosion inhibitors and hydrate pre-

vention using monoethylene glycol. Other 

remedial action might include adjusting the 

choke setting or instigating zonal isolation.

The detection of the onset of formation water and 

its conductivity also must take place quickly. Hydrate 

formation can accelerate at an alarming pace in the 

right conditions, with the critical time window when 

preventative action needs to take place being as little as 

20 minutes. Hydrate formation also can take place with 

fresh/condensed water. 

Therefore, it is critical to detect and measure total 

water and its conductivity in real time. 

New salinity measurement system
Traditionally, formation water detection was based on an 

indication value that remained stable if there was no salin-

ity but would increase when more saline water entered the 

flow. Typical measurement charts would tend to illustrate 

the horizontal trending of the defined salinity measure-

ment, indicating no change to salinity followed by a signal 

spike when there was a change in conductivity. 

The downside of this form of measurement, however, 

is that it is only a qualitative indication, not a quantita-

tive measurement. 

Salinity measurement system  
identifies production threats  
A new salinity system was designed for increased flow assurance on subsea  

wet gas field developments.

FIGURE 1. The salinity sensor is integrated into the meter. (Source: Emerson 

Automation Solutions)
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The new Roxar Subsea Wetgas Salinity System devel-

oped by Emerson Automation Solutions provides both 

quantitative and qualitative real-time measurements in 

many types of field conditions but, in particular, in the 

high gas void fraction (GVF)/wet gas flows that charac-

terize wet gas fields. 

The sensor is extremely sensitive to saline water on 

the sensor surface and is integrated within the Roxar 

subsea Wetgas meter. The sensor allows the detection 

of different cases of formation water breakthrough, 

including a time-limited small increase of water conduc-

tivity from a pocket burst to larger conductivity chang-

es. The system has been designed as a key element of 

the Roxar subsea Wetgas meter, thereby allowing direct 

measurements of water conductivity. The Wetgas meter 

measures the total water content in the gas to provide 

individual flow rates of gas, condensate/oil and water. 

The salinity system itself consists of a ceramic salini-

ty sensor mounted in the wall of the meter body. The 

ceramic cylinder is metalized on all surfaces except 

the one facing the flow, with the sensor categorized as 

FIGURE 2. Changes to conductivity over a short period between 

two test levels and the immediate response are measured by the 

sensor. (Source: Emerson Automation Solutions)
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a waveguide cavity resonator, shortened in one 

end and open in the other (the side that is facing 

the fl ow).

The ceramic salinity sensor is based on microwave 

resonance technology. Figure 1 shows the sensor inte-

grated into the meter. Being a microwave resonator 

sensor comes with several benefi ts for salinity water 

measurement. This includes instant response to chang-

es in the fl owstream—in seconds, not minutes. The 

sensor also is highly accurate and can measure small 

changes in water conductivity down to ± 0.1 Siemens/

meter (S/m) and up to 99.99% GVF and measure 

sensitivity in the range of ± 0.004 S/m. In the fi eld this 

means that small pockets of formation water leaking 

into the fl ow can be detected instantaneously when 

entering the production fl ow. 

Outputs from the meter enabled by the inclusion of 

the salinity system include salinity, conductivity, for-

mation water indicator, formation water fl ow rates and 

condensed water fl ow rates. 

The conductivity measurements are obtained by 

measuring the Q-factor shift of the resonance from the 

liquid fi lm or droplets of water near the sensor surface. 

Q-factor is the rate of absorption of microwaves in the 

sensor where the slower the energy that’s absorbed, the 

higher the Q-factor. Changes to the resonance frequen-

cy depend on fl uid dielectric properties (permittivity) 

with a permittivity change within the resonance fi eld 

changing the resonance frequency and Q-factor.

Testing the system
Extensive testing of the new salinity system took place 

both internally and at the Colorado Experiment Engi-

neering Station (CEESI). Three separate fl ow tests 

were conducted at the CEESI between 2014 and 2016 

with close to 700 individual test points run. Testing 

was conducted along the full range of the subsea Wet-

gas meter from 85% to 100% GVF, 0-100 water liquid 

ratio, velocities from 3 m/s to 40 m/s and a wide range 

of conductivities. 

The testing results demonstrated the new salinity 

system can perform effectively at as low as ± 0.15 S/m 

uncertainty for water conductivity and can detect ± 0.004 

S/m sensitivity in changes in water conductivity. Figure 2 

illustrates the changes to conductivity over a short peri-

od between two test levels and the immediate response 

measured by the sensor.

Maximizing production 
It’s clear that rapid and highly sensitive salinity measure-

ments are needed to capture the critical time window of 

a hydrate plug forming and to secure fl ow assurance in 

oil and gas wells.

With the new Wetgas salinity system integrated into 

the Roxar subsea Wetgas meter (Figure 3), operators 

can identify threats to production, improve chemical 

injection control, reduce opex and maximize oil and 

gas production. 

FIGURE 3. The Roxar subsea Wetgas meter measures the total water 

content in the gas to provide individual fl ow rates of gas, condensate/oil 

and water. (Source: Emerson Automation Solutions)

Have a story idea for Tech Watch? This feature highlights 
leading-edge technology that has the potential to 
eventually address real-life upstream challenges. Submit 
your story ideas to Group Managing Editor Jo Ann Davy at 
jdavy@hartenergy.com.
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Rigless ESP system helps operators bring 
wells on production faster
The Baker Hughes TransCoil rigless-deployed electric 

submersible pumping (ESP) system was developed to 

help operators bring wells on production faster and 

lower the costs associated with installing and replac-

ing ESPs, the company said. By eliminating the need 

for a rig in fields where availability is a concern or 

where high intervention costs can limit artificial lift 

options, operators can minimize deferred production 

and lower overall lifting costs to extend the economic 

life of their assets. The TransCoil system—developed 

in participation with Saudi Aramco—is an inverted 

ESP system with the motor connected directly to a 

new proprietary power cable configuration. This  

eliminates the traditional ESP power-cable-to-mo-

tor connection to improve overall system reliability. 

