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Anadarko hits 36.5 m of oil pay at Constellation project        
Anadarko Petroleum Corp. encountered 36.5 m (120 ft) of net oil pay 
at its fi rst well drilled on the Constellation project. The #3SS OCS G25174 
is in Green Canyon Block 627 in the Gulf of Mexico. The total depth 
was not disclosed, and it was drilled in 1,341 m (4,400 ft) of water.

Marcellus discovery fl ows 1 MMcm/d of gas   
A Bradford County, Pa., Marcellus completion in Herrick Field by 
Southwestern Energy Co. was tested fl owing 1 MMcm/d (37.7 
MMcf/d) of gas. The #1H Seymour was drilled to 5,908 m (19,383 
ft) and is on an 885-acre lease in Section 9, Steven Township, Le 
Raysville 7.5 Quad.

Venture in Kenya Block 13T hits 75 m of net oil pay      
A Tullow Oil Plc well, #1-Emekuya in Kenya’s Block 13T, encountered 

75 m (246 ft) of net oil pay in two zones. The well is about 2.5 km (1.5 

miles) north of #2-Etom, and the objective was to test a fault block on 

the fl ank of the Greater Etom structure.

After 2.5 Bbbl, Eagle Ford has more oil coming  

By Richard Mason, Chief Technical Director

The Eagle Ford has produced 2.5 Bbbl of oil and 
will generate another 2.1 Bbbl, DrillingInfo Executive 
Chairman Allen Gilmer told attendees of the recent 
DUG Eagle Ford conference.

DOWNLOAD
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Make way for the robotics revolution

By Mark Venables, Contributing Editor

The oil and gas industry has been look-
ing toward robotics and automation 
to improve operational effi ciency and 
safety but still lags behind other sectors 
in implementation. 

Bolivia’s natural gas sector works 
to attract foreign investments 

By Brunno Braga, Contributing Editor

A recent surge of interest is putting the 
country on the radar of major oil and 
gas companies. 

MSGB Basin shows new West 
African promise 

By Dale Granger, Contributing Editor

Countries like Senegal are gearing up 
for the next wave of development.  
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TOM WILLIAMS

Overcoming perceptions 
Changing the public’s misguided petroleum perception 

starts by changing realities. 

H
ow do you explain to someone with a negative perception of the energy 

industry that it isn’t quite as bad as some have proclaimed it to be? 

The curious minds at EY were tasked by energy executives to put into per-

spective the public’s perception of the industry. According to the EY-issued 

report on the 2017 Oil and Gas Perception Poll, of the 1,204 Americans ages 

16 and older surveyed, 41% responded with a positive perception of the 

energy industry. But of that percentage, 40% think of power plants or local 

utilities first, followed by oil at 18% and natural gas at 8%. 

Oil’s necessity is credited for its positive perception. However, it is its envi-

ronmental impact that is credited for its negative perception. Natural gas 

scored higher, with 59% of respondents citing it with positive perceptions vs. 

oil’s 35%. This higher score was in part due to gas being “clean-burning” and 

more “affordable.” 

It was a bit of shock to see that, overall, young people “increasingly feel 

shunted by the industry, and their environmental values are not matched by 

oil and gas companies,” the report said. In particular, teens (ages 16-18) see 

the industry as bad for society and as a problem causer. And 71% of teens 

believe renewables are the fuels of their generation, while 56% said oil and 

gas are the fuels of their parents’ generation. 

The growing disconnect between the industry and the public is one that 

we’ve all heard about in various settings. How can we best share with the pub-

lic the advances made on the environmental front—for example, the shift 

from diesel fuel to natural gas to power field operations? Certainly, industry 

outreach efforts like the recent reboot of the Houston Museum of Natural 

Science Weiss Energy Hall will go far in educating the public. 

I challenge each of you in the new year to find ways to change perceptions 

of the industry. Drop me a note with your suggestions, and let’s work together 

to change realities and inspire the next generation to lead the energy industry 

far into the future. 

Speaking of changing realities, I’d like to take this opportunity to announce 

that my position at Hart Energy changed as of Jan. 1, 2018. As the executive 

editor, I now steer the process of getting a top-quality magazine out the door 

and into your hands each month. Also, Judy Murray, former E&P editor and 

industry expert, has returned to the team as a senior contributing editor, with 

a particular focus on the offshore market.  

As noted in this month’s “Industry Pulse,” there is a perception that the 

industry is slow to adopt new technologies. But it is a rapidly changing reality 

as advances in automation, digitalization, the Industrial 

Internet of Things and more will leave us with plenty to 

write about in the years ahead. 

https://www.epmag.com/
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Lee Billingham, Innovateer Ltd.

H
ow innovative is the oil and gas industry and those 

within it? The prevailing view is that the sector is not 

innovative; the track record of successful exploitation is 

poor, with a pace bordering on glacial. Yet one can look 

at deepwater developments to see how much technology 

has been deployed in a sector that is working success-

fully to harness difficult-to-reach resources that the 

world needs. How can there be such a dichotomy?

The explanation might lie in the motivating factors 

within companies and projects. When the price of 

oil was high, big, complex or technically challenging 

projects made sense and money. If new technologies 

were needed, they were used (e.g., Total’s Pazflor 

project) and, if they weren’t, then projects relied on 

minimal-risk standard solutions geared toward sched-

ule and price certainty. One approach prompted 

creativity toward a very specific end goal; the other 

avoided innovation and creativity in the interests  

of predictability.

Both approaches led to some success, yet as Bill 

Gates has said, “Success is a lousy teacher. It seduces 

smart people into thinking they can’t lose.” Clearly, 

the industry learned how to deliver projects when 

the price was high, but it did nothing to prepare it 

for when it fell. Indeed, the current downturn has 

brutally exposed the sector’s limitations and vulner-

abilities. The approaches that worked before are 

cumbersome and outdated. The usual cost-cutting to 

make projects and activities viable will only take the 

sector so far; the people within it need to work and 

think differently. Is that even possible after the condi-

tioning of a high oil price world and the demand for 

minimal risk and predictability?

There are positive signs. For example, the new Oil 

and Gas Technology Centre in the U.K. is stimulating 

a new approach. However, the challenges lie with the 

operators and their major contractors. These organiza-

tions hold the key to adoption of innovative practices 

and technologies. How can a change in approach be 

achieved, and what can the industry learn from other 

sectors that will help it evolve?

Adaptive principles
Former Space Shuttle commander Jim Wetherbee spent 

time working within the oil and gas sector and is author 

of “Controlling Risk in a Dangerous World: Thirty Tech-

niques for Operating Excellence.” The lessons he learned 

from planning and leading space missions with lives at 

stake are powerful and entirely applicable to innovation 

in the oil and gas industry. His main observation is that 

most companies try to control (technology) risk through 

rigid rules and procedures that may not be applicable in 

all cases. A better way might be to supplement the closed 

nonadaptive rules with a set of underlying principles that 

will help operators deal with unknown risks and chal-

lenges while allowing innovation with acceptable failure.

“Operational excellence is achieved when an orga-

nization operates to a set of adaptive principles, not 

just mandatory rules and procedures. The key is to a) 

develop the right principles, b) develop techniques of 

operating excellence that follow those principles and 

c) not violate the principles once they are established. 

Once the principles are established and never violated, 

operators can be fairly aggressive in operations and 

even pursue innovation,” Wetherbee said. 

What might the principles be to underpin successful 

innovation in the oil and gas industry? To understand 

the situation, it is probably easier to look at what 

doesn’t work. For example, one well-known operator 

had principles and made decisions based on “safe and 

reliable performance” for its existing operations and 

“start up and stay up” for its new assets. Given the inher-

ent risk with innovation, employees in a company with 

such principles are unlikely to pursue or promote inno-

vative solutions or activities to improve performance.

Josh Valman is the CEO of RPD International, a com-

pany that specializes in delivering innovation for blue- 

chip companies across a variety of sectors, including 

aerospace, automotive and pharmaceuticals. Having 

looked at innovation in oil and gas, he concurred with 

the value and power of principles and the differences 

with other industries. 

“There are some things that people hide behind such 

as regulations or scale or safety, and then there are the 

real problems within the sector that get in the way of 

innovation in that people have siloed skills, and nothing 

Innovation from first principles   
Attitudes toward innovation and technology have hampered the industry’s development 

and competitiveness.

https://www.epmag.com/


EPmag.com   |   January 2018 9

industry
PULSE

really happens without a large project and many people in alignment. Unlike 

other sectors, it looks like there are very few opportunities that allow two or 

three people to experiment and simply try things out.” 

RPD has worked with companies in those other sectors that want to 

improve their ability to innovate and build for the future, often working 

with the CEOs and staff to help build a culture that understands why inno-

vation is important and what will lead to success but also how to listen and 

successfully communicate in relation to innovation. As many of these orga-

nizations are large and can be slow to evolve, let alone innovate, a holistic 

approach that develops the right principles but also seeds the organization 

with the right roles, personnel and working characteristics is key. 

“Mature industries find it difficult to adopt different ways of working,” 

Valman said, “but the idea of innovating in small groups works just as well 

in a large sector with heavy equipment. After all, a large asset is just made 

up of multiple smaller units and activities; it just needs the right approach 

underpinned by the right principles.”

In testing the idea of establishing principles to encourage, foster and imple-

ment innovation, it was interesting to hear the view last October of one oil 

and gas industry technology officer whose global services company employs 

more than 4,000 personnel.  “No one has the freedom to fail in the sector 

anymore; the stakes are too high,” he said, noting those stakes not only con-

cern financial or safety aspects but are public relations-related as well. Bad 

news about failed equipment or operations travels fast, and perhaps herein 

lies the biggest problem of all: Any sort of failure remains a deeply uncom-

fortable and potentially damaging experience in the sector.

Considering the risk
How much of the sector’s fear of failure is real and properly quantified, though?  

How often do companies assess the risks associated with innovation and find a 

way of managing or reducing those risks rather than avoiding them altogether? 

Wetherbee suggested a wise principle might be, “Never take a risk you can’t 

afford to lose,” and before the managers and operators walk away from an inno-

vation that will be beneficial to the company, they should consider the risks asso-

ciated with innovation and address the following questions:

• What is the worst consequence of the innovation risk (i.e., financial-, 

safety- and PR-related)? 

• What is the criticality of the innovation or activity (i.e., is it critical to the 

business’s future)?

• Do I have sufficient control (i.e., if the criticality of the innovation is high, 

can I control the outcome and reduce the worst consequence to an accept-

able level)?

Following this approach of assessing consequence, criticality and control will 

likely reveal that most financial and safety risks related to innovation can be 

managed and that the biggest challenge is in relation to the perceived lack of 

control and the associated fear of failure.

Imagine the release of intellectual and innovative capacity in the sector if, 

once the risks and potential losses from its failure are better structured, artic-

ulated and understood, this last barrier was removed. Imagine the transfor-

mation that could happen if the sector adopted just one principle related to 

innovation while keeping consequences small through operational excellence 

and control of risk: the freedom to fail. 

https://www.epmag.com/
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Leslie Haines, Oil & Gas Investor, and 

Paul Hart, Midstream Business

S
ales abroad of crude oil, natural gas and petroleum 

products have reached more than 7 MMboe/d, rep-

resenting a new industry for the U.S., according to Con-

tinental Resources Chairman and CEO Harold Hamm, 

who heads one of the nation’s largest independent oil 

and gas producers.

Crude oil exports alone may increase to 4 MMbbl/d 

by 2022, according to recent remarks by Enterprise 

Products Partners LP, as the world demands more light 

sweet crude. The problem is, the nation simply is not 

equipped to handle the potential outfl ow after a 40-year 

federal law that prohibited most crude sales abroad. The 

nation’s excellent midstream infrastructure was directed 

to bringing in and distributing oil supplies, not sending 

them out.

The shale revolution changed that. The U.S. has 

re-emerged as a major crude oil and natural gas trader 

on the world’s energy stage.

New infrastructure must go in place to transport and/

or liquefy the gas and load tankers—many of which are 

so large they can’t enter U.S. ports—if the U.S. expects 

to reach its potential. Since Hamm has been a strong 

proponent of energy exports, Hart Energy editors met 

with him at his Oklahoma City headquarters recently to 

discuss the potential and challenges he sees in fulfi lling 

that promise.

Hart Energy: Why are crude exports so important to 
U.S. producers?

Hamm: We can’t control the market, so through con-

tractual arrangements or otherwise oil and gas compa-

nies are quickly changing what they do and how they do 

it. We’ve brought in people to do that, and we’re not 

the only ones. As much as 30% of U.S. oil production 

could be going to foreign countries soon. It would be 

‘game over’ if the U.S. couldn’t sell that oil; that’s the 

name of the game.

The fi rst product shipments were going to South Amer-

ica, but there are a lot of shipments of crude and prod-

ucts now going all over. China is a big market; they have 

a lot of these small—I 

call them ‘teapot’—

refi neries, but some 

of them run 160,000 

barrels per day, which 

is not that small. They 

were required to use 

domestic crude supply, 

but now they can deal 

directly with anybody 

and buy supply from anywhere, and they want to diversify 

their supply. The Chinese are coming here to talk.

China needs our light sweet crude. A lot of foreign 

refi neries were built—and are operated—on the cheap. 

They are not complex and can’t run heavy and sour 

crudes. We’ve found there are a lot of refi neries that 

want light shale oil; there’s a good market for it.

Hart Energy: You recently projected that U.S. LNG 
exports will roughly triple in the long term and take 
about 40% of domestic gas production. Given increasing 
LNG output by Australia and other suppliers, is there a 
suffi cient worldwide market for such large volumes?

Hamm: There is. The short answer is there are a lot of 

LNG markets, and not always where you expect. There 

is a lot of interest even in the Middle East, in Dubai, for 

example, in U.S.-produced LNG. The Middle East pro-

ducers have drilled for gas, thinking there would be a 

lot produced, but really not much has been found. And 

what they found has been sour natural gas, so they hav-

en’t had much success with it. It’s tremendously sour.

We’ve seen LNG exports rise to between 2.5 Bcf and 

3 Bcf per day [70.7 MMcm/d and 84.9 MMcm/d], and 

it could grow to 10 Bcf or 11 Bcf per day [283 MMcm/d 

or 311 MMcm/d] by 2019. We’re off to an awfully good 

start. There are 143 to 147 receiving points around the 

world, and there will be more, so it’s a big market. It’s a 

Delivering on exports 
Continental Resources’ Harold Hamm discusses exports and their challenge to the midstream 

and producers.

Harold Hamm talks to 

Hart Energy in a recent 

interview. (Photo by 

Heather Heindel, 

courtesy of Hart Energy)

https://www.epmag.com/
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lot easier to build receiving terminals than liquefaction 

plants. It is absolutely a good growth industry for us.

And can we compete with Australia and Qatar? Yes, I 

absolutely think we can. We have the infrastructure, and 

we can be the low-cost producer.

Hart Energy: What about Mexico? Will the U.S. continue 

to increase its exported gas volumes across the border 

in the foreseeable future?

Hamm: Mexico has been a very good market. Let’s 

face it, natural gas is cheap and very accessible to 

them. People thought it would be about a 5-Bcf-per-

day [141.5-MMcm/d] market, but it’s going way past 

that. Some people have forecasted that it will go higher. 

A lot of times forecasts and predictions are wrong.

Hart Energy: How have crude exports affected Continental?

Hamm: They benefi t us in a lot of ways. Instead of 

worrying about outlets for our crude, we’re working 

at capacity, and we’re not going to be at the mercy of 

U.S. refi ners—I never want to be in that position again. 

We’re not going to do that anymore.

The balance has shifted. We did have something of 

an adverse relationship with refi ners before the export 

ban was lifted. Some of them actually fought to keep 

it, but the big refi ners, like Exxon Mobil, Chevron 

and Phillips 66, were supportive. Others want to keep 

domestic producers as their milk cow, and we do not 

want to do that.

It’s important to remember that a large share of U.S. 

refi ning capacity—about 30%—is owned by foreign 

crude producers, who bought plants and modifi ed them 

to run their specifi c crudes. They aren’t interested in 

U.S. crude production being exported.

Hart Energy: Has the export market for U.S. crude 

grown as rapidly as you expected following the lifting 

of the export ban at the end of 2015?

Hamm: It has. Lifting the ban had two effects. First, 

within 11 hours, the differential between West Texas 

Intermediate [WTI] and Brent went to zero, though 

Brent has gone back up. Two, the market has grown 

since then to about all the exports we can handle with 

the infrastructure that we have. We really need to be 

able to load those very large ships. A couple of things 

have helped. One was expansion of the Panama Canal. 

The other is the expansion of our ability to load tankers 

for export at our ports.

Hart Energy: Have you heard from overseas crude 

customers that buy U.S. oil? What are their thoughts?

Hamm: We have had early contacts with some of them. 

We talk with South Korea all the time. They were buying 

oil from Iran and some other people they really didn’t 

want to deal with. They wanted to change that perma-

nently and quickly. They want deals that are depend-

able; they’re following the lead of China.

Hart Energy: Can the U.S. gain markets by proving itself 

a dependable source in comparison with Venezuela and 

other politically unstable countries?

Hamm: I’ve said all along that the U.S. can be the pro-

ducer of choice. We are dependable, and we have the 

banks, the rule of law and the courts; contracts matter 

if there are questions. It’s quick and easy to do business 

with us. We knew we’d become the market of choice, 

and we’re seeing that play out.

Hart Energy: You recently said that, overall, domestic 

producers need crude prices at $50/bbl or higher to be 

consistently profi table. Will exports help meet that goal?

Hamm: They will, but there’s quite a bit of variance. 

The impact of exports can be great. There may be a lot 

of supply now, but that’s not sustainable worldwide at 

lower prices. Producers are incapable of sustaining pro-

duction without adequate capex and the EBITDA to 

support it, and we have to have that to generate a 

return for our investors. There’s one inescapable fact: 

The lower the price is, the less revenue you have and 

the less capex you have, and then you can’t meet the 

world demand. 

Producers need a sustainable oil price to meet world demand, 

Hamm said. (Photo by Heather Heindel, courtesy of Hart Energy)
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market
INTELLIGENCE

Richard Mason, Chief Technical Director

E
ach $1 rise in oil price makes industry participants 
smarter. That is especially true in the Eagle Ford 

Shale, which has produced 2.5 Bbbl of oil to date.
And more oil is coming as a new generation of 

E&P companies fleshes out the productive limits to 
the play geographically and geologically. Indeed, 
after a drop in rig count paralleling the decline in 
commodity price in the summer of 2017, the outlook 
is improving across several fronts in the Eagle Ford.

Better understanding of the complex fracture net-
work in the Austin Chalk in the Giddings Field is giving 
new life to a third wave of devel-
opment out of the legendary 
Texas play, where horizontal 
drilling first came to the fore 
in land drilling more than 30 
years ago.

Elsewhere, E&P companies 
are pushing the play’s exten-
sion to Burleson and Brazos 
counties in the East Texas 
Eagle Ford. Finally, a wave 
of private-equity-backed 
players, or recently public 
players via IPOs, is consolidat-
ing the play as larger firms exit. These new entrants 
are importing completion optimization techniques 
from other plays to make their section of the Eagle 
Ford economic.

Such developments argue the Eagle Ford is catch-
ing a second wind. Recent strength in commodity 
prices suggests that may be a tailwind going forward. 

Eagle Ford (and Austin Chalk) operators enjoy 
proximity to the Gulf Coast refinery complex, which 
is enhanced by installed infrastructure, lower water 
cuts, an oilier production profile and lower well costs.

But the main driver of the developmental renais-
sance is completion optimization, which incorpo-
rates increased proppant loading, fluid selection and 
volume, and stage and cluster spacing. Additionally, 
the growing use of diverters is allowing E&P com-

panies like WildHorse Resource Development to 
extend its proved developed reserves acreage into 
the geographic fringes of the Austin Chalk, where 
the company, like cross-play peer Enervest Ltd., is 
successfully applying stage fracturing techniques to a 
naturally fractured reservoir.

In terms of proppant loading, E&P companies are 
importing the Haynesville technique of proppant 
loads exceeding 3,500 lb per lateral foot. Eagle Ford 
E&P companies are discovering that the more sand 
they pump, the greater their production profile will 
be. In general, sand loading has grown from 1,000 
lb to 1,500 lb per foot of lateral three years ago to 
3,500 lb per foot of lateral recently, with experi-

ments testing 5,000 lb per foot on 
49-m (160-ft) spacing. It can 
involve 24 million pounds of 
sand per lateral. 

As elsewhere, the goal is a 
more extensive near-wellbore 
production profile to mini-
mize parent/child well inter-
ference issues. E&P compa-
nies also are employing choke 
management on flowback, 
restricting rates short-term 
and creating a flatter produc-

tion profile but larger cumu-
lative production six months down the road, and 
thus a better type curve. 

Completion optimization is directly responsible for 
improvement in EURs which, in some cases, are twice 
those from three years ago and a 100% improvement 
over the last year. These gains rank the eastern Eagle 
Ford favorably in well yield vs. higher profile plays 
such as the Delaware Basin in West Texas. 

The new Eagle Ford narrative is that newer 
entrants have established the effectiveness of com-
pletion optimization in core acreage and are now 
applying those techniques for better yield across 
large land positions developed via acquisitions to 
extend the core of their holdings and capture addi-
tional proved undeveloped reserves.

It’s a good time to be in the Eagle Ford. 

New launch for the Eagle Ford     
A new round of private-equity-backed E&P companies are using completion optimization to 

improve yield in the Eagle Ford and extend the play’s boundaries and economic potential. 

n Completion optimization is 
revitalizing the Eagle Ford 
and Austin Chalk.

n The Eagle Ford/Austin 
Chalk enjoys competitive 
advantage vs. the Permian.

n A consolidation wave is 
extending the play into  
East Texas.
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H
ebron. Libra. West White Rose. These are all huge 
offshore fi elds that have come onstream recently. 

At some point in their lives they all relied on marine 
seismic acquisition to make them a reality.

And there’s the rub. A lack of exploration has 
severely affected the major marine seismic contrac-
tors. Meaning that oil companies that hope to con-
tinue to announce these achievements might fi nd 
that there are no contractors left to help them fi nd 
these riches.

A recent report from IHS Markit noted that the 
tight inventory of deepwater E&P assets is driving 
prices higher. 

“Reduced exploration spending means fewer world-
class deepwater assets [are] for sale, while the number 
of shallow-water assets has declined,” the report stated. 
“This lack of deepwater asset 
inventory is challenging 
E&P operators who seek to 
acquire assets … to secure 
development funds or 
de-risk their portfolios.” 

“Low oil prices have sig-
nifi cantly reduced operator 
spending on exploration, 
particularly in [deep 
water], which is very costly,” 
according to Cindy Giglio, 
CFA, senior analyst at IHS 
Markit and author of the 
IHS Markit “M&A Topi-
cal Insight—Potential for 
Change in Offshore Dynam-
ics Report.” 

“This means fewer deep-
water discoveries are made 
and even fewer world-class 
assets become available for 
sale or acquisition,” she said. “As a result, those quality 
deepwater assets that do become available are com-
manding premium prices.”