There is no in-well wet connection as in wireline- 

deployed ESPs, and thus there is no need for a rig  

to pull the tubing and replace the wet connection if  

it fails. Additionally, because the system can be 

installed through a deviation in the wellbore, oper-

ators can land the ESP closer to the producing zone 

for greater reservoir pressure drawdown and reserve 

recovery. bakerhughes.com

Service provides monitoring, diagnostics of 
artificial lift systems
The Schlumberger Lift IQ production life-cycle man-

agement service offers monitoring, diagnostics and 

optimization of artificial lift systems in real time. This 

new service securely collects, transmits, evaluates and 

interprets data from wells to improve production 

efficiency, extend equipment runlife and reduce 

operating costs, the company said. The Lift IQ ser-

vice comprises four service tiers to ensure the best 

fit for an operator’s unique requirements, including 

visualization, real-time surveillance and diagnostics, 

well optimization, and field optimization. From Arti-

ficial Lift Surveillance Centers (ALSC) around the 

world, service engineers monitor equipment alarms 

and events using Schlumberger best practices and 

systematic workflows to identify probable causes and 

report remedial actions for implementation. Data are 

gathered through satellite or cellular connections 

with three convenient storage options of on-premise, 

in-country or global. In conjunction, engineers at the 

24/7 ALSC provide in-depth analysis to proactively 

manage commissioning and restarts as well as avoid 

shutdowns typically caused by high gas and low flow 

conditions. slb.com/liftiq 

Cement retainer, bridge plug designed for 
Sakhalin wells
Weatherford Interna-

tional Plc has devel-

oped and deployed 

a high-performance 

cement retainer and 

bridge plug for use 

in wells in Sakhalin 

Island, Russia, a press 

release stated. After 

identifying a need for 

a higher performance 

cement retainer and 

bridge plug to provide isolation in Sakhalin wells, a major 

operator on Sakhalin Island contacted Weatherford to 

develop a technology that reliably meets more stringent 

industry standards. The downhole tool is one of few on 

the market qualified for use in Sakhalin wells (i.e., it has 

been tested at the pressures, temperatures and geometries 

expected throughout the service life of the tool). After suc-

cessfully pressure-testing the tool, Weatherford performed 

further surface qualification testing to demonstrate that the 

cement retainer could be easily and reliably drilled with a 

milled-tooth rock bit. weatherford.com

Service provides global coverage of offshore 
projects, discoveries
Stratas Advisors’ new Global Upstream Project Analytics 

(GUPA) provides worldwide coverage of offshore projects 

with a focus on recent and future developments. This thor-

ough, detailed coverage includes multiple measures of spe-

cific project economics throughout the project life cycle, 

analysis of publicly announced E&P projects and detailed 

fiscal models by country. The company’s transparent mod-

eling lets operators see the calculations, adjust the assump-

tions as desired and analyze the results. Equally important 

to project success, Stratas experts have a thorough under-

standing of the global regulatory environment. Because of 

the size of the investments required to take advantage of 

these opportunities, global offshore project decision-mak-

ing carries high business risks. stratasadvisors.com

Robotic sea snakes perform offshore tasks
Eelume’s robotic sea snake, a new underwater interven-

tion vehicle, is moving closer to becoming commercially 

deployed after taking a 150-m (492-ft) winter dive in a 

Norwegian fjord near Trondheim, proving its abilities to 

maneuver, record video and snap photos. Since testing 

carried out in November and December 2016 the com-

pany further developed the slender robot with snake-like 

Weatherford developed a cement 

retainer and bridge plug to provide 

isolation in Sakhalin wells.  

(Source: Weatherford)
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swimming move-

ments that could 

revolutionize the 

subsea inspection, 

maintenance and 

repair (IMR) sector 

in tight spaces. “We 

are building a new 

vehicle right now 

that will go even 

deeper and be able 

to operate tools 

subsea,” Eelume 

CEO Arne Kjørsvik 

told Subsea Engineering News in a statement. “The plan is 

to make the vehicle available on the market in late 2019.” 

The next version of the robot will be capable of diving 

down to 500 m (1,640 ft). The robot will carry out inspec-

tions and light intervention work on the seabed, where it 

will be permanently installed and called upon whenever 

a job arises. eelume.com

Knowing the health of operating equipment 
ABB Ability AssetInsight gathers siloed data collected from 

equipment, transforming those data into valuable infor-

mation that can be acted upon and shared across the orga-

nization, a press release stated. The new technology gives 

oil, gas and chemicals decision-makers a clearer, real-time 

picture of the health of their operating equipment via a 

web browser. The tool enables operators and supervisors to 

prioritize actions so they can better plan maintenance and 

operations strategies with the goal of moving toward a more 

cost-effective predictive maintenance strategy. ABB Ability 

AssetInsight gathers information from disparate systems 

across disciplines—from devices and instrumentation to 

automation to IT—to provide one aggregated view of con-

dition status on a systemwide level. abb.com

Digital downhole data logger records, 
transmits pressure and temperature 
Emerson Automation Solutions has released the Paine 

328-12-0010 pressure and temperature data logger and 

digital transmitter, a tool for process measurement 

and data logging in downhole drilling applications, a 

press release stated. Paine 328-12-0010 acquires, stores 

and transmits critical information. Downhole drilling 

operators must measure pressure and temperature to 

optimize drilling processes and ensure safety. These 

measurements are typically made with a variety of down-

hole tools, either mounted just above the drillbit to 

provide continuous measurement while drilling or as 

separate tools inserted into the drill hole on a periodic 

basis. Once drilling is complete and production begins, 

these measurements are needed to optimize through-

put, maximize uptime and ensure safety. emerson.com

System provides ship motion prediction
Developed by Wärtsilä’s Dynamic Positioning (DP) unit, 

SmartPredict is designed to provide safer and more effi -

cient vessel operations by reducing the risks associated 

with maneuvering, a press release stated. The system dis-

plays the vessel’s predicted future position and heading The Eelume snake robot provides 

IMR services for subsea installations. 

(Source: Eelume)

Proppant-delivered 
production assurance
The CARBO GUARD family 

of proppant-delivered pro-

duction assurance technolo-

gies brings a highly effi cient, 

effective and simple way to 

protect a well and safeguard 

a production system from 

scale and other production 

issues that can impair fl ow 

in fractures. SCALEGUARD 

technology is a ceramic proppant engineered with a con-

trolled release technology and infused with scale-inhibit-

ing chemicals. By design, it is placed within the fracture 

in a single treatment as part of the standard fracturing 

process. Each SCALEGUARD treatment can be added 

to sand or ceramic completed wells and is engineered to 

last for the effective life of the well, based on anticipated 

production profi les. The technology is designed to sig-

nifi cantly reduce production maintenance requirements 

and costs, avoid workovers and eliminate the potential 

for production system failures. The technology has 

been implemented in more than 200 wells across North 

America. In addition, three successful fi eld trials in two 

different basins have begun 

for PARAGUARD, another 

member of the GUARD 

product line, which prevents 

paraffi n deposits from form-

ing in the fracture and the 

wellbore.  carboceramics.com

SPONSORED CONTENT*

(Source: CARBO) 

*Hart Energy IndustryVoice™ allows marketers to reach our audiences by enabling 

them to create and place relevant content in our media channels – in print, online, 

via social media and at live events. Each Industry-Voice™ piece is produced by 

the marketing sponsor, and any opinions expressed by IndustryVoice™ contributors 

are their own.  For questions about IndustryVoice™ programs, email IndustryVoice@

hartenergy.com.

http://EPmag.com
http://eelume.com
http://abb.com
http://emerson.com
http://carboceramics.com
mailto:IndustryVoice@hartenergy.com
mailto:IndustryVoice@hartenergy.com


May 2017   |   EPmag.com104

tech
TRENDS

and uses proven DP analysis algorithms to evaluate forces 

affecting the vessel, thereby providing advanced motion 

prediction. SmartPredict also features a configurable 

prediction time display. Most conventional prediction 

systems are able to use only basic input parameters and 

thus offer limited usability. Wärtsilä’s SmartPredict soft-

ware module, however, uses all of the parameters used 

for automated control by the DP and adjusts them for 

the motion characteristics of the specific vessel. Such 

inputs include the vessel’s current position and heading 

as well as its velocity and rate of turn and all associated 

accelerations. Also taken into consideration are the man-

ual commands from the coordinated control joystick and 

environmental input from the onboard wind sensor(s). 

These factors are continuously evaluated to provide a 

constant update of the vessel’s path. wartsila.com

Tool manages large volumes of data 
petroWEB’s Enterprise DB (EDB) is designed to be a 

cost-effective single authoritative tool for managing large 

volumes of subsurface data for oil and gas companies, a 

press release stated. EDB stores all well-related information 

including well headers, well log files and associated doc-

uments in a single view. The tool offers companies a total 

end-to-end well and log data management workflow (load, 

search, view and export). Additionally, EDB Data Man-

ager, the first release of the web app replacement for EDB 

Admin, provides direct intuitive interaction with the data, 

enabling users to easily and effectively load, quality-control, 

audit, discover and export E&P data throughout the well 

life cycle. petroweb.com

Type curve analysis for easy  
decision-making
Sproule has released its Type Curve Analysis, a comprehen-

sive production profile dataset available for 14 key resource 

plays across Western Canada, a press release stated. The 

Type Curve Analysis is designed to shorten the time spent 

screening opportunities, evaluating producing wells and 

benchmarking performance. Sproule has developed a 

proprietary process for creating its type curves. “Differ-

entiating reservoir performance and reservoir behavior 

enables assessment of completion type, completion 

effectiveness, well length and minor variations in res-

ervoir quality within the area,” said Steven Golko, vice 

president of capital strategies. “Well performance varies 

within any individual geologic bin, so we’ve created a 

type curve suite for each geologic bin that covers the 

range of well results from least to best performing in any 

area.” The framework is transparent and creates consis-

tency across an organization for better decision-making. 

sproule.com/typecurve

Acoustic insulation jackets shorten the  
application process
Advanced Insulation has released a new range of Con-

traFlex acoustic insulation jackets, an adaptable prod-

uct protecting personnel from high-sound pressure 

levels that are designed to significantly shorten the 

application process using a combination of absorbent 

materials and a mass-loaded barrier inside a remov-

able jacket solution, a press release stated. Workers 

are exposed to a variety of different mechanical noises 

every day, including loud turbines, pumps, valves and 

pipes. Chris Read, sales support manager at Advanced 

Insulation, said, “The system provides high-perfor-

mance acoustic insulation and combined thermal 

insulation for industrial applications such as onshore 

refineries, offshore environments and a wide range of 

bespoke solutions for pumps, compressors and 

engines.” advancedinsulation.com 
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US GULF OF MEXICO