This is good news for those E&P companies that have 
assets for sale. It’s not very good news, however, for the 
marine seismic contractors who help those companies 

fi nd these assets in the fi rst place. CGG, for instance, 
had to undergo major restructuring in 2017 to stay in 
business. A Nov. 13, 2017, press release announced the 
approval of its fi nancial restructuring plan.

“This favorable vote is a new key step forward in 
the implementation of our fi nancial restructuring,” 
said CEO Jean-Georges Malcor. “This fi nancial 

restructuring will allow us 
to have a fi nancial struc-
ture tailored to the diffi -
cult market conditions that 
we are currently facing.”

Things are not any hap-
pier at PGS. The Norwe-
gian company underwent 
a refi nancing at the begin-
ning of 2017, raising about 
$225 million and authoriz-
ing a subsequent offering 
that was oversubscribed 
by 223%. But by year-end 
2017 there were rumors of 
additional problems.

Given the advances in 
marine seismic sensing 
recently, including nodal 
technology, broadband 
seismic and other innova-
tions, I think there’s a 

serious focus on getting the same, or better, infor-
mation in a more cost-effective way. But without 
serious investment from the oil 
and gas companies, there might 
not be anyone left to provide 
the service. 

Read more commentary at 

EPmag.com

RHONDA DUEY
Senior Editor, Exploration 

rduey@hartenergy.com

Keeping things afl oat
The offshore industry continues to shine, but without marine seismic, how long can that last?

The Oceanic Sirius deploys a streamer spread during a 

survey. A lack of offshore exploration is seriously affecting 

companies that specialize in this service. (Source: CGG)
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drilling 
TECHNOLOGIES

P
redicting the future is far from an exact science, 

but it is possible to see trends by looking to the 

past. With a fresh slate of 365 days to work with in 

2018, it is 2017 and the few preceding years that are 

top of mind. In that time we have witnessed laterals 

stretch 1.6 km to 4.8 km (1 mile to 3 miles) into shale 

and tight rock formations. While drillpipe and bits 

are pushed to the limit, the impact of that push is felt 

long after the well is completed. 

Spears & Associates, a Tulsa-based oilfi eld equip-

ment and services market research fi rm, recently 

released a snapshot report on the impact of longer 

laterals on artifi cial lift systems. In the “Drill, Produce, 

Abandon, Repeat” report, the authors applied a lit-

tle scientifi c analysis to the unscientifi c observations 

made by industry insiders. 

Lift sales are the fi rst clue 

about how E&P companies are 

approaching shale fi eld develop-

ments, according to the report. 

“By this point in the cycle arti-

fi cial lift systems should be fl ying 

off the shelves. Sales in 2017 

should be up 20% over 2016, but 

they aren’t. The market [in 2017] 

is up only an anemic 5% over last 

year,” the authors stated. 

The lower-than-expected 

numbers indicate that the 

focus on developing a shale 

fi eld is on “getting the crazy 

long laterals drilled fast and 

cheap [and] getting them fractured for the lowest 

possible cost and onstream as quickly as possible. 

The idea is to produce the well as hard as possible,” 

the report said.

“Most of our customers are saying, ‘drill the well 

cheap and fast, frack it hard, produce it as long as it 

will fl ow [and] shut it in,’” a directional driller said 

in the report. “They are willing to give up the last 50 

years of a well’s life.”

With all of the technology advances made to date 

and future ones to come, is giving up that kind of 

production potential the best and highest use of 

the reservoir?  

A production technology manager noted in the 

report, “We incentivized our drilling engineers to drill 

feet of hole as quickly as possible. In every drilling 

meeting I would tell them, ‘I don’t care if you can drill 

a tight curve, I need a long, smooth path so I can get my 

artifi cial lift equipment into the 

well,’” he said. “They would leave 

the meeting and go right back 

to drilling fast and with a lot of 

doglegs. We’ve always had a hard 

time getting the drilling team 

to think about the needs of the 

production department, but this 

problem may be worse now, and 

the impact might be harsher.”

How can that impact be less-

ened? There’s been much said 

over the preceding years about 

the need to increase collabora-

tion, to break down silo walls 

and communicate across depart-

ments. Perhaps one way to lessen that impact is to 

reward feet of well drilled the fastest and smoothest? 

The report noted that there may not be as much oil 

recovered from these wells with long laterals as being 

advertised and that the prize is huge for the company 

that can develop a low-cost lift technology that works 

in long horizontal wells.

“Long laterals are fairly short-

sighted,” the report stated. What 

do you think? Drop me a note in 

my inbox. 

Longer laterals the best option?
  
The trend of drilling long may be forcing production to pull up short. 

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Executive  Editor

jpresley@hartenergy.com

With all of the 
technology advances 

made to date and 
future ones to come, is 
giving up that kind of 
production potential 
the best and highest 
use of the reservoir?  
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completions &
PRODUCTION

A
t industry conferences around the world execu-

tives from energy companies are acknowledging 

that the industry has a social image problem, one 

that needs to be altered. Studies back that up too (as 

detailed in “As I See It,” p.7). So, as Don Draper was 

prone to say in “Mad Men,” “If you don’t like what’s 

being said, change the conversation.” 

And that’s what oil companies have begun to do. 

Many of us have seen the television ads depicting 

hard-working industry workers using eye-catching 

machines and technologies to provide the energy that 

fuels the world—the focus is on hope, on a good job 

and efforts for the greater good. 

But like many efforts at changing hearts and 

minds, such work begins at the ground fl oor. Or, 

in the case of the Houston Museum of Natural Sci-

ence (HMNS), the fourth fl oor. The HMNS recently 

unveiled its newly redesigned Wiess Energy Hall, an 

immersive, interactive, 

comprehensive and 

technically remark-

able display of the full 

scope of the energy 

industry. In recent 

years similar projects 

have been completed 

at the ultra-modern 

Norwegian Petroleum 

Museum and the 

Aberdeen Maritime 

Museum—public 

exhibits that show the 

good that the energy 

industry contributes to 

the world. 

The HMNS exhibit covers everything from the cre-

ation of hydrocarbon-producing reservoirs to hydrau-

lic fracturing, and just about everything in between, 

including renewable energy, where the display fea-

tures prominently in the center of the exhibit and not 

as an afterthought amid the confl uence of traditional 

hydrocarbon sectors. 

The whole experience is educational, informational 

and, perhaps most importantly, it’s fun. A jarring ride 

in the EXF 3000 simulation takes visitors down a hori-

zontal wellbore where they’re “shrunk” down to the size 

of a grain of sand and nestled into a fracture with prop-

pants, only to be pumped out, resized and “fl own” back 

to the museum. It’s a literal crash course in hydraulic 

fracturing and, most of all, it leaves them with a good 

feeling. There’s even a convincingly realistic display of 

a 21st century offshore 

drilling rig. 

“We want to show 

you anything and every-

thing you ever wanted 

to know about energy,” 

said Paul Bernhard, 

director of exhibit 

content for the Wiess 

Energy Hall. “Energy is 

essential and a constant 

part of our daily lives, 

so much so that people 

take it for granted. We 

want to show that the 

energy itself is valuable, 

but also what’s valuable is the work that energy does 

and the things that energy produces.” 

Earning a better public perception will take effort 

and time for the global energy industry—embracing 

renewable energies has been a welcome 

change in the court of public opinion. 

Outreach efforts like these museums 

could very well play such a role.

Read more commentary at 

EPmag.com

BRIAN WALZEL
Associate  Editor, 

Production Technologies

 bwalzel@hartenergy.com

Helping change the conversation 
about energy  
New exhibit helps facilitate oil and gas social perception.

‘Energy City’ is a 232-sq-m (2,500-sq-ft) 3-D landscape in the Wiess 

Energy Hall representing Houston that uses projection mapping 

technology to show the energy value chain cycle from day to night. 

(Source: Houston Museum of Natural Science)
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offshore
ADVANCES

S
ustained low oil prices have cast a pall on the off-
shore industry, but despite the very real likelihood 

that oil prices will remain at about $60 for the foresee-
able future, operators in the Gulf of Mexico (GoM) 
are not throwing in the towel. Instead, they are look-
ing closely at their deepwater assets and asking not if 
they can be developed but how.

GoM exploration activity in 2017 was a good indica-
tor of the level of interest in deep water. Nearly all the 
GoM discoveries in both the U.S. and Mexico were 
deep- and ultradeepwater fi nds, a sign that operators 
are still pursuing deepwater plays and fi guring out 
how they can be profi table at $50 and below.

Some analysts continue to see the area as attractive. In 
a recent interview with E&P, Deborah Byers, U.S. Oil & 
Gas Leader; Americas Industry Leader at EY, said she is 
optimistic about deep water, pointing out that the indus-
try needs to open up 
new horizons. “Even 
if demand is fl at,” 
she said, “we have 
to continue to make 
investments to meet 
demand on a global 
basis.” Another rea-
son for her optimism 
is that cost curves 
have come down 
signifi cantly in deep-
water operations.

“Some of this is transferring technologies and 
methodologies that the companies have learned from 
offshore operations, but some of it is just being leaner 
and meaner,” Byers said, and this leads to effi ciencies. 
“All of that discipline is fi nally coming to fruition.”

Companies like BP are starting to reap the bene-
fi ts. The Thunder Horse South Expansion is a case 
in point. In January 2017 the company announced 
that fi eld startup was 11 months ahead of schedule 
and $150 million under budget. This pronounce-
ment followed the company’s offi cial announcement 
in December 2016 that the Mad Dog 2 project also 

would move forward. BP spent two years revising its 
development concept for Mad Dog 2 and managed to 
reduce the overall project cost by 60% in the end. 

BP Group CEO Bob Dudley said in an offi cial 
statement that progressing Mad Dog 2 “shows that 
big deepwater projects can still be economic in a low-
price environment in the U.S. if they are designed in a 
smart and cost-effective way.”

Around the indus-
try companies are 
making the critical 
investments that will 
allow innovation to 
fl ourish. A team from 
Robert Gordon Uni-
versity in Aberdeen 
in collaboration with 
funding partners 
The Oil & Gas Tech-
nology Centre, KCA 
Deutag and Drilling 

Systems along with technical support from Baker Hughes, 
a GE company, has developed a world-fi rst decommission-
ing simulator for well plugging and abandonment to sup-
port decommissioning activities. And TechnipFMC has 
released what it calls Subsea 2.0, a design the company 
said costs roughly 50% of a traditional subsea system that 
can be deployed almost 12 months faster.

While the obstacles to profi table deepwater develop-
ment are signifi cant, it is clear that 
today, as in the past, the offshore 
industry is rising to the challenge 
with creative solutions. 

Read more commentary at 

EPmag.com

JUDY MURRAY
Senior Contributing Editor, 

Offshore

jmurray@hartenergy.com

Deepwater development still viable 
in the GoM
Innovation and determination open a path to production. 

Of the GoM discoveries recorded between January and October 2017, the 

majority were in deep and ultradeep water. (Source: Clarksons Research)

OPERATOR FIELD COUNTRY SECTOR
Pemex Doctus Mexico Ultradeep Water

Anadarko Petroleum Corp. Calpurnia U.S. Deep Water

LLOG Exploration Co. LLC Khaleesi U.S. Deep Water

LLOG Exploration Co. LLC Mormont U.S. Deep Water

Deep Gulf Energy LP
Rampart 
Deep

U.S. Deep Water

Royal Dutch Shell Plc Whale U.S. Ultradeep Water

BHP Billiton Ltd. Wildling U.S. Deep Water

Talos Energy LLC Zama Mexico Shallow Water
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digital
SOLUTIONS

Chuck Rathmann, IFS

D
igital transformation is changing the way people 

live, but it’s also changing the way people do busi-

ness. To remain competitive, businesses are making 

changes and introducing new technologies that reduce 

cost, create new revenue opportunities and improve the 

customer experience.

In complex industrial settings realizing digital trans-

formation can be a challenge. Asset-intensive businesses 

and complex field service operators should apply tech-

nology very differently than other sectors.

Digital transformation depends on usability
Usable systems engage people. To realize digital trans-

formation, highly usable enterprise software is needed. 

A consumer application like Facebook is sticky to the 

point where it is hard for many users to stay off it, and 

once they are on, they can lose track of time. Without 

this engagement, even a firm mandate from senior 

management to use a system of record will not always 

be successful in ensuring that information critical to the 

enterprise winds up in a central repository used to make 

corporate or board-level decisions.

A recent usability survey commissioned by IFS and 

covering more than 200 industrial users of enterprise 

resource planning (ERP), field service management 

and enterprise asset management looked at how 

enterprise software usability affects the ability of 

these industrial organizations to digitally transform 

their operations. The study found that respondents 

who said their enterprise software prepared them 

well for digital transformation were more likely to 

report the software was very easy or somewhat easy to 

use (Figure 1). 

Usability is about more than the interface. Respondents 

and industrial workers, in general, want their software to 

deliver enhanced usability by offering better integration 

between modules and by making it easier to align the 

software with changing business needs.

Does Excel run production?
When ERP fails to deliver the usability a company’s 

employees require, they find a way around it by using 

another system. The IFS study found in situations where 

enterprise software usability was poor, a 

sizable majority of respondents (88%) 

said they would be likely to use spread-

sheets instead of their ERP system, with 

84% citing Microsoft Excel (Figure 2). 

If ERP in a business stands for “Excel 

runs production,” it is missing out on 

the key benefits that an enterprise 

solution is designed to deliver, includ-

ing increased visibility, governance 

and control. If employees can bypass 

an ERP solution, the processes are 

distributed in far-flung and discon-

nected spreadsheets. Determining how 

information and value flow through a 

company will be a challenge. In addi-

tion, users will experience a higher risk 

profile than those with agile, effective 

enterprise systems. 

ERP usability connects people  
and processes      
Survey respondents indicated the usability of a company’s ERP system is critical to success 

of its digital transformation. 

FIGURE 1. Survey responses show that readiness levels for digital transformation are 

higher where the enterprise software is very or somewhat easy to use. (Source: IFS)
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Poor software usability drives away  
best employees
As complex industrial organizations seek to evolve, there 

are several things that can hold them back. Poor enter-

prise software may not support their developing oper-

ation, and this lack of enterprise software usability can 

cause talented managers to leave for greener pastures.

The study found that on average 26% of respon-

dents said they were definitely or somewhat likely to 

change jobs over poor software usability. However, 

the average tended to increase based on age—45% of 

the 36- to 45-year-olds and 33% of the respondents in 

the 46- to 55-year-old and 56-plus categories said they 

were definitely or somewhat likely to change jobs 

over poor software usability. 

The younger demographics, the 18- to 35-year-

olds, don’t always have the best understanding of 

enterprise software. Only 26% said they are defi-

nitely or somewhat likely to change jobs over poor 

software usability. This may also be because they are 

not secure enough in their profession at this stage 

in their career or because they are dealing with rel-

atively straightforward elements of enterprise soft-

ware such as work orders, field service technician 

interfaces or engineering change orders. 

This is interesting when compared to the older and 

more senior-level employees. When let down by poor 

software usability, the research found that 45% of 

mid-career and senior executives would leave for other 

organizations. Poor usability sends the skills, knowl-

edge, business connections and creative capacity out 

the door, leaving a business with a pool of employees 

who are lacking experience in these areas (Figure 3).

Losing the movers and shakers
Another piece of recent research showed a lack of talented 

employees is one challenge businesses face in pursuing 

digital transformation. More than one-third of companies 

(34%) felt either slightly or totally unprepared to deal with 

digital transformation due to talent deficiency. 

Highly usable enterprise software facilitates digital 

transformation. And professional, ambitious people 

demand usable, agile software that helps rather than 

creates a barrier as they work to drive value. The 

ability to digitally transform depends on talented 

people, so enterprise software usability is essential 

for digital transformation. 
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FIGURE 2. In situations where enterprise software usability was poor, 

88% of respondents said they would be likely to use spreadsheets 

instead of their ERP system, with 84% citing Microsoft Excel. (Source: IFS)

FIGURE 3. About 40% of survey respondents indicated they

would speak up about usability issues if ERP software is  

difficult to use. (Source: IFS)
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COVER STORY: 

HYDRAULIC FRACTURING

W
hat an amazing ride the past few 
years have been in the world of 

hydraulic fracturing. The technique and its 
application have matured considerably from 
the days when hydraulic fracturing was 
often a bigger hammer of more pressure, 
water, sand and the kitchen sink if it would 
fi t. The shale plays needed permeability to 

release the hydrocarbons trapped inside, but 
what worked in one play did not often trans-
late into another. Operators learned that 
experimentation was key and that as lateral 
lengths and proppant loads increase, so do 
production returns. 

This month E&P takes a look at the tech-
nologies making a signifi cant impact in the 
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New technologies bring clarity to the market.

Jennifer Presley, Executive Editor
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HYDRAULIC FRACTURING

Coiled tubing operations are refl ected at dawn 

on a Comstock Resources gas drilling operation 

in the Haynesville Shale. (Photo by Tom Fox, 

courtesy of Oil and Gas Investor)   

Eagle Ford Shale of South Texas. We also 
review how one pressure pumping company 
through its selection and procurement of its 
equipment from a single source rather than 
piecemeal has delivered signifi cant reliabil-
ity and uptime results for its customers. 

Other articles examine new micro-
proppants, how new chemical diverters 

are  making inroads in the Delaware Basin 
as well as a look at where one com-
pany sees the proppant markets in the 
year ahead. 

Advances in hydraulic fracturing will con-
tinue to generate greater efficiencies, 
increased production and improved market 
clarity for operators for years to come. 
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COVER STORY:  

HYDRAULIC FRACTURING

Rhonda Duey, Senior Editor, Exploration

H
ydraulic fracturing is one of the most important tech-

niques to impact the oil and gas industry over the past 

several decades. But while it obviously works to open cracks 

in the rock to improve recovery, no one really knows what’s 

going on down there; they can only theorize.

At Hart Energy’s recent DUG Eagle Ford conference, 

a technology panel focused on fracturing and some of 

the new techniques being used to continue to improve 

the technology.

Smarter wells
CEO of Reveal Energy Sudhendu Kashikar kicked off 

the session by arguing that operators can gain fracture 

intelligence on every well in a 

manner that’s simple, accurate 

and affordable. 

“After drilling and complet-

ing thousands of wells, there is 

still significant uncertainty in 

the industry about spacing and 

completion designs,” he said, 

adding that existing technology 

does not enable full optimiza-

tion and is intrusive, complicat-

ed and expensive. 

His approach is disarmingly 

simple—mount a pressure 

gauge on a monitor well while 

an adjacent well is being frac-

tured. The result is an IMAGE 

Frac fracture map. The method 

requires no wellsite personnel and is nonintrusive and 

affordable, he said.

The idea behind pressure-based fracture mapping is 

to first establish a monitor stage. The operator sets a 

bridge plug and then fractures the monitor stage. After 

the fracture is completed, the wellhead is shut in and 

equipped with a high-resolution pressure gauge.

Assuming a plot of three wells, the next phase is to 

monitor stage 1 in the second well while fracturing 

stages 1 to 15 in the first and third wells. In the next 

phase wells 1 and 3 undergo monitoring of stage 15 

while stages 2 to 28 are fractured in well 2. In the final 

phase stage 28 of well 2 is monitored while stages 16 to 

28 are fractured in wells 1 and 3.

Multiple deliverables are available, including Frac-

SCAN, ProppantSCAN and PerfSCAN.

The system can be used for a variety of studies. In one 

example the operator was comparing slick water to gel. 

The system showed that the slick water provided good 

cluster efficiency, while the gel fracture was dominated 

by a single cluster. It’s also been used to evaluate the 

efficiency of different diverters. 

Overall, Kashikar hopes to go from science wells to full-

field implementation of the system. He claimed that the 

simple, accurate and affordable system will help operators 

update their completion and design spacing and manage 

geological and financial risk while obtaining actionable, 

relevant-time answers.

Engineered completions
In a similar vein, Dale Logan, 

vice president of reservoir 

technologies for C&J Energy 

Services, described a service 

that helps operators manage 

engineered completions. Called 

LateralScience, the system uses 

an equation factoring in weight 

on bit, rpm, rotary torque, 

ROP, differential pressure, 

standpipe pressure and mud 

flow rate. The result is a plot 

that looks like a well log and 

measures the hardness of the 

rock along the wellbore.

Logan listed common questions that he gets asked 

about the service:

• How does measuring mechanical specific energy 

(MSE) compare to sonic geomechanics?

• Does well productivity really vary as the lateral varies?

• Do engineered completions really deliver better wells?

In a Marcellus example, he showed that the service 

compares very well to sonic geomechanics in most cases, 

and in one case where it didn’t compare well it was 

because the operator had trouble getting valid sonic 

measurements in that well.

What’s going on down there?  
Panelists discuss new technologies and techniques for hydraulic fracturing.

By mounting a pressure gauge on a monitor well while an 

adjacent well is being fractured, an IMAGE Frac fracture 

map can be generated. (Source: Reveal Energy)
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To test well productivity variability, the system was tried 

on a well that had production log information available. 

The well was completed in a 29-stage geometric pattern, 

and it turned out that about half of the stages were 

homogeneous, while the other half were heterogeneous. 

In another example, production logs indicated that 

of the 86 clusters in the well, only 59 were contributing 

to production. The more poorly performing stages cor-

related well to the rock hardness data.

To answer the final question, the company studied 

a group of wells in the Wolfcamp Formation in the 

Permian Basin. Two metrics were used to determine the 

efficiency of the engineered completions: boe/month/

lateral ft and boe/month/pound of proppant. The 

conclusion was that the wells with the engineered com-

pletions showed significant performance improvements 

over those completed geometrically.

Logan concluded that LateralScience does compare 

favorably to sonic geomechanics, lateral variability 

results in variations in fracture propagation, MSE varia-

tions correlate with production and engineered comple-

tions really do deliver better wells.

Dissolving balls
Bill Warfield, extrusion manager for Magnesium Elek-

tron, discussed dissolvable fracture balls and the con-

siderations that operators need to be aware of when 

selecting them. His company’s fracture balls are cast, 

extruded and tested in-house and can be tailored for 

strength and ductility depending on the application.

Magnesium will dissolve in the presence of water and 

chlorides, both of which are present in a wellbore. But the 

speed at which it dissolves is also controlled by pressure 

and temperature. The company manufactures four dif-

ferent product lines that 

accommodate varying well-

bore conditions and make 

tradeoffs between strength 

and ductility.

Overall, Warfield said 

understanding tempera-

ture, chloride content 

and the differences 

between alloy types is 

the secret to a success-

ful completion.

Diverters
One of the many chal-

lenges in a fracturing job 

is trying to ensure that 

the fluid cracks as much rock as possible and doesn’t 

just create one giant fracture. The industry uses diver-

sion technology to try to prevent this from happening. 

Jason Baihly, commercial and risk assessment manager 

for integrated production services for Schlumberger, 

discussed his company’s diversion product, known as 

BroadBand Shield. Baihly noted that the industry has 

been using some sort of diversion technology for 70 

years and that there have been 200 patents awarded in 

the last 40 years. Diverter materials have included rock 

salt, benzoic acid flakes, various types of balls and dis-

solvable particulates.

Schlumberger studied a group of wells in the Eagle 

Ford Shale to compare “parent” and “child” wells and 

discovered that even though the child wells usually had 

been completed with more proppant, they were not 

performing as well as the parents.

The company’s diverter technology uses multiple 

materials and particle sizes so that the large particles 

bridge at narrow points in the fracture and the small 

particles create a far-field diversion pack. This should 

help stop runaway fracture growth in the child wells and 

interference with the parent wells’ fracture networks.

Baihly noted that the diverter is pumped before the 

proppant stages and usually accounts for 8% to 15% of 

the total proppant volume. In one Eagle Ford example 

production from the parent well improved after the 

child well was pumped.

In summary, he noted that child wells are becoming a 

growing problem but that billions of dollars in upside 

can be unlocked through capturing their full produc-

tion potential. He also noted that Schlumberger believes 

so strongly in this technology that it’s willing to not get 

paid unless the child well’s performance improves. 
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The MSE technique compares favorably to sonic logs. (Source: C&J Energy Services)
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Chris Tanguay and Michael Smith, U.S. Silica

P
roppant selection has long been considered one of 

the critical success factors in well stimulation. Over 

the years, proppants have ranged in size from 12/20 

mesh and 16/30 mesh all the way down to much finer 

100 mesh, which is very common. As the industry has 

seen the demand for proppant continue to move to 

finer mesh sizes, U.S. Silica decided to investigate what 

products might be available that are smaller than the 

100-mesh product offered today and could easily be uti-

lized in fracture stimulation design to access an existing 

or induced fracture network that remains untapped.

As the oil and gas industry learns more about uncon-

ventional shale fracturing, it appears that an extensive 

naturally occurring secondary fracture network of 

induced and natural fissures is present in many shale 

wells. These secondary fracture networks have been 

estimated to take as much as 90% of the total liquid vol-

ume pumped during a hydraulic fracturing stimulation. 

However, just because the fracturing fluid goes into 

these secondary fractures doesn’t mean the proppant 

does. These secondary fracture widths are estimated to 

be in the low micron range (50 μm). Even the smallest 

of conventional proppants used today would be too 

large to access this fracture network and provide stimu-

lated production pathways to the main fracture. 

If the proppant cannot go into the secondary natural 

fractures due to its size, then the secondary fracture net-

work will most likely close and constrict upon pressure 

drawdown, leaving a majority of the stimulated reservoir 

volume (SRV) ineffective or wasted during the pro-

duction phase. To take full advantage of the SRV and 

access the full potential that lies in the secondary net-

work, a smaller proppant is required to penetrate, stim-

ulate and dilate this vast untouched reservoir volume. 

U.S. Silica has developed the Micro Stim proppant 

product line. Available in two sizes, this new family of 

microproppants includes the Micro Stim (200 mesh/75 

μm) and the Micro Stim Plus (325 mesh/44 μm). For 

reference, Micro Stim proppant has a target median 

particle diameter (MPD/D50) that is equivalent to the 

thickness of a human hair, while Micro Stim Plus prop-

pant has half this MPD with a particle size distribution 

that reaches into the nanoparticle-range. 

These microproppants facil-

itate the stimulation of the 

untouched and unrealized 

secondary fracture network by 

penetrating these fractures, 

propping them and provid-

ing conductive pathways for 

increased production. There 

have been stimulation designs 

using these microproppants as 

a lead-in product and Micro 

Stim as the primary proppant 

completed across the U.S. For 

example, in December 2017 the 

company provided 9 million 

pounds of Micro Stim prop-

pant for a job in the Marcellus 

Shale, where it is being utilized 

as the primary proppant. 

Microproppants unlock the  
potential of secondary fractures  

Microproppants may hold the key to increased production,  

longer effective fracture lengths and higher EURs.

This graph depicts the typical median particle diameter vs. mesh size with the associated  

scanning electron microscope photomicrographs images (all at 100x magnification) for size 

comparison. (Source: U.S. Silica)
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Settling rate, proppant transport 
Due to the smaller particle size the Micro Stim proppants 

will not only access the smaller fracture widths but will 

have an improved settling velocity rate since settling rate 

decreases proportionally with a reduction in particle size. 

Laboratory testing has shown that standard 100-mesh 

proppant has a settling rate that is three times faster than 

Micro Stim and 14 times faster than Micro Stim Plus 

proppants in ordinary tap water. Further amendments to 

the fluid chemistry will only enhance the inherent reduc-

tion in settling rate of these proppants, allowing further 

penetration in the secondary natural fracture. Because of 

this dramatic reduction of the settling rate, these micro-

proppants have enhanced proppant transport character-

istics. This enhanced mobility allows the proppant to stay 

suspended in low-viscosity fluid and at low volumetric 

flow rates. The improved suspension performance allows 

these microproppants to transverse farther away from 

the wellbore through the irregular and complex geome-

try of a secondary fracture as it approaches the fracture 

tips to increase effective fracture length and thus leave 

more surface area propped. 

Fine details
The Micro Stim proppant is a whole-grain product 

that can be transferred through typical existing trans-

fer equipment for conventional proppants, similar to 

100-mesh proppant. The capability to utilize this equip-

ment allows immediate utilization in the field with no 

equipment alterations. It is selected from a high-purity 

silica source (more than 99.5%), which maintains high 

hardness and enables an inert-like behavior in fractur-

ing fluid compatibility like all other existing silica sands. 

The company has multiple mine locations across the 

U.S. capable of producing this material to meet large 

volume demands with short lead times and access to all 

major Class 1 railroads.

The Micro Stim Plus proppant is ground silica flour 

refined from a quality high-silica ore (more than 99.5% 

silicon dioxide) and sized to specification. The ground 

silica has been used in recent years as a lead-in prop-

pant in multiple wells, formations and regions. The 

high-purity silica content will facilitate an inert nature 

to fluid interaction and formation damage (e.g., clay 

swelling). The particles are not spherical in shape but 

do maintain the hardness (7 Mohs) equivalent to con-

ventional silica proppants. This is a distinct advantage 

compared to other micro/nano-sized particles that do 

not have an equivalent hardness. 

Bulk shipments require specialized equipment and 

engineering controls to ensure the product will not 

cake or bridge along with respiratory exposure reduc-

tion and mitigation for HSE considerations. Ground 

silica flour has been used for years in the industry as an 

additive for cementing and is being used within fractur-

ing applications as well.

The company has seen many changes in the selec-

tion and utilization of proppants over the past decade 

and helped lead proppant innovation over that time 

period. The development of the Micro Stim proppant 

family for the stimulation of secondary natural frac-

tures is the next evolution for proppants in the stimu-

lation design. Microproppants could hold the key to 

vastly increasing effective fracture lengths and SRVs 

and adding significant value to the well’s financial per-

formance and longevity. 

References available. 
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Dave Sobernheim and Bill Scanlan, Keane Group

The North American shale revolution is far from over. 

Having learned how to unlock commercial volumes 

of oil and gas from these ultratight formations, opera-

tors and service companies are now focused on the twin 

strategies of trimming drilling and completion costs 

and increasing production from each wellbore. And in 

recent years those efforts have been largely successful. 

According to a March 2016 U.S. Energy Information 

Administration (EIA) report, 2015 drilling and com-

pletion costs in five major U.S. onshore regions were 

“between 25% and 30% below their level in 2012, when 

costs were at their highest point over the past decade.” 

Those savings are attributable in large part to the 

introduction of shale-specific technology. The use of 

bits and fluids designed specifically for drilling long 

sections of shale has lowered the cost of well construc-

tion at the same time that an explosion in available 

data from real-time downhole and surface sensors has 

enabled drillers to steer wellbores efficiently and pre-

cisely for optimal wellbore placement.

The key to further cost reductions lies in the devel-

opment of more efficient hydraulic fracturing oper-

ations. According to the EIA study, which included 

wells drilled in the Bakken, Eagle Ford, Marcellus and 

Permian Basin, hydraulic fracturing and proppant 

together account for about 38% of total well costs. 

Isolating fracturing treatments
Hydraulic fracturing accounts for such 

a large portion of overall well costs 

because of the time-intensive process 

of perforating horizontal shale wells 

in stages. Operators are continuously 

driven to find methods for reducing 

operational costs by increasing effi-

ciency. Diversion, achieved chemically 

or mechanically, has been introduced 

to distribute treatment fluids uniformly 

over targeted intervals. Chemical 

diverters are temporary bridging agents 

made up of particulate materials that 

are water-insoluble and oil-soluble. The 

first documented use as a downhole 

seal was in 1930, and the chemistry 

behind diverter technologies has 

advanced significantly since. 

In fracturing operations chemical 

diverters are run as pills after the flush 

to form plugs across perforations that 

isolate the treated zone and divert  

fracture fluids to untreated areas of  

the well. The pills are designed to 

degrade predictably with time and tem-

perature through hydrolysis to allow 

the treated zone to flow unimpeded. 

Like mechanical methods such as a ball 

Blowing the Permian curve  
Optimized completion design outperforms type curve in the Delaware Basin and  

delivers improvement in operational efficiency.

Jagged Peak reports remarkable results with its optimized design that has incorporated 

chemical diversion. (Source: Keane Group)

JAC 9,000 ft Type Curve (1 MMbbl of oil/1-2 MMboe)

State Skinwalker 2-8 1H

State Ronald 4-J McDonald 1H

Eiland 0812A-GG Houston 1H

Chupacabra 1213-7-1H

Eiland 1112A-GG-1H

300

250

200

150

100

50

0
0 30 60 90 120 150 180 210 240 270

Days Online

C
u
m

u
la

tiv
e

 O
il 

P
ro

d
u
c

tio
n
 (
M

b
b

l o
f 
o

il)

Completion Parameters

Completion Design Optimized Completion Historical Design

Pump Rate > 80 bbl/min > 80 bbl/min

Cluster Spacing < 20 ft 40-65 ft

Stage Spacing 220 ft 180-550 ft

Proppant/Ft 2,000 lb 2,500 lb

Fluid/Ft 65 bbl 85 bbl

Diversion Yes No
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drop system, particulate diverters enhance the fracture 

network by forcing more perforations to take fluid and 

can eliminate plugs between stages and thus require no 

wireline or coiled tubing intervention. In contrast to 

ball drop systems, the seal formed by diverters is inde-

pendent of pump pressure; if the pumps fail or are shut 

down, the seals remain in place in the perforation tun-

nels until it degrades.

Maximizing efficiency
West Texas operator Jagged Peak Energy has worked to 

optimize its completions and maximize return on invest-

ment in the challenging Delaware Basin arena—specif-

ically the southern region in Ward and Pecos counties. 

This area is known for its high treating pressures during 

hydraulic fracturing as well as many other intrinsic chal-

lenges. Slickwater designs incorporating large volumes 

of water and proppants have been deployed throughout 

the area. The operator’s historic completion designs 

placed large volumes of about 2,500 lb of proppant per 

perforated foot of lateral using upward of 85 bbl of fluid 

per foot to carry this proppant. West Texas wells often 

incorporate resin-coated proppant as a tail within each 

stage to aid in minimizing sand flowback post-comple-

tion. All of these factors impact economic feasibility of 

a play, and strategic improvements to proppant place-

ment within targeted zones can positively impact well 

performance and the bottom line for the operator. 

Jagged Peak developed an optimized completion 

design that incorporates chemical diversion as well as 

smaller stage size and an increased number of perfo-

ration clusters to more efficiently stimulate the forma-

tion. The aim of these process changes is to increase 

the intensity of the fractured interval and maximize 

stimulated reservoir volume (SRV) to increase poten-

tial EUR. The company contracted Keane Group, a 

hydraulic fracturing service provider experienced in the 

Wolfcamp and Bone Spring formations, to implement 

the design and provide a diverter customized to meet 

operational specifications. 
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When increasing the number of perforation clusters 
within a smaller stage, there are inherent issues with 
cluster inefficiency. An overabundance of holes reduces 
the flow rate per perforation and can leave many per-
forations under- or unstimulated. The diversion chem-
istry Jagged Peak selected for its completion design is 
designed to flow to the path of least resistance; it fol-
lows where the proppant has been going to seal off the 
flow and forces the fluid and proppant to an alternate 
path through other perforations. The result of using 
chemical diverters is that more perforations are stimu-
lated and fracture intensity is improved. The net result 
is that more of the rock volume is stimulated and the 
surface area of the fracture network is maximized. 

Outperforming offset wells
Jagged Peak’s optimized design is a next-generation 
step toward improved well performance. With shorter 
stages, increased perforation clusters and chemical 
diversion, the design with cluster stimulation has 
improved well performance of these optimized wells, 
which are outperforming the type curve by 35% based 
on EUR per 305 m (1,000 ft). The optimized design 

resulted in decreased pumping time per stage and 
improved efficiency by 22% for the Jagged Peak and 
Keane Group. By shaving hours off each stage, the 
improvement increased the number of stages per day 
completed by the crew. 

As Keane’s ReDirect 3500 diverter technology is 
introduced in the West Texas market, more opera-
tors will benefit from not only the strong diverting 
capability but also the enhancements to near-wellbore 
conductivity and sand flowback control. Establishing 
a reliable control on proppant flowback will give 
operators like Jagged Peak an opportunity to further 
cut costs that might have been spent on resin-coated 
proppants previously, saving potentially $40,000 to 
$50,000 per well. 

The application of diverters in West Texas has prov-
en successful on numerous wells, so this method has 
a long-term place in Delaware and Permian Basin 
operations. Diverters provide myriad benefits, not  
the least of which is helping to mitigate long-term 
well maintenance issues by ensuring the sand stays 
where it is pumped into the formation and not back 
in the wellbore. 
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A close-up view of the ReDirect 500 chemical diverter (left) used in this case study and ReDirect 3500 hybrid diverter (right) for the 

next generation in diverter technology is shown. (Source: Keane Group)
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Ryan Supak and Stephen Forrester, NOV;  

Reid Thompson, Legend Energy Services

I
n 2010 oil prices were elevated and business models 

were centered on high-cost, high-production fields. 

Since then hydraulic fracturing, one of the most preva-

lent unconventional completion techniques, has achieved 

significant growth in the oil and gas industry. Production, 

particularly in the U.S., has experienced expansion so 

significant that hydraulic fracturing has rapidly become 

the largest source of growth in global oil production. 

Despite this growth in production, the industry downturn 

and oil price collapse that began in late 2014 has driven a 

fundamental shift in North American drilling dynamics. 

As prices declined, many worried that operators would 

be fearful of investing in new wells and that the hydraulic 

fracturing boom would be over before it really began. 

However, the outcome was anything but dire. 

Recognizing the need to be profitable despite oil 

prices falling more than 50% over several years, North 

American shale projects with breakeven prices hovering 

around or below current equilibrium pricing became a 

dominant force in shaping an industry on the rebound. 

Advanced technologies and continuous operational 

improvements created 

new efficiencies in  

cost and productivity. 

This sparked a major 

increase in both the 

quantity and intensity  

of hydraulic fractur-

ing projects in North 

America, particularly in 

the most productive plays 

like the Permian Basin. 

Although fewer wells are 

being drilled, production 

has largely continued  

to rise as prices have 

slowly stabilized.

To address the increase 

in demand for fracturing 

activities and establish a 

foothold in the changing 

land drilling market, 

Legend Energy Services 

purchased three full  

fleets of fracturing equip-

ment from National 

Oilwell Varco (NOV). 

This initiated Legend 

Energy Services’ transi-

tion from a coiled tubing 

(CT) focused supplier to 

Single-sourced fleet built for hydraulic 
fracturing service provider 

Companies partner to build three hydraulic fracturing fleets for use in  

varying environmental and geological conditions.

Legend Energy Services provides hydraulic fracturing services to a customer in Zulch, Texas, in spring 

2017 with a fracturing fleet built by NOV. (Source: NOV)
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a complete hydraulic fracturing service provider for the 

North American shale market.

Partnership

In late 2016 Legend Energy Services saw that demand 

for quality hydraulic fracturing equip-

ment would soon outstrip supply and 

quickly seized this opportunity to enter 

the hydraulic fracturing market. The 

company turned to NOV to build three 

complete fleets of fracturing equip-

ment, which consisted of equipment 

from the Mission, Anson, APPCO and 

Rolligon product lines, broken down 

into the following categories:

• Pumping equipment such as frac-

turing pump units with high-pres-

sure and high-flow-rate capabilities 

for use in demanding projects;

• Process equipment including 

blenders, liquid additive systems, 

hydration units, dry additive mix 

units and data vans;

• Proppant handling equipment 

including fracturing sanders,  

multisanders and silo systems, and

• High-pressure systems such  

as fracturing manifolds, irons  

and wellheads.

As a single supplier NOV built and 

delivered a tailor-made turnkey solu-

tion that met Legend Energy Services’ 

exact specifications. The benefit of 

receiving fracturing fleets from one 

equipment provider vs. piecing togeth-

er fleets from various vendors was the 

minimized risk of pieces of equipment 

failing to operate together as a coher-

ent and efficient system.

In addition to having a common oper-

ations software across all of its fleets, 

NOV’s software platform was leveraged 

by Legend Energy Services to achieve 

reductions in complexity and training 

requirements, reductions in data errors 

and safety risk and reductions in rigup 

times. These benefits result in robust 

system reliability and easy access to data 

to optimize fleet performance.

The companies partnered on frac-

turing sites in Central/East Texas and 

South Texas from the Eagle Ford to the Austin Chalk, 

highlighting the versatility of the fleet for use in varying 

environmental and geological conditions. Furthermore, 

having both hydraulic fracturing fleets and CT services 

enabled hydraulic fracturing and CT services on the 
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same site, reducing downtime associated with equip-

ment change-outs and the difficulty of dealing with 

several service providers who have different job site pro-

cesses and procedures. 

Digital technology 
Future improvements to fracturing fleets and Rolligon 

control systems will be dependent on the rate of adop-

tion of Big Data as an industry solution. Single-source 

control systems when integrated with such a solution 

have the ability to track data about all assets equipped 

with the proper sensor arrays. Integration with the data 

solution allows basic data manipulation and data trend-

ing to be identified across all assets outfitted with the 

sensor arrays. If a Big Data solution is combined with 

an integrated asset maintenance system, predictive- and 

condition-based maintenance also becomes available, 

enabling incremental cost savings. To this end NOV is 

developing a method of collecting data from pressure 

pumping equipment to transmit to its Max industrial 

data platform. This platform enables large-scale aggre-

gation and analytics of real-time equipment data to 

improve performance while decreasing maintenance 

costs across products and systems.

Demand continues to drive market
Hydraulic fracturing and shale drilling will continue 

to dominate the North American land market as 

long as innovative equipment and technologies drive 

breakeven prices down and efficiency up. Current 

industry trends show that more sand and water are 

being pumped per shale well than before. Further-

more, multipad wells are being drilled, necessitating 

more fracturing services vs. other solutions in the well 

intervention market. In the past, there was generally 

one fracturing fleet for every three drilling rigs. Now 

there is one fleet for every two rigs. Market dynamics 

will continue to drive this level of demand, particularly 

as fleets become more available, companies consol-

idate larger portfolios into integrated offerings and 

efficiency increases make more drilling possible. 

Challenges remain, including finding the perfect 

price point for shale profitability and addressing the 

negative perception of hydraulic fracturing outside 

of the oil and gas industry. Despite this, companies 

like Legend Energy Services and NOV are poised to 

achieve success as a market in transition drives inter-

est in modern fracturing fleets with high-quality and 

reliable equipment. 

Legend Energy Services capitalized on software solutions integrated into the fracturing fleet built by NOV to provide real-time data to 

its customer in Hearne, Texas. (Source: NOV)
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Ryan Peacock, Brandon Stackhouse and  

Purav Patel, McKinsey Energy Insights

T
he length and severity of the downturn has forced 
operators to find new ways to increase production. 

Among North American E&P companies, two primary 
methods have emerged: confining drilling to top-tier 
acreage and introducing more aggressive completion 
designs for new wells (Figure 1). Since implementing 
these practices operators have realized annual produc-
tivity increases of 15%, up to an average 30-day IP rate of 
3,800 bbl per 305 m (1,000 ft) of lateral. Based on these 
observed IP increases McKinsey Energy Insights (MEI)
anticipates North American shale basins can sustain 
a 10% to 35% increase in proppant loading intensity 
before becoming uneconomic at an oil price of $50/bbl.

Each play’s relationship between proppant intensity and 
IP is different. There is a point at which the optimal net 
present value (NPV) is reached and pumping additional 
sand into a well becomes uneconomic. However, identify-
ing where this “sweet spot” exists is not straightforward. As 

an example, MEI analyzed the different optimal points for 
the Bakken Shale and the Delaware-Wolfcamp subplay of 
the Permian Basin by examining the impact of increasing 
proppant intensity on NPV.

Bakken: close to optimal 
The Bakken was one of the first shale plays in which 
operators began extensively applying unconventional 
drilling techniques. Completions data from first-
half 2017 indicate that although lateral lengths have 
changed relatively little over the past year, operators 
have continued to push the limits on proppant intensi-
ties. Average loading has increased from about 800 lb/ft 
in 2016 to nearly 1,000 lb/ft as of mid-2017. 

A sensitivity analysis on proppant intensity shows that 
operators in the Bakken have limited growth potential 
from current intensity levels before the incremental 
pound of proppant negatively impacts NPV, which is 
observed after about 1,100 lb/ft (Figure 2). Given the 
speed at which proppant usage is increasing in the 
Bakken, it may reach this point as soon as the middle 

of the year, after which additional moves toward 
higher proppant intensities will likely diminish 
the value of the well.

Although this NPV analysis is based on average 
proppant intensities and well productivity charac-
teristics for the entire basin, the Bakken appears 
to be quickly approaching a limit to its proppant 
intensity levels. 

Permian Basin: room to grow
Characterized by strong growth and low breakeven 
prices, the Permian Basin has experienced rapid 
changes in well design as operators test ever-
greater proppant volumes in the Midland and Del-
aware subplays. Since 2014 proppant volume  
per well in this region has more than doubled  
as operators began using low-cost local sand in 
fine-grain completions. 

Despite the strong growth in proppant inten-
sity, the Permian—unlike the Bakken—does not 
appear to be near its optimal loading potential. 
For example, the Delaware-Wolfcamp subplay has 

Proppant demand forecast for 
Bakken, Permian  

The industry continues its search for the proppant intensity ‘sweet spot.’ 

FIGURE 1. The average proppant intensity in North America has grown by 60% 

in the last three years. The proppant intensity increased by 17% per year as 

the number of well completions decreased by 26% per year from 2014 to 2016. 

(Source: McKinsey Energy Insights)

NORTH AMERICAN HISTORICAL TRENDS IN PROPPANT DEMAND 
AND WELL COMPLETIONS
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an average current proppant loading of nearly 2,000 lb/
ft yet could realize up to a 35% increase in proppant 
intensity before approaching its sweet spot in proppant 
loading per foot (Figure 3). 