Blake Wright, Contributing Editor

P
rolonged softness in commodities prices has made it a 
tough slog for operators and service companies alike 

in the U.S. Gulf of Mexico (GoM). Going on nine years 
removed from record oil prices topping $140/bbl, crude 
has maintained its value within a narrow band between 
$40/bbl and $60/bbl for the better part of the last 24 
months. The effects of the commodities pinch forced 
some players into bankruptcy, like jackup contractor Her-
cules Offshore. Others turned to the mergers and acqui-
sitions market to keep capital fl owing in diffi cult times, 
such as Freeport-McMoran’s sale of its deep Gulf assets to 
Anadarko late last year. Anadarko paid $2 billion for an 
additional 80,000 net boe/d of U.S. GoM production. 

A glance at the U.S. Bureau of Safety and Environment 
Enforcement’s Deepwater Activity report near April 1 

found 22 fl oating mobile offshore drilling units active in 
the U.S. GoM, and only fi ve of those rigs were drilling 
ahead on exploration wells. The current pricing envi-
ronment isn’t one to encourage big swings at the fences 
or wildcatting for elephant fi elds. Activity in the shallow 
U.S. GoM is worse, with the lion’s share of the region’s 
jackup fl eet out of work and stacked.

The primary exploration focus for operators drilling 
in the Gulf is on low-cost near-infrastructure oppor-
tunities that could lead to development scenarios 
using existing deepwater structures. Only a handful of 
standalone greenfi eld projects are being matured at 
this point, and those are being guided by the likes of 
supermajors BP and Shell. This spring BHP Billiton 
drilled a test of its Wilding prospect in the southeastern 
Green Canyon area, one of the hot spots for drilling 
activity in the deep U.S. GoM. Wilding in Block 521 was 
drilled using Transocean drillship Deepwater Invictus. If 

Near-infrastructure opportunities 
prove mantra in deep US GoM
The industry is taking a wait-and-see attitude until prices improve.

Anadarko’s 100%-owned Constitution spar in the 

Green Canyon area of the deepwater U.S. GoM 

will host production from the Constellation Field 

roughly 32 km (20 miles) away. (Source: Anadarko 

Petroleum Corp.)
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successful, Wilding along with the nearby Caicos fi nd in 
nearby Block 562 and a planned test at the multiblock 
Scimitar prospect to the north could compel a joint 
development plan that would tie all or some of the dis-
coveries into the Shenzi tension-leg platform (TLP) in 
Block 653. Shenzi boasts a 100,000-bbl/d capacity and 
has recently been producing about 70,000 boe/d.

Independent LLOG Exploration also has been busy 
in the southeastern Green Canyon area with a pair of 
wells—Khaleesi in Green Canyon blocks 389 and 390, 
west of the Scimitar prospect, and Mormont in Green 
Canyon Block 478. Mormont is about 9.65 km (6 miles) 
south of the Khaleesi. Success with these “Game of 
Thrones” monikered prospects also could lead a scheme 
that would result in subsea wells tied back to Shenzi. 

Stargazing 
Supermajor BP had its eyes on a standalone solution 
for its Hopkins discovery in the deepwater U.S. GoM as 
little as a year ago. However, the project was put on hold 
after a less-than-stellar appraisal. Industry watchers had 
pegged a smaller semisubmersible-based solution for the 
Green Canyon Block 627 discovery, with contractors such 
as Exmar, SBM Offshore and KBR sniffi ng around to try 
to woo the supermajor toward a decision involving their 
respective designs. In September 2016 Anadarko cut a 
deal with BP to assume operatorship of Hopkins and 
forwarded a plan to develop the fi eld as a subsea tieback 
to its 100%-owned Constitution spar in Green Canyon 
Block 680. Anadarko renamed the discovery Constella-
tion and holds a one-third working interest. Develop-
ment drilling is underway, and fi rst oil is expected in late 
2018. BP holds the remaining two-thirds stake.

The BP deal came as Anadarko was closing its 
Freeport-McMoRan purchase, with which it gained con-
trol of a handful of low-cost fl oating platforms such as 
the Horn Mountain spar and Marlin TLP in the far east 
of the central Gulf. The deal also netted Anadarko con-
trol of the Holstein spar in the Green Canyon area. The 
BP and Freeport deals were major pieces for Anadarko 
and its current Gulf exploration strategy, which is to 
lever its infrastructure position into low-cost develop-
ment opportunities for nearby prospects. Almost 100% 
of the operator’s near-term drilling plans are focused in 
and around its hardware. A recent strike at its Warrior 
prospect in Green Canyon Block 518 is adjacent to the 
company’s Marco Polo TLP. An appraisal is underway. 
A well at Calpurnia in Green Canyon Block 727 is locat-
ed between the company’s operated Caesar-Tonga and 
Heidelberg fi elds. Success there will likely mean a tie-
back solution to existing infrastructure.

New greenfi eld deep Gulf projects are basically off-
the-menu for much of the industry right now, at least 
until oil and gas prices recover a bit more. Recently 
quizzed about what price it would take to get a new 
greenfi eld project in the Gulf on the move, Anadarko 
CEO Al Walker said, “If you include the fact that BP 
appears to be taking Mad Dog to development, you 
could say $55 is. If we move beyond BP for a minute, I 
couldn’t give you a great idea today because it has to do 
with the EUR of the reservoir, the cost of the produc-
tion solution and cost to drill the wells. Those are three 
big variables that I don’t think neatly fi t into a price.”