Supply and logistical challenges
This trend toward greater proppant loading comes as 
sand suppliers have announced a surge of in-basin sup-
ply—more than 40 million tons of local sand capacity has 

been announced. MEI expects Permian proppant 
demand to increase from 13 million tons in 2016 
to 38 million tons in 2017. As a result, MEI expects 
to see relatively high utilization rates (about 70%) 
of this cheaper, fit-for-purpose supply. Interest-
ingly, even if the price of proppant increased by 
50%, the optimal proppant loading per shale play 
would not significantly change, although the NPV 
would decrease, indicating the relative resiliency 
of the “high proppant intensity” trend to pricing. 

As in the Bakken, the productivity gains 
achieved by increasing proppant intensity will 
vary based on the acreage’s position in the 
Permian Basin and differences in the underlying 
geology. Nonetheless, signs indicate the Permian 
Basin will continue to observe sustained growth 
in proppant demand, benefiting proppant sup-
pliers and service companies in the region.

Assuming that the projected demand material-
izes and that supply exists to meet it, there remain 
two major factors that could create headwinds 
for the proppant market: transportation logis-
tics and pressure pumping capacity. Challenges 
with proppant transportation tend to center on 
last-mile logistics as the proppant is moved from 
a rail station to the wellhead via truck. West 
Texas roadway infrastructure in particular has 
become progressively more congested as each 
well requires delivery of several million pounds of 
sand. Similarly, the growing rate of drilling over 
the past year has stretched existing service crews 
beyond available capacity. Hiring sufficient work-
ers has been difficult for both service types.

Demand integral to supply
The demand for North American shale oil is inte-
gral to the global oil supply stack. Demand for 
proppant will grow in basins like the Permian, 
which exhibits strong drilling activity recovery and 
capacity to increase proppant intensity levels. The 
need to pump more proppant may put continued 
upward pricing pressure on completion-related 

oilfield services, which have already seen 20% to 30% 
increases in the past year. Even with this potential rise in 
costs around services, the resulting production gains and 
increases in well NPV will keep shale oil production prof-
itable at prices of $50/bbl. With the high likelihood of 
maintaining profitability and competitiveness in a low-
price environment, North American shale oil will con-
tinue as a key contributor to the global oil supply stack 
for the near- to mid-term future. 

COVER STORY:  

HYDRAULIC FRACTURING

FIGURE 2. The proppant intensity in the Bakken is only 10% below optimal level. 

An average Bakken well is expected to reach an NPV maximum at a proppant 

intensity of 1,100 lb/ft. Proppant intensity as of mid-2017 was reported to be 

1,000 lb/ft. (Source: McKinsey Energy Insights)

BAKKEN PROPPANT DYNAMICS

FIGURE 3. The optimal Permian Basin proppant intensity is almost triple that  

of the Bakken. Delaware-Wolfcamp subplay wells are expected to reach an 

NPV maximum at a proppant intensity of 3,000 lb/ft. Proppant intensity as of 

mid-2017 was reported to be 2,200 lb/ft. (Source: McKinsey Energy Insights)

DELAWARE-WOLFCAMP PROPPANT DYNAMICS
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Femi Adegbola, Baker Hughes, a GE company

T
hough relatively new to the industry, fluid analysis 

and sampling-while-drilling techniques have quickly 

helped operators make more informed well construction 

decisions, eliminating risk and improving efficiency. 

But as operators continue drilling geometrically 

complex wells into deeper and more remote reservoirs, 

fluid sampling services have to keep pace by devel-

oping more precise sensing capabilities. This was the 

motivation for Baker Hughes, a GE company (BHGE), 

to develop its FASTrak Prism fluid analysis and sam-

pling-while-drilling service. 

Real-time characterization of multiphase flows
This new service is built on the robust framework of 

the FASTrak, the industry’s first commercial fluid sam-

pling-while-drilling service introduced in 2014. The orig-

inal technology afforded real-time analysis of bulk fluid 

properties and acquired clean fluid samples for more 

detailed testing at the surface, both of which helped 

optimize completion designs and production plans. 

The next-generation technology incorporates new 

sensors, including visible-to-near-infrared (VIS-NIR) spec-

trometry, to fully characterize reservoir fluids in real time. 

The tool’s multichannel optical density and fluorescence 

measurements accurately quantify fluid compositions in 

multiphase flows containing oil, gas and water. Additional 

sensors measure pressure-volume-temperature (PVT) 

properties such as fluid density, solution gas-oil ratio 

and fluid compressibility while providing measurement 

redundancy to give the operator greater confidence in 

the analysis results.  

As with other LWD technologies, the sensors in this 

service relay information to surface in real time. The 

petrophysical team then uses proprietary software to 

evaluate the collected data in real time, which provides 

greater quality control, improved certainty of the mea-

surements and faster decision-making. 

For example, real-time PVT analysis informs the oper-

ator’s decision on which zones to complete and which 

ones to bypass. And the ability to analyze fluids while 

drilling provides additional information to fine-tune 

the reservoir navigation workflow, thus enabling timely 

confirmation of whether the well is still in the optimal 

pay zone or if a course correction is required. 

The service’s probe is typically positioned 15 m to 30 

m (50 ft to 100 ft) away from the drillbit and behind 

other formation evaluation-while-drilling tools. This 

positioning provides sufficient time to drill through the 

interval; evaluate the formation evaluation data such 

as nuclear magnetic resonance, resistivity and porosity; 

and pinpoint the optimal locations within each of the 

target reservoirs. This efficient approach of evaluating 

and then sampling the reservoir while drilling offers 

the added cost-saving benefit of limiting the reservoir’s 

exposure to the drilling mud, which means lower con-

tamination samples can be acquired within two hours 

of setting the probe.

High-quality, high-volume sampling
Most field development decisions require more infor-

mation than real-time fluid characterization alone pro-

vides. Operators routinely require 10 liters (2.6 gal) or 

more of fluid from different reservoir compartments 

Meeting wellbore complexity with 
real-time fluid analysis advances     
Sampling-while-drilling service saves time and reduces risk in challenging wells.

The FASTrak Prism service employs advanced sensors—including 

the newly introduced VIS-NIR and fluorescence spectrometers—

to fully characterize reservoir fluids in real time. (Source: BHGE)
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to run analyses that help evaluate reserves, improve 

completion and surface facility designs and optimize the 

flow assurance program. 

The original LWD fluid sampling service has success-

fully acquired high-quality fluid samples during drilling 

operations in many wells since its inception. The new 

service is similarly designed to acquire formation fluids 

of the same quality and volume for the range of labora-

tory analysis required. 

During a sampling operation the service’s sensor array 

continually measures the properties of the pumped fluids 

and monitors for contaminants. Once the fluid’s quality 

has been confirmed, the service collects up to 12 liters (3.2 

gal) of single-phase reservoir fluid per run and preserves 

them in 16 750-ml (566.3 oz) sample chambers prior to 

bringing them to surface for evaluation. This sizable fluid 

sample, which represents the largest total volume and most 

sampling chambers collected in a single run from any sam-

pling-while-drilling service, helps operators make strategic 

development decisions more quickly and cost-effectively. 

Reducing risk and time
The new LWD fluid sampling service is ideally suited for 

offshore, high-angle and extended-reach onshore wells—

all applications that introduce considerable time and risk 

for conventional fluid sampling services. Wireline-con-

veyed testing and sampling techniques, for example, are 

commonly deployed to measure formation pressures and 

fluid properties but only after the drillstring has been 

pulled out of hole. In deeper wells with long lateral sec-

tions wireline tools require lengthy, risky and expensive 

pipe-conveyed logging operations. And in deepwater 

environments well integrity risks arise when the hole is left 

open for many days between drilling and the wireline run. 

The new sampling service, by contrast, allows the 

operator to quickly identify the productive zones of 

interest, continue circulating to maintain well control 

and acquire fluid samples shortly after drilling the inter-

val. And because this is accomplished with the same 

drillstring in the hole, the risk and time associated with 

performing an additional wireline run are eliminated. 
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After a wireline deployment the operator would typ-

ically need to go back in and recondition the drilling 

mud in the well prior to moving to the casing and/

or completion phase. But by acquiring fl uid samples 

while drilling, the new service ensures that the mud in 

the well is already conditioned. Once the drillstring is 

pulled out of hole, the operator immediately moves to 

the casing and/or completion stage, saving time and 

lowering construction costs in the process. 

Optimizing production output
Since its introduction earlier this year the service has 

been deployed offshore, where rig rates are higher 

and the need for high-effi ciency, low-risk operations is 

more acute. 

An operator off the coast of Africa recently selected 

the technology to help drill a deepwater extended-

reach well intersecting two reservoir compartments. 

Accurate fl uid characterization was necessary to 

design the optimal completion for commingled pro-

duction and to estimate each reservoir’s contribution 

to total production.

The operator needed high-quality single-phase sam-

ples and formation pressure tests from each reservoir 

while avoiding the extended rig time and deployment 

risks associated with pipe-conveyed wireline sampling. 

Any solution also would have to fi t seamlessly with the 

reservoir navigation geosteering tools and an on-com-

mand downhole digital rat hole-reaming tool on the 

bottomhole assembly (BHA). 

BHGE personnel worked closely with the operator’s 

fi eld crews to develop a comprehensive formation eval-

uation plan while drilling. The new sampling-while-drill-

ing service was deployed to collect samples in each res-

ervoir per operator requirements for fl uid volume and 

number of samples while also performing 33 formation 

pressure tests. 

The section was drilled to its targeted measured 

depth with a fi nal inclination of 90 degrees. All tests 

were performed in the 8½-in. hole prior to opening up 

to 9½-in. hole size with the reamer. The LWD sampling 

service also acquired fl uid samples to calibrate down-

hole fl owmeters and quantify each reservoir’s produc-

tion contribution. 

The new fl uid sampling service did not interfere 

with the operation of the geosteering service, which 

accurately directed the well to maximize contact 

through the two target reservoirs. There was also no 

interference with the operation of the on-command 

digital reamer, which reamed the rat hole in the 

same drilling run. 

This combination of technologies saved 48 hours of 

rig time while achieving well production output that 

exceeded initial targets by more than 30%.  

Setting sampling records
An operator developing a new fi eld offshore Australia 

required large volumes of high-quality fl uid samples for 

detailed geochemical analysis to inform its completion, 

surface facilities and pipeline designs. Selecting the 

wrong metallurgy raised the possibility of reservoir fl uids 

degrading or corroding completion and surface equip-

ment, leading to signifi cant costs and HSE risks. 

The operator estimated that 20 liters (5.3 gal) of fl uid 

were required for proper PVT analysis from the fi rst 

wells, which were highly deviated with an inclination of 

up to 80 degrees. After discussing the specifi cs of the 

reservoir, the production goals and the completion chal-

lenges, the BHGE team recommended the fl uid analysis 

and sampling-while-drilling service for this operation. 

The service would not only capture up to 400% more 

fl uid volume than other sampling-while-drilling systems, 

but it also would avoid the differential sticking risks com-

mon to wireline sampling systems in deviated wells. 

To save time in the analysis, the operator and service 

provider developed a sampling strategy that maximized 

fl uid volume capture from two drilling runs on two differ-

ent wells. The plan called for spending two hours on the 

wall at each sampling location followed by retracting the 

probe and adjusting the BHA to mitigate sticking risks. 

The service captured 26 samples—12 from the fi rst 

well and 14 from the second—with a total sample vol-

ume of more than 20 liters. This represented a global 

record for fl uid sampling-while-drilling and an improve-

ment over similar services that required at least four 

runs to reach the same volume goal. 

This large sample volume allowed the operator to 

test and select all materials that would safeguard the 

integrity of the completion and surface equipment. And 

despite the extended on-wall sampling times and chal-

lenging hole inclination, the sampling service exhibited 

no differential sticking issues. 

These early fi eld successes are prompting other oper-

ators to take a closer look at FASTrak Prism’s potential 

for their high-risk wells. 

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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Ian Philips, OGIC

W
ith new technologies bringing the promise of 
increased benefits and solutions for the oil and 

gas sector, the Oil and Gas Innovation Centre (OGIC) 
is looking to increase investment in emerging technol-
ogies and encourage more open collaboration across 
the sector.

ROVs have been used in the offshore sector for some 
time. However, advancements in autonomous robotics 
technology with the ability to learn, adapt and make 
decisions independent of human control is providing 
enhanced solutions and benefits for subsea operations. 

A recent McKinsey study into disruptive technologies 
estimates that by 2025 advanced robotics and auton-
omous systems (RAS) will have a total impact on the 
global markets of between $1.9 trillion and $6.4 trillion 
per annum. The report also highlighted the potential 
competitive advantage of such technologies for early 
adopters, who could gain quality, cost and speed advan-
tages over competitors.

According to Innovate UK, there is great potential for 
new applications and opportunities to grow as techni-
cal capabilities extend and the energy sector gains an 
increased understanding of the potential gains.

Subsea use
With RAS helping to reduce health and safety risks, 
provide cost efficiencies and create new exploration 
opportunities, there is now a growing trend within the 
subsea sector to move toward greater utilization of this 
technology, in particular autonomous vehicles. 

“Swarming” robots that can work together alongside 
humans and quickly sense and react to their environ-
ment have the potential to revolutionize search and 
rescue operations as well as perform operational tasks 
more efficiently in hazardous deepwater environments. 
The benefit of enabling companies to inspect and 
assess the integrity of subsea infrastructures in safer 
and more effective ways is also of increasing interest to 
the renewable energy sector as well as the decommis-
sioning industry. 

To ensure that companies within the oil and gas 
sector and the wider energy industry have every 
opportunity to access RAS technologies, OGIC is 
identifying and investing in R&D projects in this 
emerging market. By connecting oil and gas compa-
nies with relevant academic expertise in Scottish  
universities as well as providing part funding for 
viable projects, OGIC is helping to ensure that real 
industry problems can be explored and resolved 
using cutting-edge technologies.

Subsea repair
A recent project that was facilitated by OGIC in this area 
involved an R&D partnership between Heriot-Watt Uni-
versity and the sonar and underwater systems company 
Hydrason Solutions Ltd. 

In collaboration with OGIC, Heriot-Watt University’s 
Ocean Systems Laboratory (OSL) worked with Hydrason 
Solutions on the development of a specialist system to 
improve the maintenance and repair operations of sub-
sea structures, specifically pipelines and power cables. 

Applying its extensive knowledge in underwater 
sensing technologies, the OSL made a significant 
advance in improving low-frequency sonar technology 
for offshore oil and gas surveys. This has the potential 
to provide enhanced information for key challenges 

Increased collaboration encouraged 
to advance emerging technologies      
RAS shows promise in deepwater operations.

The Wideband Sonar System was deployed on the REMUS-100 

vehicle in recent field trials in Weymouth, U.K. (Source: Hydrason 

Solutions Ltd.)
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in fl ow assurance, condition-based maintenance and 

integrity management.

New sensors such as the wideband sonar provide 

new information through intelligent application of bio-

inspired sensing and processing. Accessing the quality 

of information in the harsh subsea environments will 

improve the sensing and operational capabilities of the 

new generations of subsea robots currently being devel-

oped for use in the offshore energy sector.

Industry collaboration
Collaborations such as that of Heriot-Watt University 

and Hydrason Solutions have the potential to bring 

further cost effi ciencies for the sector. However, more 

importantly, collaborations also enable increased access 

to expertise to fi nd innovative solutions and improved 

processes for current industry challenges. 

OGIC is seeing real benefi ts with the projects it is 

facilitating for the sector, and it is keen to increase the 

number of projects with emerging technologies, espe-

cially in RAS, which are generating a lot of interest in 

the sector right now.

By facilitating access to R&D facilities such as the OSL 

at Heriot-Watt University and supporting projects with 

part funding, companies are getting the opportunity to 

do more feasibility studies and accelerate concepts to 

the development stage, where prototypes and fi eld test-

ing can be explored. 

Hydrason Solutions CEO Chris Capus said, “For 

Hydrason, the collaborative project sponsored by OGIC 

has pushed development of our sensors toward lower 

frequencies, which are required for oil and gas infra-

structure. We were pleased with the progress made 

while working with the team at Heriot-Watt University. 

Continuing this development, our current focus is to 

extend the operating depth for our systems to 3,000 m 

[9,843 ft] to meet the mounting challenges of deepwa-

ter oil and gas exploitation. 

“Together these advancements will provide new sens-

ing capabilities for pre- and post-installation surveys 

looking into the sub-bottom sediments and for a greater 

range of subsea structures for the oil and gas and 

renewables energy sector.”

Dr. Keith Brown, associate professor at the OSL, 

emphasized the need for investment and collaboration 

across the energy industry. 

“We are working to increase the use of autonomous 

vehicles in the offshore energy sector as it will help 

the wider industry, the environment and ultimately 

the consumer in several ways,” Brown said. “The proj-

ect from OGIC has helped us to work with Hydrason 

Solutions to create a specialist system to be used for 

analysis and to tackle issues with assessing the condi-

tion of subsea assets. The project has been valuable in 

bringing our organizations together to determine what 

is achievable.” 

With emerging technologies providing faster and 

more effi cient solutions for current industry chal-

lenges, it is vital that the sector does not ignore the 

potential value of investing in niche markets such as 

RAS. This technology can provide new opportunities 

for deepwater exploration and improved processes 

that are not only safer and faster but also more cost-

effective to deploy.

Within Scottish universities there is a wealth of exper-

tise and facilities dedicated to advancing new technol-

ogies and innovative solutions for the sector. However, 

the greater challenge may not be fi nding the invest-

ment but changing the mind-set of the industry to share 

knowledge and be more open to the benefi ts of shared 

resources through collaborative projects. 

With the objective of driving innovation in the sec-

tor, OGIC continues to actively engage with those 

companies that see the benefi t of investing in these 

important niche market technologies. A continued 

investment and collaboration in these projects is not 

only vital for the future of the sector but also vitally 

important to maintain Scotland’s lead in innovative 

technologies for the oil and gas sector, both in the 

U.K. and globally. 

The Wideband Sonar System, shown onboard the vessel, took 

part in fi eld trials in the Mediterranean. (Source: Hydrason 

Solutions Ltd.)
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Barry Zhang, Quantico Energy Solutions

A
s wells become more complex, logging and LWD 

measurements become more challenging to obtain. 

Quantico Energy Solutions provides a cost-effective 

alternative to LWD or through-drillstring logging tools 

in horizontal wells. The company recently developed 

QDrill, a proprietary artificial intelligence (AI) software 

that provides petrophysical properties of a reservoir, 

including LWD and wireline logs. As input, the algo-

rithm uses gamma ray logs and drilling dynamics data 

(ROP, weight on bit, torque, 

etc.) for many domestic and 

international basins. QDrill 

was developed using a pro-

prietary database of several 

hundred wells that have the 

measured well logs plus the 

drilling data. This large data-

base of logs and formation 

data provides unique capability 

to provide reservoir properties 

without running expensive log-

ging tools.  

One operator was initiating 

a horizontal drilling project 

in the Midcontinent region of 

the U.S. It targeted a forma-

tion with a traditional clastic 

laminated/layered sandstone 

reservoir. A “blind test” was 

arranged with data from 

nearby vertical and horizontal 

wells to train the AI model for 

this project. 

Results were significant—the 

operator increased operational 

effectiveness by using logs from Quantico on a daily 

basis while drilling two laterals. These logs were used 

in timely geosteering interpretations for targeted place-

ment of completion stages in higher porosity intervals. 

They also enabled completion stage/perforation clus-

ter placement to equalize minimum horizontal stress 

across the stage at each of the perforation clusters. 

Additionally, the logs aided drilling decisions in unex-

pected ways. For instance, a worn bit was pulled close 

to planned total depth (TD) in one of the wells; rather 

than terminate the well, favorable porosity seen toward 

the end of the lateral in the Quantico log convinced the 

operator to go back in hole and drill to TD. No LWD 

logging tools were required, and therefore the operator 

was able to save costs on nonproductive time and run-

ning of the LWD tools.

Accuracy and repeatability 
Quantico’s database of existing well logs, encompassing 

hundreds of horizontal wells from both conventional 

and unconventional reservoirs, indicated that in typical 

conditions the repeatability of through-drillstring log-

ging tools was 2% to 3% for density and 5% to 6% for 

sonic. The AI models constructed for this formation 

performed within the expected parameters as demon-

strated by blind tests conducted by the operator. 

To ascertain predicative accuracy and repeatability 

of the AI-driven logs vs. actual logging with associated 

tools costs, a static and an adaptive model were used. 

The difference between results in these two models 

showed the variability in the QDrill logs. The static 

model employed a combination of the proprietary data-

base and local data previously collected by the operator 

before the project. As additional through-drillstring logs 

were acquired (with logging tools), the adaptive model 

added the logs into the training set for the AI models.

The figure illustrates the minor differences in the 

bulk density from the static and adaptive models 

compared to the measured bulk density from the 

through-drillstring logging tool. A shift in the centroid 

of the density error from 0.017 grams/cubic centimeter 

(gm/cc) to -0.003 gm/cc was observed. These differ-

ences are much less than the precision or repeatability 

of the density logging tool. In addition, the operator 

AI database saves logging time 
AI has become a powerful tool to derive well logs from drilling data. But what is the  

accuracy and repeatability compared to traditional logging tools?

This figure compares the static and 

adaptive models’ predictive bulk 

density and the bulk density from 

the logging tool. (Source: Quantico 

Energy Solutions)
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noted that the QDrill logs performed better as com-
pared to the errors in the logging tool response caused 
by hole washout conditions, which adversely affects the 
density tool’s pad contact with the formation. 

Putting the density variance of 0.017 gm/cc to -0.003 
gm/cc into porosity resulted in an uncertainty window 
of 0.012 porosity units, which is well within the accept-
able range. 

Value

Quantico provided the operator with critical forma-
tion data for these horizontal wells that would have 
been cost-prohibitive had it logged the well using 
conventional methods. Assuming general costs for the 
through-drillstring tool of $150,000 per lateral, the sav-
ings delivered to the operator on data acquisitions costs 
was more than 80% using QDrill. 

Additionally, while the conventional logs were used 
for qualification of the technology, the project also 
gave the operator a framework for planning its data 
acquisition program using conventional logging tools. 

In this instance, it was demonstrated that logging three 
additional wells for $450,000 merely reduced the uncer-
tainty of the AI models by less than the precision of 
measurement of the through-drillstring logging tool. 
The accuracy and repeatability of QDrill was validated 
by a series of three blind tests. This project also pro-
vided the operator with the empirical context to deter-
mine when conventional logging tools would be run 
in the future vs. using the AI technology for the vast 
majority of the wells in the area and, in instances of the 
former, what the costs vs. benefit would be.

The AI-based logging data were delivered to the 
operator on a daily basis to assist with geosteering, 
drilling and completion decisions while drilling opera-
tions were ongoing. 