Off the leash
Fresh from the early startup of its Thunder Horse 
South project in the Mississippi Canyon area, which is 
expected to add up to 50,000 boe/d of new production 
from Block 778, BP has taken its estimated $9 billion 
Mad Dog Phase 2 project to detailed engineering. Mad 
Dog 2, in Green Canyon blocks 825 and 870, will be 
developed using a GVA-designed semisubmersible pro-
duction system. The facility will have capacity to produce 
140,000 boe/d. BP already has signed a $1.26 billion 
engineering, procurement and construction contract 
with Samsung Heavy Industries for the facility.

The semisubmersible unit is to be moored in about 
1,372 m (4,500 ft) of water and produce from up to 14 
wells from the southern and southeastern extension of 
the Mad Dog Field. First production is envisioned for 
late 2021. BP operates Mad Dog 2 with a 60.5% stake 
with BHP Billiton (23.9%) and Chevron (15.6%).

After a lengthy cost-cutting drive on the project, 
BP CEO Lamar McKay reiterated to an audience at 
CERAWeek in March that he expects Mad Dog Phase 2 to 
generate a larger profi t at $60/bbl oil than it would have 
when the company fi rst looked at the economics for the 
project in 2014, when oil was more than $100/bbl.

Appetite for acreage
The recent 2017 GoM lease sale, which offered tracts 
across both the central and western Gulf, fetched high 
bids totaling almost $248 million, nearly double the 
amount attracted by last year’s auction. Sale 247 attracted 
189 bids on 163 tracts, with 28 companies participating. 
Garden Banks Block 1006 was the most challenged tract, 
receiving fi ve bids. The block is southeast of Cobalt Ener-
gy’s North Platte fi nd. Total placed the apparent high bid 
of more than $12 million for the rights to the acreage.

Shell was the big spender at the sale, offering almost 
$56 million for the rights to 20 blocks. Statoil was sec-
ond, with an outlay of $44.5 million on 13 blocks. 
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Even with only a handful projects coming online in 

2017, U.S. Gulf of Mexico (GoM) oil production is 

expected to top 1,600 bbl/d as several major projects 

starting on or before 2016 ramp up their production. 

However, as base production continues to decline, 

new source projects start to lose steam. The industry 

will see GoM oil production decline in 2018 and reach 

the bottom in 2020 at about 1.385 MMbbl/d, a 240 

Mbbl/d-drop compared to the high production level 

of 2017.

Project drought
With operators in the GoM cutting investment in 

the last couple of years, new projects were pushed 

off their schedules. Only a few small projects are 

scheduled to come onstream this year, including BP’s 

Thunder Horse South Expansion project, the Castex 

Energy Inc.-operated Hummer project in shallow 

water and the Byron Energy Ltd.-operated SM71 

project. The total oil production capacity of these 

three projects only adds about 60,000 bbl/d, much 

less than the 250,000 bbl/d from the projects brought 

online in 2016. 

Looking forward, the drought will continue beyond 

2017. Only four major new source projects are expect-

ed to start production in the three years from 2018 

to the end of the decade. Hess Corp.’s Stampede 

project, which was sanctioned in 2014 and is under 

construction, is scheduled to start production in 2018. 

The Chevron Big Foot project start date has been 

postponed from 2015 to 2018 due to a tendons failure 

during the platform installation, and the Constellation 

project (formerly Hopkins) is expected to be a subsea 

tieback development after Anadarko took over the 

operatorship of the field from BP. However, the project 

is still in the conceptual stage since Anadarko plans 

to sanction it this year and bring it onstream by 2019. 

Shell’s Appomattox project was sanctioned in 2015 and 

is in the construction stage, with an expected produc-

tion startup by 2020. 

No recovery until 2021
As oil prices slowly recover to above $50/bbl or 

higher in the next couple of years, deepwater projects 

in the GoM will become more attractive economical-

ly, and more projects are expected to move forward 

with investment. However, the process will be slow 

because of the long investment cycle of offshore field 

developments, and the production gap caused by the 

project drought will not be filled before the end of 

the decade. There are several projects in the pipeline 

to contribute the recovery after 2020, including BP’s 

recently sanctioned Mad Dog 2 project that is expect-

ed to start in 2021. Other potentials include Murphy 

Exploration & Production Co.’s Samurai project and 

Thunder Bird (currently stalled), Repsol’s Buckskin 

project, Anadarko’s Shenandoah project and Shell’s 

Vito Project. The combined production capacity of 

these projects could reach up to 400,000 bbl/d.

Ultradeepwater dominance
More than 60% of new source production will come 

from ultradeep water (more than 1,524 m [5,000 ft] in 

water depth). Deep water (water depth greater than 

305 m [1,000 ft] but less than 1,524 m) accounts for 

one-third, and shallow water (water depth less than 

305 m) only accounts for 5%. 