This service has been qualified with several major 
operators on both U.S. land and deep water. By leverag-
ing AI with the proprietary database, QDrill provides a 
game-changing way to increase reservoir understanding 
at a fraction of traditional logging costs and without the 
associated risks of running downhole tools. 
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INTERPRETATION

Andreas Laake, WesternGeco

T
hree-dimensional seismic data have significantly 

expanded the envelope for exploration in challenging 

offshore frontiers, providing valuable insight into geological 

structures, stratigraphy and lithology of target areas. How-

ever, the ability to gain detailed interpretation of the data 

for depositional environments has been impacted by several 

phenomena, notably sparse spatial sampling and inter-

ference from background noise. This limitation presents 

obstacles to obtaining comprehensive and accurate geologi-

cal analyses critical for exploration and development.

In offshore environments seismic data traditionally have 

been acquired using pressure sensors to reconstruct the 

wavefield, often producing artificial noise that distorts the 

image. Streamers typically enable good sampling in the 

inline direction but provide poor sampling in the cross-

line direction due to operational or economic constraints. 

The gap between streamers in offshore environments can 

be as much as 500 m (1,640 ft). Additionally, seismic data 

frequently are interpreted without qualifying which depo-

sitional setting they represent. 

Ancient and modern analogs to help interpret 3-D 

seismic data from rock onshore outcrops generate 

information only along horizons defined by the ero-

sion of the strata, yielding 2-D information. Satellite 

images of modern depositional environments provide 

a more complete overview of the geologic setting but 

lack vertical dimension. 

A newer approach integrates the acquisition, process-

ing and interpretation of 3-D seismic data by combining 

an omnidirectional sampling technique and color pro-

cessing to deliver realistic high vertical resolution and 

lateral sampling of the subsurface. Especially suited to 

frontier regions where no well data are available, the 

method results in more efficient exploration and com-

pletion times while maintaining data quality and reduc-

ing operational cost and environmental exposure. The 

acquired data can be used for the entire E&P cycle.

Uniform dense sampling in vertical and lateral direc-

tions facilitates direct interpretation of seismic data  

for continuous depositional environments. Analysis of  

color-processed 3-D seismic images along lithologic 

horizons enables the richer interpretation that reveals  

a wealth of information such as dewatering and over-

pressure for both the original depositional lithologies 

and post-depositional diagenetic and tectonic overprint. 

In cases where no well data are available for calibration, 

interpretation of polygonal fractures can be linked 

directly to the lithology to further aid in 

stratigraphic interpretation.

Mapping a complex  
depositional environment
A study offshore Newfoundland, Canada, 

successfully tested the approach to map 

a complex depositional environment 

from shelf to basin in areas dominated by 

sands and shales. The IsoMetrix marine 

isometric seismic technology provided 

true 3-D measurements for full-band-

width imaging of fine-scale structures 

in the subsurface in all directions—ver-

tically along the streamer and crossline 

between streamers—to acquire detailed 

imaging from the seabed to the reservoir. 

A deeper interpretation of  
frontier geology        

Color processing of omnidirectionally sampled seismic data  

expands the window for exploration development.

Depositional environment mapping from the IsoMetrix 3-D seismic data indicated 

that two styles of deposition occurred at the same time. (Source: Schlumberger)
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The ability to isometrically sample multimeasurement 

data enhances the definition of geological features in 

deep and shallow subsurface environments, resulting 

in a marked improvement in fine spatial sampling com-

pared to conventional 3-D surveys. This enables wider 

streamer separation, increasing subsurface coverage by 

more than 100% without compromising data integrity. 

The multisensor streamer data allow deghosting of 

the wavefield by eliminating noise bounce-back that 

interferes with the ability to distinguish signals. Once the 

signals are separated from the noise, isometric seismic 

technology can accurately map the wavefield between the 

streamers in all directions. The data are then color-pro-

cessed for an analysis that can be easily interpreted. 

The eXchroma chromatic geology extraction tech-

nique provides a structurally sharp visualization of the 

seismic data in true red-green-blue color. A regional 3-D 

view of the color-processed seismic data yields images 

similar to satellite images acquired from modern earth 

surfaces. However, the color-processed images can be 

generated for any lithostratigraphic horizon in the 

subsurface, meaning depositional environments can be 

studied in their context of geologic time.

PROCESSING &  

INTERPRETATION

The omnidirectionally sampled seismic data combined with  

color-processed images provided the basis for the 3-D geological  

interpretation, details of which are shown here.  

(Source: Schlumberger)
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The Newfoundland study, conducted from May to 

October 2016, encompassed an area of 9,038 sq km  

(3,490 sq miles) on the northern slope of the Flemish  

Bank from the Flemish Cap to the Orphan Basin. The 

objective was to map the depositional environment from 

shelf to basin in the modern shale-dominated environment 

near the seafloor and in the sand-dominated environment.

After taking into consideration noise attenuation 

and migration, 3-D seismic data were processed along 

stratigraphic horizons like stacks of satellite images, with 

about 100 m (328 ft) between streamers. Three hori-

zons were selected for interpretation: H1 near the base 

Tertiary, H2 at about 300 m (984 ft) below the seafloor 

and the seafloor. The study focused on the Tertiary 

basin between the first horizon and the seafloor, which 

is dominated by sands and shales.

Effective seismic interpretation in  
frontier exploration
First, isometric seismic technology was applied to 

acquire and process data, analyzing seismic sections for 

polygonal fault patterns at distinct horizons. Then, seis-

mic data image processing generated color images that 

were draped over these horizons to gain a detailed inter-

pretation of the depositional environment in map view, 

a process defined as horizon image texturing. Finally, 

the horizon analysis was conducted in 3-D to place the 

interpreted depositional features in their geological con-

text. After gaining an understanding of the depositional 

environment, individual 

depositional features 

were isolated for more 

detailed investigation. 

The omnidirection-

ally sampled seismic 

data combined with the 

color-processed images 

provided the basis for 

the 3-D geological inter-

pretation. The horizon 

texture for H1 revealed 

the significant presence 

of polygonal faults in the 

basin with thick deposits, 

while only a few polyg-

onal faults were seen at 

the shelf toe. 

This suggests that hori-

zon image texturing of 

seismic data can provide 

clues regarding the depo-

sitional environment of strata mapped from seismic data. 

In this case, the application yielded details of the deposi-

tion near the base Tertiary at H1. 

The presence of polygonal faults correlates with dewa-

tering processes and also indicates the deposition of 

shale sediments from the Flemish Cap. Formations with-

out polygonal faults were associated with predominantly 

sandy facies, where dewatering can release pressure 

upward. Sandy contourites near the northwest edge of 

the cap suggested the presence of strong marine long-

shore currents at the time of deposition. 

The simultaneous occurrence of polygonal faults, 

interpreted as indicators for shales and contourites 

interpreted as sand bodies, suggests that two styles of 

deposition occurred at the same time. Shales were likely 

deposited from shelf currents transporting fine sedi-

ments down the slope of the Flemish Cap, while sand 

contourites were deposited by seafloor currents almost 

perpendicular to the slope currents. 

The discovery of the longshore stable sand contour-

ites is important for exploratory drilling prospects and 

would have been overlooked without the more detailed 

geological interpretation gained through high vertical 

resolution and continuous lateral sampling. The resolu-

tion of two different depositional environments at the 

same time also verified that color processing of omni- 

directionally sampled seismic data is a highly sensitive 

and effective method for analyzing frontiers for explo-

ration and development. 

Extraction of depositional geobodies indicated that shales were likely deposited from shelf currents  

transporting fine sediments down the slope of the Flemish Cap, while sand contourites were deposited by 

seafloor currents almost perpendicular to the slope currents. (Source: Schlumberger)

PROCESSING &  

INTERPRETATION
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HP/HT DRILLING

Neil Bird, Weatherford

T
he Eagle Ford Shale was a major contributor to the 

shale boom that changed the economics of the E&P 

industry during the past decade. Drilling activity is pick-

ing up again in the shale play after the recent downturn, 

but operators face ongoing well construction challenges 

that threaten to lower drilling efficiencies, increase 

nonproductive time and raise costs. Representing one of 

the most geologically complex unconventional plays in 

North America, the Eagle Ford runs the spectrum from 

oil in the northwest to condensate and NGL in the cen-

tral area and dry gas in the southeast. 

Wells in the region are increasingly drilled to a total 

depth (TD) of 6 km (3.72 miles) or greater, with later-

als extending more than 3 km (1.86 miles) from ver-

tical. Kicking off from the vertical to the lateral often 

requires drilling out highly curved sections with dogleg 

severities of 8 degrees per 30 m (100 ft) or more. The 

lateral section is then typically drilled through dense 

limestone and sandstone formations with ambient tem-

peratures exceeding 155 C (310 F). 

These depths and temperatures make it difficult for 

operators to find the formation’s so-called sweet spot—

the section of the reservoir with the highest production 

potential—and then drill out to TD without veering off 

course. Conventional directional drilling technologies 

such as mud motors equipped with bent subs attempt to 

stay in the target zone by sliding: rotating the bit down-

hole while halting rotation of the drillstring. This tech-

nique not only reduces the ROP and drilling efficiency 

but also fails to deliver the high precision required for 

drilling complex, tortuous well paths. 

Improved directional control
The industry’s need for improved drilling efficiency in 

long-lateral high-temperature wells prompted the devel-

opment of Weatherford’s compre-

hensive directional drilling and 

MWD program. One component 

is the replacement of mud motors 

with a rotary steerable system (RSS) 

for directional control. The RSS 

includes several stabilizers placed 

around the tool that effectively 

“steer” the bit for precise drilling 

of high-angle curves, deep kickoffs, 

extended laterals, parallel vertical 

sections and sidetracks. 

The RSS focuses the cutting 

force to the face of the poly- 

crystalline diamond compact bit, 

improving ROP while ensuring a 

smoother wellbore. The system 

uses high-viscosity oils and high 

High-temperature directional tools 
successful in the Eagle Ford        

The application of a comprehensive directional drilling and MWD  

program sets new single-run RSS drilling record. 

Weatherford’s RSS increases efficiency 

in long-lateral high-temperature wells by 

providing improved directional control. 

(Source: Weatherford)
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temperature-rated seals to maintain hydraulic integrity 

while reliably drilling vertical, curved and lateral sec-

tions at temperatures exceeding 171 C (340 F). 

The bottomhole assembly (BHA) includes an MWD 

system designed for hostile environments that monitors 

downhole vibrations such as stick/slip, whirl and lateral- 

axial torsional dynamics. It includes a bore and annular 

pressure sensor to measure downhole pressures and 

temperatures during drilling, wiping or tripping out of 

hole. This sensor provides an early warning of wellbore 

instability problems in drilling environments in which 

a narrow window exists between the pore pressure and 

formation fracture pressure. 

Near-bit inclination and high-temperature azimuthal 

gamma ray sensors installed in the BHA obtain real-

time measurements while drilling, and a bi-directional 

communication system transmits 

the data to the surface via mud 

pulse or electromagnetic telemetry. 

If the azimuthal data indicate the 

wellbore is deviating out of the 

reservoir’s sweet spot, the operator 

can send control signals downhole 

to the RSS in a matter of seconds. 

The RSS then makes steering 

adjustments that get the drillbit 

back into the target zone. 

Taken together, these tools 

can effectively drill out tortuous 

extended-reach laterals to TD with 

greater efficiency and accuracy 

compared to conventional direc-

tional drilling tools. A mud motor might be able to drill 

out a long lateral section but with more course correc-

tions and at much lower speeds that might add days to 

the drilling process. 

Breaking single-run records
This high-temperature directional drilling solution has 

set multiple lateral length drilling records for operators 

across the Eagle Ford. The current record holder is a 

well drilled to a TD of 6.9 km (4.3 miles) and with an 

ambient downhole temperature of 168 C (334 F). 

The operator followed an established drilling meth-

odology developed while drilling hundreds of wells 

in the region. But given the long lateral planned for 

this well and its proximity to neighboring wells, the 

operator needed more precise directional control. It 

believed that a conventional mud motor would add too 

much time, risk and cost to the drilling operation. The 

desired solution would avoid collisions with nearby well-

bores, stay in the target zone and reach TD as quickly as 

possible while withstanding the high-temperature envi-

ronment. Because the operating company had a history 

of successful high-temperature directional drilling proj-

ects with Weatherford, it approached the service com-

pany for assistance.

Together with the operator, Weatherford drilled the well 

in two runs, beginning with a standard vertical hole section 

drilled to the surface shoe at a depth of 1,248 m (4,094 ft). 

The second run, from the surface shoe to TD of 6.9 km, 

was conducted with the high-temperature RSS, MWD and 

azimuthal gamma ray tools configured into the BHA.  

The system’s real-time directional control removed 

any uncertainty regarding the drillbit’s location in the 

lateral section, allowing the operator to successfully nav-

igate the wellbore through tight spacing and remain in 

the target zone. The constant rota-

tion of the drillstring allowed more 

efficient hole cleaning and helped 

achieve an ROP of 52.87 m/hr 

(173.47 ft/hr) for the RSS run. 

The comprehensive solution suc-

cessfully drilled 5.6 km (3.52 miles) 

from shoe to TD in a single run. 

Not only did this surpass the previ-

ous single-run RSS drilling record 

by more than 640 m (2,100 ft), 

it also helped the operator reach 

TD in eight days and meet a tight 

scheduling window for completing 

the well. The operator was pleased 

with the results and is continuing to 

work with Weatherford to efficiently drill other high-tem-

perature directional wells in the field. 

Extending efficiency gains
The application of this high-temperature directional 

drilling solution is certainly not limited to the Eagle Ford. 

Based on its recent record of success, Weatherford’s 

approach is attracting the attention of other operators 

interested in maintaining high drilling efficiency while 

navigating high-temperature tortuous well paths to TD. 

Increased operational efficiency is always an import-

ant criterion for selecting drilling technologies in 

extreme-temperature extended-reach wells. But when 

rig rates eventually start climbing again, the need for 

technologies that boost ROP and drive down the num-

ber of days on a well will be even more critical. When 

that day comes, RSS-based directional drilling systems 

stand ready to deliver wells to TD with an efficiency and 

precision that mud motors cannot reach. 

HP/HT DRILLING

When rig rates  

eventually start  

climbing again, the 

need for technologies 

that boost ROP and  

drive down the  

number of days on  

a well will be even  

more critical.
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Ahmed Osman, Schlumberger 

T
oday’s wells are longer, deeper and hotter than ever 

before. As oil and gas recovery becomes increasingly 

complex, operators must implement innovative drilling 

technologies and new methodologies to optimize well 

economics. Successful well construction requires deep 

domain knowledge, technological sophistication and 

efficient operational execution. 

Going beyond individual technological advancements, 

the next step in improving drilling performance involves 

integrating the entire drilling system—the bottomhole 

assembly (BHA), drilling fluid, drillstring and surface 

equipment—with a data-driven drilling workflow and 

technical expertise to address the specific challenges 

and complexities of each well. 

Pushing the envelope
Extended-reach drilling (ERD) enables operators to 

develop assets more efficiently by maximizing reservoir 

exposure to a single wellbore and to access reservoirs 

that are located away from operation facilities. However, 

ERD wells present high operational risks, uncertainties 

and engineering challenges. When drilling these wells, 

operators typically face extreme hole-cleaning challenges 

and the inherent difficulty of transferring weight on bit. 

In one project a Middle East operator planned to drill 

a deep ERD well through a high-temperature forma-

tion from a surface location adjacent to an urban area. 

Considered one of the most complex carbonate reser-

voirs in the Middle East because of its heterogeneous 

nature, the formation was made up of limestone, dolo-

mite, anhydrite and small amounts of shale. In addition 

to penetrating formations with temperatures as high as 

157 C (315 F), further ERD drilling challenges specific to 

this reservoir included bit balling, high torque and drag, 

wellbore instability, water flow, abrasive formations, over-

pressured formations, fluid losses and hydrogen sulfide. 

Taking an integrated multidisciplinary approach
The operator worked with Schlumberger to integrate all 

elements of the well design. The project began with a 

geomechanics study and an in-depth offset well analysis 

to gain a detailed understanding of the ERD section to 

prevent wellbore damage. The study identified the safe 

mud-weight window by establishing that at 90 degrees 

the porous layers had a narrow mud weight while the 

tight layers had a wider mud weight. This helped to 

define that the ERD interval needed to be drilled in a 

low-porosity zone.

Based on the studies, specialized oil-based drilling flu-

ids were selected for the ERD sections, and the drilling 

loads and conditions were analyzed using torque and 

drag, hydraulics, and temperature models. A temperature 

model was calibrated at a thermal factor of 1.4 with a con-

firmed reach of between 154 C (310 F) and 157 C. The 

model was matched with actual data, helping to anticipate 

the expected downhole dynamic temperature before the 

commencement of drilling during the ERD phase—essen-

tial for equipment setup and ensuring that the technolo-

gies were configured for such high temperatures. 

Next, petrotechnical experts conducted a multidisci-

pline risk register. All potential hazards were identified 

by geological formation, and prevention and mitigation 

measures were proposed. Major hazards and mitigation 

actions were focused on wellbore stability, hole clean-

ing, torque and drag management, high mud solids, 

and abrasive and high-temperature drilling. The pre-

job planning and risk register resulted in the design of 

application-specific drilling systems and solutions that 

integrated drillbit design, directional drilling, LWD, 

drilling fluids, surface logging services and hole-clean-

ing services.

Drilling system selection, performance modeling 
The planning phase was complemented with the imple-

mentation of ERD practices and high-temperature man-

agement. Using the IDEAS integrated drillbit design 

platform and the i-DRILL engineered drilling system 

design, different stabilization options were compared to 

identify optimal drilling parameters that would increase 

ROP and minimize vibration to mitigate BHA damage and 

failure. This was accomplished by combining a bit-rock 

cutting model based on laboratory testing with a finite ele-

ment analysis of the bit and drillstring (Figure 1). 

High-temperature drilling  
pushes the limits        

An integrated approach drills record ERD well in the Middle East.
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To deliver high ROP in the ERD interval of the well, 

the drilling team selected the PowerDrive rotary steer-

able systems (RSS). With full rotational capability, the 

RSS eliminated dragging components, enabling faster 

drilling to target depth and quicker pulling out of the 

hole due to the good hole condition, reducing time 

to production. 

The operator used the RSS in the 

ERD section to ensure a high ROP.  

The RSS conditioned the hole while 

drilling, reducing the risk of sticking, 

casing wear and drillstring fatigue.  

The RSS was paired with the Sting-

Blade conical diamond element bit for 

improved footage and ROP. The drive 

system delivered a 26% improvement 

compared with the operator’s previous 

extended-reach wells. The result was  

the first ERD section ever drilled in this 

heterogeneous carbonate formation. 

In the reservoir interval, where 

temperatures were expected to reach 

more than 149 C (300 F) and the 

abrasive reservoir was to be pene-

trated, the PowerDrive Orbit RSS 

was selected for heat and abrasion 

HP/HT DRILLING

FIGURE 1. This chart displays well profiles of an operator’s other extended-reach wells compared to the operator’s first high-temperature ERD 

well. (Source: Schlumberger)

FIGURE 2. The PowerDrive Orbit RSS cuts  

drilling time and increases efficiency in severe 

downhole conditions. (Source: Schlumberger)
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resistance. The RSS was configured with highly abra-

sion-resistant deflection pads that proved to withstand 

a highly competent abrasive formation of 35,000-plus 

psi unconfined strength (Figure 2). 

Although the well profile was designed to avoid 

possible H2S-bearing zones, a brine-soluble H2S  

scavenger was applied in the drilling fluid as a  

safeguard. In addition, the drilling team used a  

drilling fluid simulation software to simulate hole 

cleaning and manage equivalent circulating density 

on a daily basis. 

Surface logging services also were selected, includ-

ing a hole-cleaning and wellbore risk-reduction ser-

vice to evaluate hole condition and cuttings recovery 

in the highly deviated sections of the well, a pore 

pressure analysis service, and a fluid loss and gain 

detection service. The OptiWell well construction 

performance service was deployed to integrate all 

wellsite data and provide recommendations to max-

imize ROP and minimize nonproductive time and 

reduce risks (Figure 3).

Setting new high-temperature well record
The operator drilled the high-temperature ERD well 

to a total depth of 7,658 m (25,125 ft) with no HSE 

incidents or downhole equipment failures within the 

planned time frame. In addition to being the first 

high-temperature ERD gas well drilled by the oper-

ator, the well set a record for the operator’s deepest 

ERD well. 

Pre-job planning and a detailed risk assessment not 

only delivered an integrated drilling system but also 

provided a holistic approach by considering the wire-

line logging and cementing operations. The well 

design and robust hole condition made it possible to 

run and cement the 7-in. ERD liner smoothly and to 

deliver the deepest tough logging conditioning system 

wireline run in the Middle East. By combining tech-

nologies and technical expertise, the operator was 

able to push the boundaries of directional drilling, 

setting the benchmark for future high-temperature 

ERD wells in terms of well construction efficiency, 

safety and execution. 

FIGURE 3. The integrated drilling system enabled the operator to drill to 7,658 m total depth, delivering the Middle East operator’s first  

high-temperature ERD gas well. (Source: Schlumberger)
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OPTIMIZATION

Shafeeq Khan, Lingjuan Shen and Nicholas Everson,  

BJ Services

F
riction is the conflict or animosity caused by a clash 

of wills, temperaments or opinions. In the case of 

hydraulic fracturing operations, it impedes the ability of 

fluids carrying proppant farther out from the wellbore 

and deep into a complex fracturing network. 

Reducing friction is a long-established challenge that 

operators must overcome to decrease fluid flow fric-

tion and enable high-rate pumping without requiring 

more pressure generation at the surface. The ability to 

precisely drill ultralong laterals and a desire to create 

highly complex fracture networks has encouraged adop-

tion of friction reducers. The use of friction reducers 

together with linear or crosslinked guar has tradition-

ally introduced increased treatment cost and opera-

tional complexity to both achieve friction reduction and 

maximize proppant transport. 

Reduced friction, increased viscosity 
BJ Services has developed a broad portfolio of friction 

reducers that can provide specific fluid properties in 

challenging applications. 

Recent advances in polymer chemistry have led to the 

creation of polyacrylamide-based technologies that can 

provide a greater reduction in pipe friction at lower 

loading because of its high molecular weight, providing 

improved proppant transport at higher loading during 

fracturing over conventional slickwater fluids. 

The benefits of these polyacrylamide-based polymers 

are wide-ranging. For example, using one solution 

across the entire fracturing process instead of several 

can create lower project costs, reduce water require-

ments as compared to conventional slickwater fluids, 

use fewer chemicals, use less equipment on location 

and provide greater flexibility for a rapid design 

change. It also enables enhanced proppant loading with 

added productivity in the wellbore.

The company’s ThinFrac MP is a cost-effective poly-

acrylamide polymer friction reducer with superior 

proppant-carrying properties. This synthetic polymer 

provides rapid hydration in 8 seconds to 10 seconds in 

cold water, developing instantaneous viscosity in slick-

water fracturing operations, and delivers the proppant 

to the fractures. Rapid hydration reduces the pipe fric-

tion pressure, which has been proven to lower hydraulic 

horsepower and surface equipment requirements. The 

polymer friction reducer is compatible with freshwater, 

brines and low-pH fluids.

The oxidizable linkages along the polymer’s back-

bone are a key feature. All current conventional friction 

reducers are polymers with carbon-carbon backbones. 

Difficult to break even in the presence of oxidizer 

breaker, these conventional reducers can cause for-

mation damage (less than 90% regain permeability). 

Engineered friction reducers 
enhance proppant transport         

A synthetic polymer friction reducer enables proppant loading and  

productivity in the wellbore. 

The enhanced polymer contains oxidizable linkages along its backbone, allowing a clean, efficient break with little to no formation or 

proppant pack damage. (Source: BJ Services)
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However, the molecular structure of the engineered 

friction reducer allows a clean, efficient break with lit-

tle to no formation or proppant pack damage, giving 

almost 100% regain permeability. No residue polymer 

or polymer fragments will be deposited on the fracture 

surface or in the proppant pack to impact the hydrocar-

bon production.

The use of the engineered friction reducer in North 

American shale plays has significantly increased pro-

duction and lowered operational costs by up to 30% for 

operators. Use of the polymer enables a smaller foot-

print on location, easier flowback and fewer personnel.

Anadarko Basin

An operator completing wells in the Stack Meramec oil 

formation used a hybrid treatment schedule that began 

with a slickwater fluid system using a conventional fric-

tion reducer at the beginning of the process and moving 

to a 20-lb linear gel with a high concentration of prop-

pant at the middle of the program to completion. The 

operator decided to adapt all of its slickwater designs to 

use the engineered friction reducer to simplify opera-

tions and reduce costs and logistics. The switch from lin-

ear and crosslinked gels generated 3% and 6% savings 

in chemicals costs, respectively. It reduced the number 

of chemicals on location and reduced transfer issues 

that can cause delays, screenouts or not pumping the 

stage as designed.

The technology is being deployed on a three-well pad 

and has effectively replaced a 20-lb linear gel on all 75 

stages. It also is being deployed on a two-well pad with 

100 stages for the operation. Each operation is being 

pumped at 80 bbl/min, surface treatment pressures 

are operating within acceptable ranges and no adverse 

issues have been identified.

The enhanced polymer was run at half the loading (0.5 

gallons per thousand [gpt]) compared to the conventional 

friction reducer (run at above 1 gpt on previous treat-

ments) and has demonstrated good friction reduction and 

lower surface treating pressures throughout the stages. 
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Marcellus Shale
An operator conducting horizontal multistage fracturing 

completions experienced nonproductive time, shutdowns 

and screenouts due to reservoir properties that were difficult 

to break down along with higher surface treating pressures.

It was recognized that the slickwater fracturing oper-

ation would require the addition of a linear gel to 

achieve the extra viscosity needed to effectively place 

the proppant. The engineered polymer’s pipe friction 

reduction capabilities and ability to act as a linear fluid 

viscosifier enabled the operator to easily attain the 

additional viscosity needed for breakdown and effec-

tively placed the proppant across the problem stages. A 

breaker was used to minimize formation damage and 

enhance regained permeability to greater than 95%.

By transforming a conventional friction reducer to 

a linear fluid viscosifier, the operator could minimize 

delays or shutdowns. The solution prevented screenouts 

by adding viscosity instantly and reduced costs.

Utica Shale
An operator had completed five wells using a conven-

tional linear gel fracturing fluid. Twenty-five wells were 

then completed using the ThinFrac MP friction reducer. 

Both sets of wells were treated with similar slickwater 

stages followed by sand-laden fluid stages. The sand and 

fluid volumes were identical. The wells treated with Thin-

Frac MP recorded a 79% increase in oil production. 

Eagle Ford Shale
An operator performing multistage horizontal fractur-

ing operations in the liquids-rich portion of the shale 

play required a product that would cost-effectively 

deliver higher regained permeability to enhance pro-

duction. Seven wells were selected to demonstrate the 

effectiveness of the technology. The wells ranged in 

depths from 2,560 m to 4,419 m (8,400 ft to 14,500 ft) 

and lateral lengths averaging 1,219 m (4,000 ft). Four 

gpt of ThinFrac MP fluid was injected into the blender 

with additives and proppant. In the same field 20 offset 

wells were pumped with high-proppant concentrations 

using a hybrid (slickwater, linear gel and crosslinked) 

fluid system. Each well was completed similarly with 

5½-in. casing and fractured in 14 stages to 17 stages 

using the plug-and-perf method. The wells using the 

engineered polymer showed production improvements 

averaging 30% to 70% when compared with direct off-

sets. The completion technique was equally effective in 

preventing abrasive wear and proppant settling in the 

high-pressure pumps.

In recent years the North American shale industry has 

been at the forefront of both technology identification and 

rapid adoption to maximize return on capital, outperform 

peer groups and achieve new benchmarks for production 

targets. The continued advancement in polymer chemistry 

has contributed directly to the reduction of operational 

complexity and efficient use of capital investments. 

The slot flow testing showed excellent proppant transport with no settling. (Source: BJ Services)
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UNCONVENTIONAL COMPLETIONS  

OPTIMIZATION

Sean Canning, Halliburton 

H
istorically, fracturing was characterized by the 

method of isolating the stages that had been pre-

viously fractured. The most successful methods for iso-

lating fracturing stages have been plug and perf (PNP) 

and sliding sleeves. Hydraulic fracturing with a PNP 

system is much more common than fracturing with slid-

ing sleeves due to the perceived importance of having a 

large number of individually fractured stages in the well-

bore. With PNP, multiple perforation clusters are placed 

in a single stage. Studies into the effectiveness of this 

method have concluded that many clusters are actually 

not taking fluid and are not contributing to production. 

This realization has steered industry efforts toward opti-

mizing cluster efficiency, making pinpoint stimulation 

with fracturing sleeves a viable option.

Challenges 
Traditional multistage fracturing sleeve offerings take 

the form of two designs: ball drop-actuated sleeves and 

coiled tubing (CT)-actuated sleeves. Ball drop-actuated 

sleeves use progressively sized balls to land on progres-

sively sized baffle seats. This progressive sizing means 

that larger balls are used for each subsequent fracturing 

stage, and the baffles are progressively smaller toward 

the toe of the well. Hydraulic fracturing with ball 

drop-actuated sliding sleeves is fast and water-efficient, 

but the number of stages is limited by the system design 

and capabilities. Only a finite number of incremental 

baffle sizes can fit within the casing. Additionally, the 

smaller baffle diameters can limit fracturing pump rates, 

production rates and the passage of cement wiper darts. 

CT-actuated sleeves are used in a similar fashion as 

the ball drop fracturing sleeves; however, a CT-deployed 

bottomhole assembly is used to open the sleeves and 

Reinventing the sliding sleeve        
New electronic monobore sliding sleeve offers a step  

change for unconventional completions.

The Elect monobore sliding sleeve system uses electronics to determine when to open by tracking the number of magnetic fracture balls 

deployed downhole. (Source: Halliburton) 
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provide zonal isolation. Although this overcomes the 

challenges associated with incremental seats, it does add 

the risk of CT in the wellbore when performing high- 

intensity high-volume stimulations and can result in ero-

sional/sleeve integrity issues in the heel of the well. 

Pump rates also are restricted to limit the impact of 

erosion and friction when pumping down the annulus of 

the CT. These reduced rates can minimize the ability to 

effectively achieve desired fracture extension and opti-

mize stimulated reservoir volume. Both the traditional 

ball-drop and CT fracturing sleeve systems have chal-

lenges that limit the ability to provide an unlimited num-

ber of stages and allow operators to optimize their stimu-

lation programs to more effectively contact the reservoir. 

Hydraulic fracturing with the PNP method allows an 

unlimited number of stages but at the expense of some of 

the operational efficiency. 

Electronic completion

The new Elect monobore sliding sleeve system from Hal-

liburton combines the operational efficiency of sliding 

sleeves with the same potential to hydraulically fracture 

an unlimited number of zones as is inherent to PNP oper-

ations. The result is a monobore sliding sleeve system in 

which a same-sized ball is used to activate and provide 

zonal isolation for each sliding sleeve. The system enables 

an unlimited number of treatable zones, accesses a larger 

amount of the reservoir and delivers an increase in the effi-

ciency of hydraulic fracturing operations. This new sliding 

sleeve system uses electronics to determine when the sleeve 

needs to open. The electronics count the number of frac-

ture balls that have been pumped through the tool. 

An electro-hydraulic lock activates when the targeted 

number of balls pass and shifts the sleeve. The shifting 

can enable single-entry, multi-entry or toe-sleeve type 

operations. The Elect single-entry fracturing sleeve sys-

tem uses fracture balls that have embedded magnets. 

The magnet-embedded fracture balls are pumped into 

the wellbore like any other traditional fracture ball. The 

magnetic field is easily detected by the electronics; thus, 

the sliding sleeve can calculate the number of fracture 

balls by counting the passing magnetic pulses.

The magneto-electronic signaling of the monobore slid-

ing sleeve is well-suited to hydraulic fracturing operations 

because all of the counting mechanisms are removed 

from the inner diameter (ID) of the tool. The critical 

components of the sleeve are housed out of the flow path 

of the fracturing fluid.

“We initially looked at mechanical methods for count-

ing balls,” said Zachary Walton, principal R&D engineer 

in charge of the development of the Elect sleeve systems. 

https://www.epmag.com/
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“We were concerned about the reliability of a mechani-

cal counter when exposed to high-rate fracturing as well 

as to cementing. Proppant can really lock up a mechan-

ical system. Mechanical counting also is limited by the 

number of clicks built into the tool.”

The electronics installed in the monobore sleeves allow 

additional logic to be incorporated into the counting 

steps. Combinations of magnetic signatures are used  

to create additional commands, such as a command 

to send the tools to sleep. This helps ensure the ball 

counting will not be confused by the passage of other 

downhole intervention tools that might be used during 

an inadvertent screenout. The electronic counting meth-

odology also allows an adaptive threshold to help ensure 

the signal from the magnetic fracture balls is always 

stronger than any ambient magnetic field or noise inher-

ent in a wellbore.

Batteries power the electronics in the sliding sleeve, 

but these are not typical batteries. Lithium batteries 

are routinely used downhole, but these electronics 

required a new variation on the lithium chemistry to 

provide power for extended time at downhole tempera-

tures. Multiple electronic assemblies were tested for an 

extended duration at representative downhole tempera-

tures. The battery voltage was monitored and recorded 

during the testing. By using a combination of sleep 

mode and efficient electronics design, the electrical sys-

tem operated for at least 90 days, and the sliding sleeve 

opened when the magnetic fracture ball was passed. 

Additional batteries and lower operating temperatures 

allow a longer time between installing the completion 

and fracturing the wellbore.

“The Elect sleeve represents collaboration between mul-

tiple Halliburton product lines. Research on battery tech-

nology and electro-hydraulic locks has been leveraged 

into many of our products,” said Dr. Michael Fripp, chief 

scientist for completions research at Halliburton. 

Future of completions
The Elect monobore sliding sleeve system is designed to 

be used with dissolvable fracture balls. The fracture balls 

are constructed from a high-strength dissolving metal 

and are embedded with dissolving magnets. Both the 

metal and the magnets will dissolve into micron-scale 

dust with exposure to wellbore fluid. Neither fluid sub-

stitutions nor added enzymes are needed to induce dis-

solution. Using the dissolving metal and magnet fracture 

ball along with the electronic sliding sleeves enables a 

full-wellbore ID once the hydraulic fracturing operations 

are complete.

This type of technology lays the foundation for future 

innovations in hydraulic fracturing and provides a mod-

ular design that can be used for multi-entry and toe-

sleeve designs. Once these types of technologies are 

proven in a downhole environment, additional capabili-

ties will be enabled through hardware and software 

improvements. These enhancements will advance the 

future of unconventional completions to include well-

bore diagnostics, wellbore monitoring and real-time 

data acquisition. 

A cross-section view of the Elect monobore sliding sleeve is shown. (Source: Halliburton)
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PRODUCED WATER  

MANAGEMENT

Tyler Hussey and Holly Churman, GHD

I
n upstream oil and gas the only certainty is uncer-
tainty; this applies to produced water (PW) as much as 

anything else in the oil field. Water production occurs 
throughout the life of a well, mostly consisting of forma-
tion water once the initially injected completions fluid 
flows back to the surface. Both the production and qual-
ity of the water varies significantly from region to region 
and from well to well. Conventional PW disposal occurs 
via Class II injection wells, either by saltwater disposal 
wells (SWDs) or enhanced recovery injectors. However, 
the disposal well status quo is changing as more produc-
ers look to treatment and reuse as a disposal alternative.

Evaluating produced water economics
To address economic uncertainties related to various 
water management strategies, the Upstream Water tool 
was developed by researchers David Burnett and Tyler 
Hussey at Texas A&M University. The tool provides an 
unbiased evaluation of PW economics from an opera-
tor’s perspective. The model considers an operator’s 

costs, including sourcing, storage, logistics, treatment 
and disposal costs. The economic value of water is  
realized either through a source water cost savings or  
a treated water revenue. These costs, coupled with pro-
duction and demand data, are used to project various 
scenarios throughout the lifetime of a field. GHD, an 
engineering consulting firm, exclusively licensed the 
model. The firm is commercially implementing the 
model and furthering its development.

Uncertainties in PW arise from both the price of oil and 
the inherent microclimates that exist region to region. 
The current low-price environment for oil and gas has 
underscored the necessity of cost reduction across oil-
field expenses. This is in contrast with the pre-2014 oil 
price peak of more than $100/bbl, when massive margins 
overshadowed the importance of minimizing expenses. 
Although oil is hovering at $50/bbl, many tight oil and gas 
companies are surviving due to lower breakeven costs for 
drilling and completions and reductions in lease operating 
expenses, of which water management is often a signifi-
cant portion. As the price of oil is projected to remain low 
for the next few years, reducing expenses through proper 
water management is essential.

Furthermore, basins, 
plays and fields across 
geographic locations tend 
to vary in a multitude of 
ways; the realities in each of 
these regions—ostensibly 
upstream oil and gas micro-
climates—exacerbates eco-
nomic risk and uncertainty. 
Water production and qual-
ity varies in each of these 
regions. Each state governs 
its surface and ground 
water differently, and each 
operator has different 
water needs and supporting 
infrastructure. Each cost 
associated with sourcing, 
trucking, disposal and treat-
ment, and the overall water 

Leveraging data for water  
management optimization        

Tool provides evaluation of produced water economics. 

FIGURE 1. This chart shows production, demand and the drilling schedule for the example case. (Source: GHD)
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management strategy varies across organizations and is 
also dependent on the price of oil.

With these uncertainties, there is no one-size-fits-all 
solution to PW management. The most economical strat-
egy for one field is likely different from the next. The fol-
lowing example case study modeled with the Upstream 
Water tool is presented to illustrate the advantage of 
properly leveraging data to optimize a water manage-
ment plan. The study was based in the Permian Basin. All 
costs, production and demand data are estimated based 
on experience and represent typical conditions seen in 
the region. Figure 1 displays the drilling schedule, water 
production and water demand curves for the field. The 
demand, assuming completions accounts for the major-
ity, is calculated based on the drilling schedule.

Balancing capex and opex
There is significant debate over the relative advantages 
of capex- vs. opex-intensive management strategies. For 
example, is it more cost-effective to utilize in-house SWDs 
or commercial SWDs? Is there a greater advantage to 
using pipelines to convey water in a given field or haul 
water via trucking? In-house SWDs and pipeline infrastruc-
ture require significant capital investment but demand 
low opex over the long term. Operationally, commercial 
SWDs and trucking require significant annual opex. The 
deciding economic factor as to which option is most 
advantageous comes down to project duration.

Figure 2 plots the net management cost per barrel for 
three scenarios: commercial SWD baseline, 100% reuse 

(extensive treatment for 
resale) and completions 
reuse (minimal treatment 
for demand, additional PW 
disposed). The first rep-
resents the net cost per bar-
rel for sourcing the water 
at $0.50/bbl, disposing 
of the water at $0.40/bbl 
and transporting the water 
from the well to the SWD 
by trucking. Both treat-
ment and reuse cases use 
in-house SWDs and pipe-
line conveyance. The 100% 
reuse case assumes desalina-
tion at $3.50/bbl for reuse 
in operations and resale 
for beneficial reuse (agri-
culture, irrigation, munic-
ipal process water) at $1/

bbl—the waste generated by treatment is disposed of by 
in-house SWDs. The completions reuse case assumes min-
imal treatment at $0.25/bbl, and additional water outside 
of the completions demand is disposed of via in-house 
SWDs. For this case minimal treatment for completions 
reuse with pipelines and in-house SWDs was the most 
economical scenario, and the savings plotted in Figure 2 
illustrates the long-term economics of this option.

The result of this example case study is typical of that 
seen in the field: Minimal treatment for PW reuse in 
completions operations is the most economical form 
of treatment and reuse. With salt-tolerant completions 
chemicals only minimal treatment is required to reuse 
water in operations. In Figure 1 the demand was signifi-
cantly less than PW production. Therefore, excluding 
the required completions demand, the majority of PW 
will be disposed. Most desire to be both environmental 
and economical, yet surface discharge or beneficial 
reuse requires such extensive treatment that the net 
cost is too high for operators to justify.

Similar to its quality, quantity and associated costs, the 
PW industry is constantly changing. The trends of today 
are much different than the trends of five years ago, and 
everyone is talking about PW. While the desalination 
required for beneficial reuse is too expensive in the cur-
rent market, the future is a different story. As water con-
tinues to gain attention, an operator that leverages data to 
optimize its water management strategy will have a com-
petitive edge. The day is coming where water will be a 
commodity rather than a waste. 

PRODUCED WATER  

MANAGEMENT

FIGURE 2. This chart depicts net management cost per barrel for commercial SWD, 100% reuse and completions 

reuse assuming pipeline transportation and in-house SWD for both treatment scenarios. (Source: GHD)
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PRODUCED WATER  

MANAGEMENT

James P. Welch, Veolia Water Technologies

T
he concept of using data collected from oil and gas E&P 

operations to optimize production is not new. Software 

and service providers that promise insights into reservoir 

behavior, production management and optimization of 

water injection techniques abound. The emergence of the 

Industrial Internet of Things (IIoT) and cloud-based com-

puting has generated a plethora of new businesses with 

cloud-based solutions for oil and gas field management.

As the need to be competitive in today’s marketplace 

becomes ever more urgent, E&P companies are begin-

ning to realize the costs and risks associated with man-

aging the water necessary to carry out completion and 

production operations. The same types of tools applied 

to oil and gas wells are now available for water treatment 

and management. 

Veolia’s digital water offering, Aquavista, leverages the 

information needed for water logistics and treatment 

optimization that already is being collected through the 

human machine interface (HMI) and programmable 

logic controllers (PLCs) present in the water treatment 

systems. The next step is putting those data to use. The 

company’s digital offering is being provided as an added- 

value service.

Software as a service in water treatment
The service can be applied to a single unit process in a 

water treatment system, to the entire system or to multiple 

plants. The system works through the addition of data col-

lection devices that access specific data at predetermined 

time intervals and transmits the data to the cloud for long-

term storage, all without requiring modification of exist-

ing PLC or HMI programming. Algorithms are applied to 

organize and interpret the data. Benchmarking can then 

be performed to analyze the efficiency of the various unit 

processes in the system and thus enable optimization. 

Onshore advantages
Veolia is evaluating the implementation of the digital plat-

form in a centralized produced water treatment system in 

the U.S. that consists of more than 2,500 potential data 

inputs for parameters such as flow rate, water level, pH, 

turbidity and a variety of other process indicators across the 

system. The larger the system, the fewer inputs required 

for each unit process because common datapoints like 

flow rate will be the same across the system. Customization 

involves determining the best place to collect the data. 

A key element in this project is learning what the 

customer wants to achieve. The tool could be used 

by a permitting engineer to evaluate environmental 

parameters, by a maintenance manager to implement 

preventive and predictive maintenance programs, by a 

procurement manager to develop orders for water treat-

ment chemicals or by management personnel who may 

be watching other key performance indicators (KPIs). 

Apart from large centralized facilities, cloud-based sys-

tems like the Aquavista platform are particularly useful 

for oil and gas operations that have many smaller oper-

ations scattered across a large geographical area. Often 

the operations and maintenance staff spend a majority 

of their time driving between these dispersed operations 

units simply to check the status of disconnected systems. 

The system can be configured to provide disparate 

quality and inventory updates, operational status of 

equipment, alarms and events, and any other relevant 

information to staff and managers. This allows the field 

staff to spend their time dealing with operations units 

that need attention rather than driving to remote oper-

ations units that may be functioning within parameters. 

Additionally, smart algorithms, deep data analytics and 

access to the company’s experience may allow the staff 

to optimize operations and save costs by operating the 

water treatment facilities more efficiently.

Digital oil meets digital water        
A cloud-based system optimizes data collected in water treatment operations.

Aquavista collects data from the existing HMI of the PLC and 

applies analytics and algorithms to optimize operations.  

(Source: Veolia)
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Offshore benefits
Veolia has implemented the digital platform for the 

upstream oil and gas sector with live connection to 

offshore FPSO units. The system is used to provide 

onshore performance monitoring of the offshore water 

treatment systems. In conjunction with the company’s 

specialist engineering abilities, the system helps cus-

tomers increase oil recovery through defined business 

KPIs, performance KPIs, optimization of automated 

sequencing and manual batch control interventions. 

It also provides automated reporting between onshore 

and offshore operations personnel. 

The company has 20-plus assets operating live on the 

system, and customers have seen an impact on their 

operations with reduced operating risks, increased effi-

ciency and lower opex. 

Importance of cybersecurity
One of the goals of the system is to be as flexible and 

noninvasive as possible with regard to integrating data 

collection into existing IT and automation infrastruc-

ture. The key to any digital offering is the cloud plat-

form, and data security is the primary requirement. The 

service uses industry-standard transaction layer security 

v1.2 and X.509 security certificates to encrypt and vali-

date data exchanged between the plant and the cloud 

while ensuring the data are always safe. 

Once in the cloud, the platform can then apply smart 

algorithms, analytics, notifications and visualization to 

assist the operations staff in being more proactive and 

less reactive. The cloud platform allows the operations 

staff more mobility while retaining the ability to moni-

tor the plant and receive alarm and event notifications. 

Step-wise approach
To meet the needs of a broad range of industry oper-

ations, from centralized water treatment systems to 

individual unit processes located at various locations, 

Aquavista operates on three levels:

Level 1: Data acquisition and storage in the cloud to create an 

intuitive monitoring and reporting tool. The secure web appli-

cation can be customized to organize data as the user wants 

to see it, giving instant access 24/7 to authorized personnel 

for a single technology, a complete water treatment system 

or multiple systems at multiple sites. Convenience features 

such as access to training videos, manuals, health and safety 

records, service reports, purchase orders and other doc-

umentation can be incorporated along with the ability to 

order spare parts and services online. 