Anadarko leads new source assets 
Anadarko-operated new source assets will contrib-

ute more than 120,000 bbl/d on average in the next 

five years (2017 to 2021) followed by Shell, which 

only has half of Anadarko’s production. Other main 

players in the GoM, such as Hess, BP, Chevron and 

LLOG Exploration Co., are mostly below the 40,000-

bbl/d range. ■

GoM production to slide
Shuqiang Feng, Stratas Advisors
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1 Alaska

According to Armstrong Energy 
Corp., the company has made a large 
conventional find in Alaska’s North 
Slope. The contingent resources in 
the Nanushuk play could amount 
to about 1.2 Bbbl of recoverable 
light oil. Two wells were drilled in 
Section 15-8n-4e of Umiat Meridian, 
#1-Horseshoe and #1A-Horseshoe, 
and extend 32 km (20 miles) into the  
Pikka area. The Pikka Unit covers 
about 101,879 km (63,304.47 miles) 
in 31 State of Alaska and Arctic Slope 
Regional Corp. oil and gas leases. 
The #1-Horseshoe was drilled to 
1,829 m (6,000 ft) and hit more than 
46 m (150 ft) of net oil pay in several 
reservoir zones in the Nanushuk. 
The sidetrack, #1A-Horseshoe, was 
drilled to 2,504 m (8,215 ft) and 
hit more than 30 m (100 ft) of net 
oil pay in Nanushuk. The company 
plans to directionally drill another 
wildcat, which will bottom to the 
northwest in Section 16-8n-4e.

2 Colombia

Anadarko Petroleum Corp. 
announced results from the #1-Pur-
ple Angel well in the Caribbean Sea. 
The offshore Colombia well was 
drilled to 4,795 m (15,732 ft) and 
encountered a 21-m to 34-m (69-ft to 
111.5-ft) zone of production. Based 
on the information obtained from 
the two wells it is estimated that the 
Kronos Field has a gas column of at 
least 520 m (1,706 ft). Area water 
depth is 1,584 m (5,197 ft).  

3 Colombia

Geopark completed appraisal well 
#11-Jacana in the Jacana oil field in 
Colombia’s Llanos 34 Block. It was 
drilled to 3,541 m (11,618 ft) and 
tested on an electric submersible 
pump in Guadalupe flowing 2.1 

Mbbl/d of 18.7 degree-gravity oil 
with less than 1% water cut. It was 
tested on a 33⁄64-mm choke, and the 
wellhead pressure was 98 psi. After 
cleanup additional production 
history is planned to determine 
stabilized well flow rates. Surface 
facilities are in place, and the well is 
already in production. The venture 
was drilled to the southwest to 2,500 
m (8,202 ft) and is southwest of 
appraisal well #6-Jacana, which did 
not encounter the oil-water con-
tact. The discovery indicates that 
#11-Jacana extends the Tigana/
Jacana oil play toward the southwest 
limits of the Llanos 34 Block. After 
completion the rig will be moved 
to drill #2-Jacana South to test the 
northwest extension of the field. 

4 Guyana

ExxonMobil Corp. is planning 
to drill another offshore Guyana 
exploration well in the Stabroek 
Block. The #1-Snoek is about 10 km 
(6 miles) south of the #1-Liza dis-
covery, which hit more than 90 m 
(295 ft) of high-quality oil-bearing 
sandstone reservoirs. It was drilled 
to 5,433 m (17,825 ft) in 1,743 m 
(5,719 ft) of water. Nearby drilling 
was at #1-Payara, which encountered 
more than 29 m (95 ft) of good qual-
ity oil-bearing sandstone reservoirs. 

5 Brazil

According to Alvopetro Energy, the 
company has completed testing an 
interval at #198(A1) in Reconcavo 
Basin Block REC-T-198 in Bahia, 
Brazil. The well was drilled to 1,480 
m (4,856 ft), and openhole logging 
indicated 31 m (102 ft) of poten-
tial net gas pay in the Main Caru-
acu Member, with 26 m (85 ft) of 
potential net hydrocarbon pay in 
a series of thinner up-hole Pojuca 
sands. During a 24-hr test it flowed 

an average of 7 Mcm (250 Mcf) of 
gas without stimulation from the 
Caruacu Member of Maracangalha 
with 12 bbl of 45-degree-gravity con-
densate and 92 bbl of water. It was 
tested on a 32⁄64-in. choke, and the 
shut-in casing pressure was 615 psi. 
Additional reservoir pressure tests 
are planned, and the first interval 
will be suspended temporarily with 
a bridge plug while the test pro-
ceeds uphole to test the second 
interval within the primary target. 

6 Senegal

Appraisal results from Cairn Energy 
Ltd.’s #5-SNE in offshore Senegal’s 
SNE Field were completed in the 
upper reservoirs, where two princi-
pal units are located within the oil 
leg. During wireline logging and 
drillstem testing multiple samples of 
oil and gas were recovered, and anal-
ysis indicated oil of similar quality to 
previous wells. Two drillstem tests 
were conducted within the upper 
reservoir units over gross intervals of 
18 m (59 ft) and 8.5 m (28 ft). In 
the 18-m interval the well produced 
4.5 Mbbl/d of oil during testing on 
a 40⁄64-in. choke. In the 8.5-m interval 
it produced 3 Mbbl/d of oil during 
testing on a 56⁄64-in. choke. The 
drillship is moving to drill #1 Vega- 
Regulus to test Aptian Carbonates, 
which is under the SNE Field and 
has potential gross mean consoli-
dated prospective resource of more 
than 100 Mbbl. 

7 Saudi Arabia

Gas production from an Aramco 
shale gas project is set to begin in 
2017. The company completed 
shale gas wells in 2011 in the Jawf 
and Northern Borders Provinces as 
well as in areas near Midyan Field 
and Jalamid Field. One of the wells, 
#3-Jalamid, produced 597 Mcm/d 
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(12.1 MMcf/d) of gas during 
preliminary tests. According to 
Aramco, Midyan alone could pro-
duce 2.1 MMcm/d (75 MMcf/d) of 
nonassociated gas and 4.5 Mbbl/d 
of oil with condensates. Aramco 
expects the Jalamid Field will fur-
nish about 5.6 MMcm/d (197.8 
MMcf/d) to the Wa’ad Al-Shamal 
phosphate complex in Tareef Prov-
ince by 2018. 