Level 2: Data-driven performance optimization. The system 

is designed, implemented and continuously updated by 

water experts. The system uses continuously updated 

data analytics and algorithms to optimize the operation 

of the water treatment plant. More than 100 years of 

water treatment and process expertise is built into the 

software. This feature enables identification of proactive 

ways to reduce workflow inefficiencies and asset failures 

by creating preventive and predictive maintenance 

schedules. Utilizing data for the influent water, water 

treatment chemical usage is managed to ensure com-

pliance while minimizing the dosage and maximizing 

cost savings. At some facilities remote access and con-

trol could potentially reduce labor requirements while 

ensuring the consistency of the treated effluent.

Level 3: The virtual engineer. To complement the data 

offering, the company provides access to a worldwide 

knowledge base and benchmarks from a range of similar 

installations and a human element through a network of 

water experts. These experts are available to provide online 

assistance 24/7; scheduled training sessions; and instant 

troubleshooting, maintenance and emergency support. 

Digitizing produced water treatment
The IIoT is a revolution in the field of water managment 

and provides several benefits to plant operations staff 

and managers alike. Data transfer between devices or 

systems in the field and a cloud-based operations plat-

form like Aquavista is the core of a modern system that 

will afford management and operations staff flexibility, 

safety and efficient operations. 

Cost savings will be realized by minimizing the chemi-

cal consumption, power usage and labor requirements 

to monitor and effectively manage the water treatment 

system to ensure optimal performance. Customization 

will ensure the varying needs of facilities from small, 

remote operations to multiple large centralized plants 

are met with a right-sized digital solution. 

PRODUCED WATER  

MANAGEMENT

The virtual engineer feature of Aquavista offers access to Veolia’s 

staff 24/7. (Source: Veolia)
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SUBSEA PROCESSING &  

MONITORING

Mark Venables, Contributing Editor

T
he subsea factory has long been the aim of E&P com-
panies, and step by step it is becoming a reality. One 

of the key components is technology for the distribu-
tion, delivery and control of the subsea power system. 

That is the theme of a joint industry project (JIP) 
that ABB Oil and Gas has been running with Statoil, 
Total and Chevron with an aim to develop technolo-
gies for subsea power transmission, distribution and 
conversion at greater distances, in deeper waters and 
in harsher environments. The project started in 2013 
and targeted a 3,000-hr 
shallow-water system test in 
2017, including the qualifi-
cation of pressure-tolerant 
medium-voltage switchgear, 
medium-voltage drives, and 
supporting controls and aux-
iliary supplies.

The project budget is 
more than $100 million and 
is funded by ABB, Statoil, 
Total, Chevron and The 
Research Council of Norway. 
The target environment is 
water depths up to 3,000 
m (9,843 ft), transmission 
distances up to 600 km (373 
miles) and power levels up 
to 100 MW.

According to Jan Bugge, 
project director, there are 
two main challenges with providing subsea power: pres-
sure and reliability. 

“You don’t want to go down there every now and 
then and service the equipment,” he said. “You want 
a fairly long intervention cycle—years rather than 
months. On top of that, the systems need to operate  
at 300 bars [4,351 psi] pressure, so all the power elec-
tronics, all the switches, everything, has to work under 
those very tough conditions.”

Testing times
The project was scheduled to reach a key milestone in 
late 2017 with the shallow-water test for the drive sys-
tems that were expected to start in Vaasa, Finland,  
in November.

Bugge said two variable speed drives in a parallel con-
figuration will be installed with subsea switchgear and 
controls and operated in shallow water for 3,000 hours. 

“The aim of this is to demonstrate full system function 
and interfaces under normal operation and fault condi-
tions; gain reliability experience; and demonstrate the 
suitability of the full-scale prototypes, including thermal 
properties and marinization for a technology readiness 

level of 4+,” he said. 
The technology readiness 

level (TRL) scale was devised 
by NASA researcher Stan 
Sadin in 1974. Each TRL 
represents the evolution of 
an idea from a thought, per-
haps an initial sketch to the 
full deployment of a product 
in the marketplace. Today’s 
scale runs from TRL 1 to 
TRL 9. A technology that 
has achieved TRL 9 is one 
that has been incorporated 
fully into a larger system. To 
achieve TRL 4, a technology 
must be validated in labo-
ratory conditions, while for 
TRL 5 it must be validated 
in its working environment.

“The requirements for 
TRL 4+ are the same as for TRL 4 with the additional 
requirement of demonstrating 3,000 hours of opera-
tion in shallow water. At this readiness level the equip-
ment may be part of a real pilot installation,” Bugge 
said. “Naturally, the thermal performance and cooling 
efficiency of the subsea drives will be in focus during 
the test. It is essential to verify that individual material 
temperature limits are not violated to claim the target 
design life.”

Powering ahead for the  
subsea factory        

A JIP is developing technologies to efficiently power up subsea system operations.

The subsea power substation is a component of the subsea 

factory being developed as part of a JIP. (Source: ABB)
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For the test the units will be as close as possible in 

design and functionality to units that will be deployed 

in a future pilot installation; however, the drives will be 

operated in a back-to-back configuration directly with 

the grid without motor loads. This is a so-called “pow-

er-in-the-loop” test where only power losses need to be 

supplied from the grid. Testing with a high-power motor 

load is not done in seawater but rather as part of a fac-

tory acceptance test (FAT) before leaving the factory.

The shallow-water test consists of several stages of 

testing in seawater in a sheltered harbor. “Before con-

necting the power there will be a period of system test-

ing that will cover various redundant communication 

tests, black-start sequences, verification of ride-through 

(energy storage), protection setting adjustments, var-

ious breaker and disconnector operations, insulation 

monitoring system verifications and operation of the 

drives with one or more cells out of service,” Bugge 

said. “The topside control system is not part of the 

qualification but is needed for control and operation 

of the prototypes. 

“The 3,000-hr tests are the culmination of a number 

of interim tests of the key equipment types. These tests 

include the first full-scale prototype of the variable speed 

drive, which [was scheduled to] be tested in shallow 

water during 2017. In addition, all prototypes will be 

tested and verified in line 

with the design specifica-

tions during a routine test/

FAT with all control inter-

faces present and confirmed 

suitable for the shallow- 

water test,” he added.

Next steps
As for bottlenecks in the 

process, Bugge conceded 

there are a lot of them.

“You need to have a very 

systematic approach where 

you really understand the 

physics of what is happening 

and to understand the lim-

itations of the various com-

ponents. To achieve this, 

there is a very dedicated cre-

ation process,” he said. “We 

need to understand care-

fully where the weaknesses 

are and how we can mitigate 

those weaknesses so that we 

get a system that has the reliability that we need, because 

at the end of the day the oil companies need to produce 

with a certain probability.

“In terms of technology, numerous advances have 

been made. These technology developments and the 

project progress rely heavily on experience, know-how 

and an ability to deliver, but they are also absolutely 

dependent on the form 

of collaboration—a joint 

industry project,” he said. 

“This setting gives a strong 

commitment, a clarity of 

goals and common purpose 

and a strong sense and 

anchoring of the commer-

cial from different perspec-

tives of the partners. We 

have already seen the fruits 

of this partnership having 

passed an important deci-

sion gate milestone in April 

2015, having verified the 

technology concept as well 

as passing TRL 2 for a num-

ber of key components.”

Once the shallow-water test 

hurdle has been cleared, the 

next stage will be a pilot proj-

ect, and Bugge confirmed 

the JIP has several in mind 

but could not confirm where 

and with whom. 

SUBSEA PROCESSING &  

MONITORING

Partners involved in the subsea factory JIP said pressure and  

reliability are among the main challenges in providing subsea 

power. (Source: ABB)

Two subsea variable speed drives in a parallel configuration 

are part of the shallow-water test. (Source: ABB)
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Philippe Herve, SparkCognition 

A colleague recently described subsea operations as 

“trying to hit someone in the head with a baseball 

bat while it dangles from an airplane.” Drillbits must 

go thousands of feet under water and then even farther 

underground to reach a reservoir target only a few 

inches wide. Although there are advantages to subsea 

production, like protection from natural elements and 

reduced load on floating platforms, it is difficult work. 

At underwater depths of several thousand feet there is 

no visual on corrosions or leaks as there would be with 

onshore wells. The monitoring of operations is not as 

simple as sending a worker in a truck to check it out. 

If a potential problem arises, investigation involves spe-

cially trained teams of divers, ROVs and more, typically 

resulting in lost production time for an already stag-

geringly expensive venture (in the realm of millions of 

dollars per day).

In addition to conducting this precise work with 

little visibility as to how it’s going, there is essentially 

no room for error. The Deepwater Horizon blowout in 

2010 demonstrated the vital differentiator of subsea 

operations. While all well failures are big and expensive 

hassles, subsea failures can be catastrophic. With such 

severe consequences reliable operational insights are of 

the utmost importance.

Recently, companies have been turning to artificial 

intelligence (AI) to provide visibility into how opera-

tions are progressing and to protect against disaster. 

AI has already been employed across several industries, 

saving millions of dollars in energy production thanks 

to failure prediction, providing more intelligent mainte-

nance in aerospace and increasing viable production in 

manufacturing. AI technology holds particular promise 

for subsea fields in the form of predictive maintenance 

uses, the ability to streamline operations, and reduced 

safety and environmental cost implications. 

Science of AI
At its core the use case for AI is relatively 

simple. It can analyze large amounts 

of historical data from various sensor 

sources (temperature and pressure 

gauges, flow rate, etc.) during previous 

behaviors (including normal operations 

and during failures) to find patterns. 

Because AI is capable of considering so 

many variables, it can find connections 

and indicators of failure that may other-

wise go undetected.

Previously, subject matter experts 

would leverage their understanding 

of an asset to create a physics-based or 

statistical-based model that predicts a 

desired outcome; essentially it would be 

the data plus the program to determine 

the output (data+program=output).

Interpreting data from the  
depths of the seas         

The use of AI to monitor subsea operations is growing.

Companies are turning to AI to better monitor 

and respond to offshore operational challenges.  

(Source: SparkCognition)
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Now, with machine learning, algorithms can derive 
a predictive model by simply learning from a combina-
tion of historical data and examples of the outcomes 
that one would want to predict; essentially it is the data 
plus the outcomes to determine the program (data+ 
outcome=program).

There are two main areas of AI that can be utilized to 
help the oil and gas industry.  

Supervised learning can be used to build predictive 
models when there are sufficient examples of the out-
come to predict. These algorithms derive the pattern of 
information that precedes the desired outcome.

Unsupervised learning can be used to find anomalies 
when there are insufficient examples of the desired 
prediction. In these cases, the model does not look 
for the desired outcome but instead can be trained to 
determine what is “normal.” Then the software can alert 
users to any issues that are “not normal” or anomalous. 

Finding anomalies indicative of a deviation from nor-
mal or making a direct prediction of 
a desired outcome can have signifi-
cant implications for an oil and gas 
company in terms of improving effi-
ciency, production and safety. 

Aiding decision-making in the 
drilling process
Efficiency has always been a focus for 
oil and gas companies, particularly 
in recent years. This is especially true 
for subsea operations due to high 
cost and has driven operators to look 
for efficiencies whenever possible. 

Subsea drilling is completely human-driven from the 
ocean surface: One operator ensures the drill follows 
the path predetermined by a computer while another 
controls the drill. 

However, AI can aid subsea processes by finding the 
most efficient path to drill to a reservoir. As a drill goes 
through different formations, the technology could reg-
ulate weight on bit in terms of speed, torque or other 
variables during lengths of hard or soft rock to avoid 
diverting from the drilling path while maintaining the 
correct angle. This kind of real-time feedback helps to 
avoid human error while optimizing the drill path for 
maximum energy efficiency.

Optimizing pump configuration, 
predicting failures
Production also can benefit from AI’s ability to analyze 
large amounts of data and build models from the infor-

mation. Based on historical data, production models can 
be developed for each well and reservoir. The advanced 
analytics of AI can produce a much clearer picture of 
production at each well, and this information can be 
used to decide what types of pumps should be used and 
how many should go in each well. 

Predicting failures also leads directly to increased 
production. For example, Fereidoun Abbassian of BP 
recently mentioned that the company has completely 
eliminated stuck-pipe instances since implementing 
Well Advisor, an advanced analytics platform. With each 
instance costing $10 million to $50 million, BP esti-
mates this implementation is saving the company $100 
million/year. 

Forewarning to avert disaster 
Another major opportunity for AI is in the detection of 
incidents like well kicks. From an environmental and 
safety perspective, the unwanted entry of fluids into a 

reservoir can be disastrous as it can 
spill flammable material on the rig 
and into the ocean. With less sophis-
ticated methods of detection a kick 
is only evident when these fluids 
actually reach the rig. From there 
the time line to resolve the incident 
before disaster occurs is limited, 
meaning more drastic measures like 
blowout prevention (which will wipe 
out all progress on the well and result 
in hundreds of millions of dollars in 
lost production) might be necessary.

AI technology can provide failure 
prediction further in advance than traditional methods 
of monitoring. It can monitor downhole sensors and 
inform the surface-level crew if conditions indicate a 
well kick. This allows the crew to make remedial deci-
sions more intelligently since they have more informa-
tion and more time to solve the problem. In addition to 
preventing downtime, the increased forewarning could 
save lives.

A more intelligent future
Although not all of these applications are flawlessly in 
use today, they represent the future direction of the 
industry. Early successes have reinforced faith in the 
abilities of AI, and as the field expands, more use cases 
are being explored. AI is defining its place in oil and 
gas, and the unique considerations of subsea operations 
are allowing for the possibility of progressive changes in 
the field. 

SUBSEA PROCESSING &  

MONITORING

AI holds particular 

promise for  

subsea fields in  

its ability  

to streamline  

operations. 
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Scoop, Stack continue slow climb  
Production increases expected as new wells come online.

Contributed by Hart Energy Mapping & Data Services
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Not only is Continental Resources producing the most boe production but its average boe production is among the best in the Scoop play, 

with 9,685 average boe produced per well as of November 2017. (Source: Hart Energy Mapping & Data Services)

TOP 20 SCOOP OPERATORS BY AVERAGE BOE PRODUCTION BY WELL COUNT

Continental Resources is seeing exceptional value for its 34 producing Stack wells, which are averaging 62,761 boe as of November 2017. 

(Source: Hart Energy Mapping & Data Services)
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TOP 20 STACK OPERATORS BY AVERAGE BOE PRODUCTION BY WELL COUNT

(Photo by Edward DeCroce, courtesy of Oil & Gas Investor) 
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Continental Resources Inc., 20% 

Newfield Exploration 
Mid-continent Inc., 15% 

Marathon Oil 
Co., 11% 

Plains Marketing 
LP, 6%  

Vitol Inc., 
5% 

Gulfport 
Midcon LLC, 

5% 

XTO Energy Inc. 
(Exxon Mobil), 

5%  

Sunoco Partners 
Marketing & 
Terminals LP, 
4%   

Enterprise Crude Oil LLC, 4% 

CP Energy LLC, 3% 

Phillips 66 
Co., 3% 

Targa Pipeline 
Mid-continent LLC, 2% 

Enable Gathering & 
Processing LLC, 2%  

Unit Petroleum Co., 2% 

EnerWest Trading Co. LC, 2% 
Devon Energy, 1% 

Southwest Energy LP, 1% 

Shell Trading US Co., 1% 

Infinity 
Hydrocarbons LLC, 1% 

Oneok Field 
Services Co., 1% 

All Others, 
6% 

TOP 20 SCOOP OPERATORS BY 2017 BOE PRODUCTION Continental Resources is 

the dominant operator in 

Oklahoma’s Scoop play, 

accounting for 20%, or 

more than 1.4 MMboe, of 

production as of November 

2017. (Source: Hart Energy 

Mapping & Data Services)

Three companies—Devon 

Energy, Newfi eld Exploration 

and Plains Marketing—have 

produced more than half the 

amount of oil in Oklahoma’s 

Stack play (as of November 

2017). Those three 

companies produced 

16.5 MMboe through 

mid-November 2017. 

(Source: Hart Energy 

Mapping & Data Services)  
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Joseph Chrasta, Trunkline Inc.

I
t always helps to be more connected. This is true for 

businesses just as it is for individuals. 

The vendor sourcing problem in the oil and gas 

industry has three parts. First is the problem of discov-

ery. Simply finding vendors can be difficult since some 

vendors do not have websites, social media accounts 

or an online advertising presence. Many high-quality 

vendors are still using traditional marketing techniques 

that have a shorter radius of influence. As a result, 

these vendors cannot find new business because they 

are not being noticed by new operators. Furthermore, 

operators are continuously limited to their existing ven-

dors and are not capturing the cost and schedule bene-

fits that variety and increased competition provide.

The second part of the vendor sourcing problem has 

to do with evaluating vendors effectively. Certifications, 

licenses, equipment availability and manpower are 

crucial metrics to an operator when considering ven-

dors for a project, and it can be very time-consuming 

to gather these metrics for comparison. Consequently, 

qualified vendors miss out on opportunities simply 

because operators do not have all the information.

Finally, the ultimate problem in the vendor-operator 

relationship is forming the partnership and executing 

transactions. Finding the right point of contact at the 

right office location is important for operators, and 

finding the project manager or purchaser in charge 

of the operator’s bid list is important for vendors. 

Unfortunately, this process is usually not very well 

organized, and the purchasing-related communications 

between vendors and operators often get mishandled.

Limitations of other methods
There is a real need for a powerful tool to help oil 

and gas companies find, evaluate and connect with 

one another more easily. Traditionally, operators and 

vendors have relied heavily on word-of-mouth to find 

each other, but this method of discovery is limited and 

unreliable. Sourcing vendors through referrals 

only recycles the vendors within a particular 

network and does not guarantee that an accept-

able vendor will be found for a given project.

Many in the oil and gas industry have real-

ized the limitations of word of mouth sourcing 

and have turned to conferences and expos to 

find partners. Industry events are beneficial in 

that they provide a common meeting place for 

companies to connect with new and existing 

partners, but there are significant drawbacks as 

well. Conferences cost thousands of dollars for 

exhibitors, travel fees can be substantial and 

there is no guarantee of new customers at the 

conclusion of an event.

Cold-calling, either over the phone or by mak-

ing door-to-door visits, is another option for ven-

dors to find customers, but the associated travel 

costs and the risk of not connecting with the right 

point of contact weaken this strategy as well.

The final tool that operators and vendors 

turn to in hopes of finding each other is the 

Online platform provides destination 
for oil, gas companies to connect  
Vendor sourcing in the energy industry is now powered by online social networking.

Successful project execution is made possible by a reliable team of suppliers and 

service companies. (Source: Trunkline)
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internet. Oil and gas companies attempt to fi nd suitable 

partners by using search engines and social networks, 

but there are problems with this approach as well. 

Search engines were not built specifi cally for the energy 

industry, and therefore the information that oil and gas 

professionals are looking for is often incomplete, out-

dated or altogether missing. Social networks present a 

similar problem for oil and gas companies because they 

were primarily built to connect individuals rather than 

businesses. Additionally, the vast amount of unrelated 

content on most social networks makes it cumbersome 

for oil and gas professionals to effectively navigate to 

the information they need.

Singular online platform
The Trunkline platform was created to provide a singular 

online destination for oil and gas companies to connect. 

The low-cost platform is a powerful industry-specifi c 

search engine that is married with a social network, 

available 24-7 and is as information-rich as possible. 

The Trunkline platform enables service companies 

and suppliers to quickly and easily create a business 

listing to showcase their companies to new operators. 

Vendors can differentiate themselves by posting photos, 

videos and documents. Also, Trunkline allows vendors 

to develop personalized archives of projects they have 

worked on as an additional technique for displaying 

their abilities. For potential customers 

to connect with them vendors can link 

to their website, contact information 

and social media accounts directly on 

their Trunkline profi le. Vendors can 

track visitors and moderate reviews on 

their listings. These and other tools 

included in the platform enable ven-

dors to promote themselves to a wider 

audience and improve their brand.

The platform is free for operators, 

who can search for and evaluate 

vendors based on built-in categories, 

geographic location, keywords and 

other parameters. Registered users 

can rate and review vendor listings 

and send direct messages to other 

users within the platform. Trunkline 

is desktop-friendly and mobile-friendly 

so that workers in the fi eld can use 

it just as easily as engineers in the 

offi ce. Operators achieve instant visi-

bility throughout the energy industry 

by using Trunkline, and the built-in 

review system helps identify which vendors are regarded 

the highest by other operators.

Promoting oil and gas vendors while making it more 

convenient for operators to accomplish their projects 

effi ciently is Trunkline’s primary objective. Trunkline 

believes internet technology and social networking 

will gradually become more powerful in the energy 

industry, especially as they relate to procurement and 

vendor relationships.

Joining an industry-specifi c online community pro-

duces benefi ts for both vendors and operators. High-

quality vendors can benefi t from increased visibility and 

new connections. Struggling vendors can benefi t from 

peer reviews, direct customer feedback and a greater 

awareness of industry trends. Operators can benefi t 

from a larger, more organized and more information-

rich collection of qualifi ed vendors.

The effects of social networking in every industry 

where it has been adopted are extremely positive, and 

there is no reason why the oil and gas industry cannot 

also share in those benefi ts. 

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.

Hiring qualifi ed vendors reduces project risk, delays and unnecessary expenses. 

(Source: Trunkline)
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First wireless transmission of reservoir  
pressure data to surface 
Expro has accomplished proven wireless transmission 

of reservoir pressure data to surface from a recently 

abandoned subsea appraisal well, which incorporated 

a rock-to-rock cement plug, a press release stated. The 

system was installed in the North Sea and will be used 

to improve understanding of the reservoir and to opti-

mize future development planning of the field while 

ensuring full compliance with local well abandonment 

regulations. This achievement provides operators with 

a more cost-effective option for well abandonment 

design and consideration of wider well barrier tech-

niques while maintaining the ability to monitor the 

reservoir or plug integrity. Expro’s cableless telemetry 

system (CaTS) wireless gauges, using electromagnetic 

technology, were installed in the reservoir of the main 

bore, and casings were cut below the sidetrack kickoff 

point to install the cap rock cement plug. CaTS repeat-

ers placed in the sidetrack enabled data transmission 

across the openhole section and to the seabed trans-

ceiver for storage and transmission to an overhead 

vessel. The system provided continuous reservoir data, 

which began immediately after the drillstem test, allow-

ing extended pressure buildup analysis without rig sup-

port. exprogroup.com

Choke allows more accurate control during 
high flow rates
National Oilwell Varco (NOV) has released its HXE-76 

choke as part of the MPowerD family of managed- 

pressure drilling (MPD) product and technologies. 

NOV provides choke control systems for both hydrau-

lically driven and high-speed electric actuators in sin-

gle- and dual-choke configurations. The HXE-76 choke 

characteristics are built into the control system for  

more accurate control when experiencing high flow 

rates, which yield higher equivalent circulating density 

(ECD) during drilling operations. Using this larger 

bore choke enables dynamic control of flow rate and 

ECD during MPD drilling scenarios. The HXE-76, avail-

able with trim sizes from 4 in. to 6 in., is designed to 

withstand 5,000 psi through the outlet bore into closed 

choke without the use of a shear pin or any other safety 

devices, and a unique body design allows the HXE-76 to 

be configured into many inlet and outlet arrangements 

by simply changing spools. In addition, the gate and 

seat are designed to direct high-velocity wear away from 

the positive sealing surface, which extends the life of the 

choke trim, and the operating stem features a built-in 

anti-rotation feature. nov.com

Rotating control device for 
safer containment of fluids
Halliburton has released its Marine Sen-

try 3000, a rotating control device that 

provides a pressure control solution by 

creating a seal around the drillstring and 

tool joints for safer containment of fluids 

during conventional or controlled-pres-

sure drilling operations, a press release 

stated. The device is mounted on a rig’s 

surface BOP and monitors key functions 

to help reduce cost and environmental 

impact while improving overall well 

safety in pressure-critical locations. 