8 Pakistan

A gas and condensate discovery by 
Oil & Gas Development Co. Ltd. 
was tested fl owing 245 Mcm (8.66 
MMcf) of gas and 285 bbl/d of con-
densate. The #1-Chhutto is in the 
Nim Block in the Sindh Province’s 
Hyderabad District. The 3,820-m 
(12,533-ft) well was tested on a 
32⁄64-in. choke at a wellhead fl owing 
pressure of 2,100 psi from A sands 
of Lower Goru. 

9 Australia

Empire Oil & Gas NL announced 
more results from its #1 Red Gully 
North well in the Perth Basin in 
Western Australia. The C Sand dis-
covery produced 1.055 Mbbl/d of 
light volatile oil from the Upper Cat-
tamara C Sand. The venture is in EP 
389 and PL 18/Pl19. Previous testing
of the Cattamara C interval fl owed 
1.8 Mcm (67 Mcf) of gas and 15 bbl
of condensate with 895 bbl of water 
during a 20-hr period. Log analysis 
on the well indicates a P90 net of oil 
pay with greater than 9% porosity. 

10 New Zealand

An analysis of the offshore Barque 
prospect for New Zealand Oil & Gas 
in offshore New Zealand’s Canter-
bury Basin indicates that the 
unrisked petroleum in place 
(100%) in the three horizons total 

311 Bcm (11 Tcf) of gas and 1.5 
Bbbl of liquid (oil or gas conden-
sate). The primary reservoir target 
was estimated to contain 155 Bcm 
(5.5 Tcf) of gas (best estimate, 
unrisked and in place) and 785 
Mbbl of associated condensate. 
Analysis of the prospect in the Clip-
per permit, PEP 52717, showed up 
to three horizons in the structure. 
According to the company, if all 
three horizons were developed 
simultaneously, a gas-to-shore LNG 
project is considered the most likely 
model. It could yield 232 Bcm (8.2 
Tcf) of gas, of which 135 Bcm (4.8 
Tcf) could be available for conver-
sion to LNG. Area water depth for 
the prospect is 800 m (2,625 ft).  
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MOVE

PEOPLE

Polarcus Ltd. named Duncan  

Eley CEO.

Denbury Resources Inc. CEO Phil 

Rykhoek will retire June 30, and 

the company’s board of directors 

intends to elect Christian S. Kend-

all as CEO as of that date.

Alvin Sim joined CMR 

Group as the new CEO 

for CMR Far East. 

Stuart Cameron has taken on the 

role of CEO at UTEC.

Shuji Mori was named 

CEO of Yokogawa Corp. 

of America. 

KrisEnergy Ltd.’s Kelvin Tang 

has been promoted to COO and 

will remain as president of the 

company’s Cambodia operations. 

Sally Ting will succeed Tang and 

become general counsel for the 

KrisEnergy Group. Chrystle Kuek 

will take over the role of joint com-

pany secretary with Jennifer Lee. 

Michael Hansen was 

named executive vice 

president and chief com-

mercial officer.  

Global Maritime appointed Egil 

Kvannli CFO.

Tap Oil Ltd. selected Pantaporn 

Panyarporn as alternate director to 

Frank Sakda Sreesangkom.

Kline named Mark Chodnowsky 

vice president of its Management 

Consulting division.

Global Maritime appointed Han-

nah Crutchley its new group HSEQ 

manager, based in Perth.

Ardyne made two new appoint-

ments to its technical support divi-

sion. Duncan Livingstone and 

David Stewart will be working out 

of Ardyne’s offices in Aberdeen 

and Stavanger, and will be part of 

a team of field engineers servicing 

the company’s international oper-

ations as well as an R&D team. 

Ramboll Environ named 

Michael Bittner a prin-

cipal based in the firm’s 

Boston office. 

RigNet Inc. selected Trent J. 

Jabbia as vice president of North 

American sales.

HIMA Paul Hildebrandt 

GmbH appointed Nico 

Ramstetter (top) sales 

director for Europe and 

Africa. Ramstetter suc-

ceeds Friedhelm Best 

(bottom), who has relo-

cated to Singapore to 

drive HIMA’s Asia-Pacific business. 

Marathon Petroleum Corp. 

selected Rodney P. Nichols as 

executive vice president, human 

resources, health and administra-

tive services.

The Energy Industries Council 

appointed Petrofac’s Tony Brady 

to its board of directors.

Subsea UK added three members 

to its board: Nicky Etherson, Zan-

der Bruce and Phil Simons. 

Nonexecutive director Howard 

Dawson will assume the role of 

chairman of Entek Energy Ltd.’s 

board of directors.

Jens Lassen and Donald Anderson 

have joined OSM Maritime Group 

as members of its board.

KrisEnergy Ltd.’s executive direc-

tors, Richard Lorentz and Chris 

Gibson-Robinson, will step down 

from its board of directors. 

Horizon Oil appointed Greg Bittar 

nonexecutive director for the com-

pany’s board of directors.

Susan Helms has joined Concho 

Resources Inc.’s board of directors.

Enview added Terrance “Terry” 

McGill to the company’s board 

of advisers.

Marty Schweers has been selected 

to chair the board of directors of 

the Rice Global Engineering & 

Construction Forum.

Spencer D. Armour III has been 

appointed to Viper Energy Part-

ners LP’s board of directors.

COMPANIES 

Schlumberger and Weatherford 

announced an agreement to cre-

ate OneStim, a joint venture to 

deliver completions products and 

services for the development of 

unconventional resource plays in 

the U.S. and Canada land markets.

Catapult Environmental Inc. has 

signed a partnership agreement 

with Crew Energy Inc. to design 

and build a water management 

facility in northeast British Colum-

bia. The facility will allow Catapult 

to treat flowback and produced 

water, and the treated water will be 

reused for oil and gas operations.

EPIC International Ltd. has set up 

a cylinder pressure testing center in 

Great Yarmouth in Norfolk, England. 

Vryhof and its business unit, Deep 

Sea Mooring, have launched a new 
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engineering unit to support the compa-
ny’s global offshore oil and gas, renew-
ables and aquaculture operations.

GE Oil & Gas opened a new facility 
in March in Takoradi Port, Ghana. 
The company has committed to 
deliver more than 45,000 training 
hours for Ghanaian personnel during 
the next five years.

Hempel inaugurated a new factory in 
March in Mina Abdullah in Kuwait.

Schlumberger opened its new Pro-
duction Technologies Center of 
Excellence in Houston. The center 
is aimed at solving global challenges 
related to oil and gas production 
chemistry, particularly those encoun-
tered in deep water, heavy oil and 
other extreme environments. The 
center features nine laboratories that 

combine process systems, production 
software and advanced chemistry. 

Bureau Veritas acquired Marine 

Assurance & Consulting in March.

GasLog Partners LP acquired Gas-

Log Greece from GasLog Ltd. for 
$219 million.

Rockwater Energy Solutions Inc. 
and Crescent Companies LLC 
agreed to combine the two compa-
nies, creating a water management 
services company. The all-stock 
transaction is valued at $207 million 
to Crescent shareholders. 

Aker Solutions agreed to buy oil  
services provider Reinertsen to  
build on its position as a mainte-
nance and modifications supplier  
offshore Norway.
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last
WORD

James Freeman, Zedi Inc.

T
he Industrial Internet of Things (IIoT) is an emerg-

ing investment opportunity that ties a variety of man-

ufacturing process devices together through networking 

to share information. The overriding premise driving 

the value proposition and return on investment (ROI) 

is that with timely acquisition and data analysis faster 

decisions can preserve manufacturing process integrity. 

This translates to lower asset downtime, more timely 

asset maintenance and higher production—in short, 

higher profitability.

The enabling technology for the IIoT includes sen-

sors and actuators at the edge of the industrial process, 

often wireless technologies to obtain data from the edge 

to the core, where those data are aggregated for analy-

sis. Cloud platforms and host software orchestrate the 

movement of data and events, and analytics visualize the 

data and draw insights from those for better decisions.

Earlier generations of technology brought the promise 

of better management of production operations in this 

industry. Oil and gas companies have been using SCADA, 

with its combinations of sensors and actuators at upstream 

or midstream facilities combined with telecommunica-

tions for backhaul and a SCADA host platform for polling 

and data aggregation, for many years. Using SCADA to 

automate the field and form the first stage of a digital oil 

field is an idea that has been around for decades. There 

are trends suggesting the broader adoption of an IIoT is 

different from what has come previously.

Cheaper field measurement technology
Low-cost sensor and battery options for use in off-grid 

remote applications make it economic to measure and 

control at facilities with lower margins. Most digital oil 

field applications are deployed at large offshore facili-

ties producing 100,000-plus boe/d. However, cheaper 

field instrumentation makes it possible to monitor lower 

revenue production sites, even down into the stripper 

well category.

Expanding wireless options
In the early days of SCADA and the digital oil field, 

bandwidth to remote facilities was limited, and where 

physical infrastructure was not available, satellite was 

often the only telecom option, and it was expensive. 

Today, terrestrial 3G coverage is generally available at 

most onshore installations throughout North America 

as a backhaul option, and emerging wireless low-power 

wide-area network (LPWAN) technology is becoming 

available as a hot spot choice to extend wireless cov-

erage at remote locations or into 2018 as an overlay 

option from terrestrial wireless service providers. When 

used as a hot spot, users deploy their own LPWAN gate-

way, which is similar to a Wi-Fi gateway at home except 

it has a much larger coverage area. 

Cloud-based platforms
Where early SCADA systems involved purchase of 

on-premises IT hardware and SCADA host software, 

companies can leverage cloud-based third-party plat-

forms, which offload the upfront capital cost as well 

as many operational costs. Companies can outsource 

noncore competencies running the collection and pro-

cessing of data and focus on interpretation to run their 

business better. Pricing models essentially allow oil and 

gas operators access to a variable cost structure that 

grows as production and data needs grow.

Smarter analytics 
Analytics are evolving through four stages of sophisti-

cation, becoming integral to making faster decisions to 

preserve process integrity. Early-stage analytics tended 

to be descriptive, focused on the past and answered the 

question “What happened?” Diagnostic analytics go fur-

ther, using machine learning techniques and answering 

the question “Why did something happen?” Predictive 

and prescriptive analytics look to the future and answer 

the questions “What will happen?” and “What should I 

do to change a potential outcome?”

The IIoT’s adoption is driving improvements in cost 

and availability of enabling technologies that production 

operations management in upstream and midstream can 

leverage to make better, quicker business decisions. 

When paired with process integration in the corporate 

office taking full advantage of insights generated through 

field-sourced data, IIoT represents the best chance for oil 

and gas companies to evolve beyond having an automat-

ed field to running a digital business. 

Digital oil’s next frontier 
IIoT represents the best chance for oil and gas companies to evolve.
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