Marine Sentry is equipped with remote 

latching for secure equipment function 

that eliminates manual operation and 

provides wireless monitoring of bearing 

rpm, pressure and temperature controls 

data. It also includes a visual workstation 

to display all critical information to help 

prevent accidental unlatch of the bearing 

system. Operators can deploy the device 

in a number of applications, including 

managed-pressure or underbalanced 

drilling, shallow gas, and abnormally 

pressured formations in extended-reach 

horizontal and ultradeep vertical wells.  

It is rated to 3,000 psi static pressure  

and 2,000 psi dynamic pressure to help 

provide increased reliability and tight 

control of drilling fluids to meet safety 

standards. halliburton.com

Dissolvable alloy built for HT environments
Dissolvable materials manufacturer Terves Inc. has 

released a high-temperature (HT) dissolvable alloy that is 

built for operating temperatures of up to 150 C (300 F), 

a press release stated. The TervAlloy-HT is geared toward 

Marine Sentry is 

equipped with 

remote latching 

for secure  

equipment  

function that 

eliminates  

manual  

operation. 

(Source: 

Halliburton)

HXE-G3 designs in any inlet/outlet configurations are available 

in either worm gear or double-acting piston operated designs. 

(Source: NOV)
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HT environments such as in the Gulf of Mexico and is 

available in various shapes in lengths of up to 48 in. “All 

the currently available dissolvable alloys see a 50% to 70% 

drop in mechanical properties at 300 F compared to their 

standard operating temperature of 100 F to 150 F [38 C 

to 65.5 C], whereas we have been able to engineer our 

TervAlloy-HT to offer properties similar to industry-lead-

ing TervAlloy TAx-100E Alloy at signifi cantly higher 

operating temperature,” Terves CEO Andrew Sherman 

said in the news release. “This is a signifi cant step toward 

interventionless tooling being used across any oil and gas 

operating environment, especially since oil and gas com-

pletion and production is witnessing higher operating 

temperatures every year.” tervesinc.com

Vessels tool aids in 
collision avoidance 
Ocean Signal has released 

the ATA100 Class A AIS 

Transponder, a combined 

SOLAS- and Inland-

approved tool capable 

of exchanging dynamic 

and static ship data with 

other automatic identi-

fi cation systems (AIS) to 

aid collision avoidance 

and improve safety for 

both commercial and 

recreational vessels, a 

press release stated. The 

ATA100 is the only Class 

A AIS transponder avail-

able rated to the IPX7 

waterproofi ng standard 

and features a 7-in. high-intensity full-color rapid-

response LCD to clearly display real-time marine traffi c 

information. The coastline map and radar views have 

various orientation display options, while a standard 

target list display can be customized according to prefer-

ence to provide immediate detailed information about 

nearby vessels. The AIS message-sending functionality 

ensures that safety-related messages can be quickly deliv-

ered or received by the user, while an instant message 

and alarm function provides immediate notifi cation of 

any potential problems or hazards. Occupying a min-

imal amount of bridge space, the ATA100 is supplied 

with a pilot plug and is suitable for either fl ush-panel or 

free-standing mounting for easy installation into almost 

any position or location. oceansignal.com

Ultrahigh-resolution scanning at depth
Newton Labs has released its new M500UW ultrahigh 

resolution scanner, which duplicates the high-resolution 

scanning of the M210UW but at depths of up to 500 m 

(1,640 ft) and adds to Newton’s line of subsea scanners, 

a press release stated. This high-resolution underwater 

laser scanner is specifi cally designed for capturing ultra-

high-resolution metrology data and can be deployed 

on ROV and AUV submersibles. It also can be cable-

serviced for depths of up to 100 m (328 ft). newtonlabs.com

New tool for enhanced offshore inspection
AISUS has released an improved internal gravity-

deployed ultrasonic scanning tool, SIRIUS-X, for com-

pleting ultrasonic corrosion mapping within offshore 

caissons, risers and conductors, a press release stated. 

Following successful fi eld trials, the company recently 

completed its fi rst caisson inspection program for a 

major U.K. oil and gas operator. The projects were com-

pleted in 14 days and included internal inspection of the 

largest diameter caisson AISUS has delivered to date. 

The SIRIUS-X is controlled from the topside, allowing 

inspection data to be captured above, within and below 

a variety of obstacles and diameter variations commonly 

encountered within caissons without removing the tool. 

The tool has been developed to maximize data accuracy 

and minimize the duration of inspections to meet the 

increasing demands of the offshore industry. Featuring 

a high-torque rotary drive and a scanning speed of up 

to 5 m (16.4 ft) per hour, its small cross-sectional foot-

print with minimal hydrodynamic drag also allows it 

to perform during elevated sea states. The SIRIUS-X’s 

simplifi ed and lightweight design means it can be easily 

confi gured and adapted infi eld where required, further 

limiting the duration of offshore inspections and reduc-

Terves Inc. has released an HT dissolvable alloy that is built for 

operating temperatures of up to 150 C. (Source: Terves)

The Ocean Signal ATA100 

Class A AIS Transponder is 

a waterproof single unit with 

large full-color display, 

integrated Wi-Fi and versatile 

mounting options and is a 

fully compliant solution for 

commercial vessels. 

(Source: Ocean Signal)
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ing costs. It can be deployed to depths of up to 200 m 
(656 ft) and adjusted for a range of caisson sizes, from 
14 in. to 60 in., at the touch of a button. aisus.co.uk

New option for geoscience data owners  
seeking data management support
Katalyst Data Management has launched its seismic 
and well data management consulting service to sup-
port the oil and gas industry in Calgary, a press release 
stated. Katalyst has identified a need arising from the 
current market environment for reliable, professional 
and vetted data management services to improve a 
client’s data access, speed and accuracy; ensure compli-
ance; and minimize corporate risk. The company  
now has the capability to deploy onsite consultants to 
help E&P companies manage their volumes of sub- 
surface data acquired for oil and gas exploration. “We 
have noticed a trend over the past two years that actual 
technical abilities in the industry have declined due to 
rapid job reductions in the geoscience community,” 
said Neil Baker, vice president of North America for 
Katalyst. “With this in mind, we now offer these services 
to help fill the knowledge gap.” Katalyst’s consulting 
services will include project management and data 
loading, navigational support, metadata management, 
ownership, corporate governance, assistance with the 
divestiture process and data management best prac-
tices. katalystdm.com

Subsea rehabilitation system extends life  
of pipelines
APS’ InField Liner (IFL) matrix consists of a Solef poly-
vinylidene fluoride inner layer, a Kevlar core and a 
thermoplastic polyurethane outer layer and is resistant 
to a wide range of aggressive hydrocarbon mixtures 
(gas, crude and multiphase) with temperatures up to 
110 C (230 F). The liner can be pulled into existing 
subsea pipelines over lengths of several kilometers in 
one single pulling operation, arresting corrosion and 
substantially increasing the service life of the pipeline. 
This technology is the world’s first fullbore internal sub-
sea pipeline rehabilitation system, enabling a life exten-
sion of existing pipelines of more than 30 years. After a 
three-year technology development period from 2011-
2013, 10 subsea pipelines running from platform to 
platform have so far been rehabilitated using the IFL 
technology, reportedly saving PETRONAS more than 
$100 million. aps-corporate.com  

Please submit your company’s updates related to new  

technology products and services to Ariana Benavidez at  

abenavidez@hartenergy.com.

The SIRIUS-X is shown performing a caisson inspection.  

(Source: AISUS)

The IFL technology was recently installed offshore Malaysia. 

(Source: APS)
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1 Mexico

A new onshore Mexico field dis-

covery in the state of Veracruz was 

reported by Pemex. The estimate of 

the field in Veracruz Basin at #1-Ixa-

chi is 350 MMboe, and it increases 

the field’s in-place volume to 1.5 

Bboe. According to the company, 

the results are similar to a previous 

discovery at #1-Zama. Based on pre-

liminary studies by Pemex, it is con-

sidered that this reservoir could be 

extended farther and possibly dou-

ble its initial estimated size. 

2 US

Talos Energy LLC announced details 

from a second well drilled on the 

company’s Green Canyon Block 

281 project. The #2SS (ST) OCS 

G33242 hit 90.5 m (297 ft) of net 

oil pay across two Upper Miocene 

sands. A sidetrack was drilled to an 

estimated depth of 6,433 m (21,107 

ft) with a true vertical depth of 6,418 

m (21,057 ft). Water depth in the 

area is 838 m (2,750 ft). Block 281 

is the company’s Tornado develop-

ment. The first well on the project, 

#1SS (ST) OCS G33242, was drilled 

to 6,326 m (20,755 ft) in 2016 with

production from an Upper Miocene 

zone at 6,099 m to 6,148 m (20,010 

ft to 20,170 ft). 

3 Colombia

GeoPark announced test results from 

appraisal well #3 Tigana Norte in the 

Tigana oil field in Colombia’s Lla-

nos 34 Block. The well was drilled

to 3,460 m (11,352 ft) and had oil 

shows in Guadalupe and Mirador. A 

production test conducted with an 

electric submersible pump in Gua-

dalupe flowed about 970 bbl/d of 

15-degree-gravity oil with less than 

0.25% water cut. It was tested on a 

32/64-in. choke with a wellhead pres-

sure of 129 psi. Additional production 

history is required to determine sta-

bilized flow rates of the well. The #3 

Tigana Norte is about 690 m (2,264 

ft) west of the recently completed 

#2 Tigana Norte that produced 2.6 

Mbbl of oil with less than 0.5% water 

cut. The appraisal test broadens the 

Tigana/Jacana oil field play toward 

the northeastern limits of the Lla-

nos 34 Block. GeoPark is drilling #4 

Tigana Norte to further delineate the 

northeastern boundaries.

4 Uruguay

Petrel Energy announced the first 

hydrocarbon discovery in Uruguay. 

According to the company, #1-Cerro 

Padilla was drilled to 845 m (2,772 

ft) and hit 2 m (6.5 ft) of oil in a sat-

urated sand zone at 793 m (2,602 ft). 

The venture is the first of a four-well 

program in the Norte Basin. Petrel’s 

program will target multiple zones of 

both oil and gas. Additional testing at 

the new producer is planned. Oper-

ator Petrel owns a 51% stake in the 

discovery along with partner Schuep-

bach, which holds 49%. 

5 Morocco

A gas discovery was reported onshore 

Morocco’s Sebou permit area in the 

Tanja-Titwan-Elhusima Peninsula. 

SDX Energy’s #15-Ksiri West KSR 

is the second of a nine-well drilling 

program at its Rharb concession. 

The well was drilled to 1,774 m 

(5,820 ft) and encountered a 17.2-m 

(56.4-ft) net conventional gas reser-

voir section across four intervals. The 

primary target was Hoot Sand, and it 

had an average porosity of 29%. The 

company also announced that the 

previously completed #14-KSR well 

was connected to infrastructure and 

will be tested. SDX is the operator 

of the Sebou Concession with 75% 

interest in partnership, with the 

Moroccan national company Office 

National des Hydrocarbures et des 

Mines holding the remaining 25%.

6 Nigeria

Eland Oil & Gas has completed side-

track drilling at #7-Opuama in off-

shore Nigeria’s Block OML40. The 

venture hit 23 m (77 ft) net of pay in 

D1000 and D2000 sands. More than 

18 m (60 ft) of the D2000 sands have 

been perforated, and the well is being 

completed. The gross production 

flow rates are expected to be about 5.9 

Mbbl/d of oil. Infill drilling is planned 

in Opuama Field, including drilling 

a new exploratory at #8-Opuama in 

Block OML40 that will be targeting 

the D4000 and D5000 reservoirs at 

about 2,438 m (8,000 ft). It is expected 

to produce at an initial gross daily rate 

of between 5 Mbbl and 7 Mbbl of oil. 

Nigerian Petroleum Development Co. 

Ltd. is the operator of Block OML40 

and the Opuama Field with 55% inter-

est in partnership with Elcrest Explora-

tion & Production.

7 Norway

Lundin Petroleum AB received a 

drilling permit for appraisal well 

#7219/12-2 A in offshore Norway 

production license (PL) 533. The 

venture will be drilled about 20 km 

(12.4 miles) west of the discovery 

well #7220/11-1 (Alta) in PL 609. 

The area in the license consists of 

blocks 7219/12 and 7220/10. Lun-

din is the operator with an owner-

ship interest of 35% along with Aker 

BP (35%) and DEA Norge (30%).

8 Cyprus

Eni and Total plan to start drilling in 

a joint exploration block off the coast 

of Cyprus. The first ventures will be 

drilled in Block 6 in early 2018. Test-

ing in nearby Block 11 confirmed 
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the presence of hydrocarbons in an 

extension of the Zohr Field in Egypt. 

Eni was awarded the right in 2016 to 

be operator of Block 6 with a 50% 

stake in partnership with Total.

9 Kenya

Operator Tullow Oil Plc announced 

updates from its Ngamia, Amosing 

and Etom appraisal drilling program 

in Kenya’s Block 10BB. The #10 

Ngamia encountered 65 m (213 ft) 

of net oil pay in the Ngamia prospect. 

The #11-Ngamia hit 143 m (469 ft) 

of net oil pay and will be utilized 

in a waterfl ood pilot test planned 

for 2018. In the Amosing prospect 

#6-Amosing hit 35 m (115 ft) of net 

oil and gas pay, and #7-Amosing hit 

25 m (82 ft) of net oil and gas pay. 

An extensive wireline evaluation 

program including sampling was 

performed on all appraisal wells. 

According to the company, the pres-

ence of rift-edge facies has limited net 

pay. In the Etom prospect in Block 

13T #2-Etom fl owed 752 bbl/d of 

oil from Auwerwer and 580 bbl/d of 

oil from Lokong. Tullow owns 50%, 

Africa Oil owns 25% and Maersk Oil 

& Gas owns the remaining 25%.

10 India

Cairn Energy Plc announced plans to 

drill about 500 new exploration wells 

in India’s Barmer Basin in Rajasthan. 

Seismic surveys have been completed 

between Gudamalani and Shiv Tehsil, 

and this area will see the initial wells 

drilled. The company said the wells are 

to be drilled to sustain and augment 

oil production in Rajasthan. Accord-

ing to the company, it is producing 

200 Mbbl/d of oil from the basin. The 

additional production will increase the 

output to about 300 Mbbl/d. Cairn 

owns 70% interest in partnership with 

Oil and Natural Gas Corp. (30%).

11 Thailand

Kris Energy Ltd. will begin explo-

ration drilling at exploration well 

#1-East Matura in contract area 

G10/48 in the Gulf of Thailand. 

The well is the first of an eight-well 

program, including an optional 

well in the existing Wassana oil 

field and one optional exploration 

well in the Wassana satellite devel-

opment area north of the Wassana 

production area. The contract area 

covers 1,677 sq km (647 sq miles) 

in the Southern Pattani Basin, 

where water depth is about 60 m 

(197 ft). The concession contains 

the Niramai, Mayura and Rayrai 

oil discoveries. 
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PEOPLE

Industry veteran David Pridden, 66, 
passed away in November 2017. Over 
the years he worked for BP, Kongs-
berg Subsea Developments, Mentor 
Engineering Consultants, UMITEK 
and Renews Ltd. In 2004 he became 
the inaugural CEO of Subsea UK. 

Carlos Trevino was appointed direc-
tor-general of PEMEX by Mexico 
President Enrique Peña Nieto.

Decom North Sea selected 
Dr. Tom Leeson as 
interim CEO. 

Roan Resources LLC named Tony 

Maranto president, CEO and a 
member of the company’s board 
of directors.

Cenovus Energy Inc. selected Alex 

Pourbaix as president, CEO and a 
member of the board of directors.

QTerminal’s board of 
directors appointed Nev-

ille Bissett CEO. 

After the recent acquisition of  
Rockwater Energy Solutions Inc.  
by Select Energy Services Inc., Holli 

Ladhani, the former chairman, 
CEO and president of Rockwater, 
is now the CEO and president of 
the combined company, and John 

Schmitz, previously the chairman 
and CEO of Select, is now the full-
time executive chairman.

Range Resources Corp.’s CFO 
Roger S. Manny plans to retire 
on May 16 after the company’s 
2018 annual stockholder meeting.

Marie-Noëlle Semeria has 
been appointed senior 
vice president, group 
CTO at Total. 

Unit Corp. named Les Austin 
senior vice president and CFO.

Aquaterra Energy 
appointed Nick Hawkes 
financial director. 

Woodbridge International wel-
comed Greg Michaels as vice presi-
dent of business development.

Quorum has hired or promoted 
four new executives to its leader-
ship team: Kip Amedeo as vice- 
president of sales and business 
development, M. Sean FitzGerald 
as vice president of engineering, 
Charles Jeffery as a vice president 
of the WellEz Division at Quorum 
and Dan Wallin as vice president 
of products.

Upstream Exploration LLC selected 
Chris Lipari as land manager.

Sulzer appointed Janice Fillinger 
sales manager for high-voltage 
coils covering the U.S. market.

Bravo Target Safety selected 
Michael Coutu as regional man-
ager and announced that it will 
soon open a new facility in Fort 
McMurray in Alberta, Canada.

Asset Guardian Solutions 
Ltd. named Blaire McLeod 
technical consultant.

MPLX LP appointed C. Kristo-

pher Hagedorn vice president 
and controller of the general 
partner of MPLX.

Ocean Signal named Kris 

Nieuwenhuis global com-
mercial sales manager. 

Tim Helsdon joined  
the International 
Marine Contractors 

Association team as a technical 
adviser of diving.

Marathon Petroleum Corp. 
announced the retirement  
of Rodney P. Nichols, execu-
tive vice president of human 
resources, health and adminis-
trative services.

Newpark Resources Inc. named 
John C. Mingé a new member to 
its board of directors.

EQT Corp.’s board of directors 
selected Thomas F. Karam  
and Norman J. Szydlowski as 
new directors on the board, 
expanding EQT’s board size to 
15 directors.

EXCO Resources Inc. announced 
the resignation of C. John Wilder 
from the company’s board of 
directors and as executive chair-
man of the board. 

Fiona Bennett retired as a direc-
tor of Beach Energy Ltd.’s board 
of directors.

KrisEnergy Ltd.’s board of directors 
appointed CEO Kelvin Tang exec-
utive director and CFO and Kiran 
Raj alternate executive director.

Eco (Atlantic) Oil & Gas Ltd. 
appointed Keith Hill a nonexecu-
tive director of the company.

Peter Stern resigned as a director of 
Entek Energy Ltd. due to the pres-
sures of other work commitments.

Tap Oil Ltd. has removed 
Messrs James Menzies, Peter 

Mansell and Tom Soulsby as 
directors of the company and 
has appointed Chris Newton a 
nd Govert van Ek as directors of 
the company.
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Milestone Environmental Services has 

opened a new oilfield waste disposal 

facility south of Midland, Texas.

Halliburton worked with the Akwa Ibom 

State Government to inaugurate and 

open Nigeria’s first oil and gas training 

center fully equipped with oilfield oper-

ations tools. The Akwa Ibom Oil and 

Gas Training and Research Center will 

provide courses in field development, 

drilling and completions engineering, 

well intervention solutions, and digital 

technologies to local energy employees 

and students. Halliburton Landmark 

will provide the training curriculum, 

instructors, software, workstations and 

tools to be used in the classroom. The 

Akwa Ibom State Government provided 

the facility infrastructure.

Texas Engineering Executive Educa-

tion, a division of the Cockrell School 

of Engineering at The University of 

Texas at Austin, will serve as the new 

home for the Petroleum Extension 

program, a workforce education and 

training organization for the oil and 

gas industry. 

EQT Corp. completed its acquisition 

of Rice Energy Inc. in November.

EagleRidge Energy completed its 

purchase of Trinity River Energy 

LLC’s Barnett Shale assets in June. 

EagleRidge will operate the assets, 

establishing itself as one of the top 

producers in the Barnett Shale.

C&J Energy Services Inc. acquired 

O-Tex Holdings Inc., a provider of 

oilfield cementing services.

Acteon has enhanced its mooring 

capabilities by completing the  

purchase of the Viking Seatech 

Group in December. 
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last
WORD

Barry Zhang, Quantico Energy Solutions

L
ower for longer has become the prevailing mind-set 

among the executive corridors of the industry. In 

an environment where the light of dawn is not visible 

yet, both survival mode and delivering outperformance 

mean that a new set of tactics needs to evolve from the 

wounds that were created over the past three years. 

During the downturn operators renegotiated their 

contracts with service companies, streamlined internal 

efficiencies and leveraged technologies with which they 

were familiar. The returns from these strategies are 

starting to plateau. In a lower-for-longer environment, 

how can operators be profitable and drive outsized 

shareholder value?

For example, development of core 

acreage in the major shale basins 

has matured, and the need going 

forward will be to develop Tier 2 

and Tier 3 acreage as cost-effectively 

as possible. These reservoirs are 

more difficult to produce, and lift-

ing costs are more expensive. Thus, 

asset teams need to sharpen their 

pencils when it comes to delineating 

the reservoir, finding sweet spots, 

shortening drilling time and identifying optimal well 

spacing and completion parameters. 

However, corporate mandates to cut costs run counter 

to collecting the subsurface measurements and perform-

ing the geoscience interpretation that is required. It is 

exactly the wrong time to make do with less. 

Artificial intelligence (AI) is considered an essential 

technology to drive the new economy. For oil and gas 

companies that need to do more with less, AI is an 

important tool that should be in every operator’s arse-

nal. The right approach with AI is to adopt a barbell 

strategy of short-term cost savings combined with long-

term moonshots. Initial implementation should have 

substantial, measurable cost savings delivered within 

one to three months. This is important not only to sat-

isfy budgets, but it compels data science teams to look 

under a few more rocks than they normally would have 

to find the right use cases that can help the asset teams. 

Moreover, if the short-term implementation has mea-

surable cost savings, then the asset teams, data science 

groups and service providers develop the needed team 

chemistry—and a better understanding of corporate 

priorities—to pursue long-term moonshot projects that 

can deliver shareholder returns in big chunks. 

Data are key 
One of the hidden obstacles in using AI is that its imple-

mentation requires a significant amount of training data 

to calibrate models to local parameters. In many cases, 

operators do not have the “Big” in Big Data to leverage 

AI technologies in any meaningful way. However, this 

field data can be found from consortia that pool data 

among operators as well as service companies, which 

can bring a rich database to the table. 

Partnering with a service provider that 

brings its own database means the 

operator doesn’t have to worry about 

providing data it might not have nor a 

budget to obtain them.

The leading AI companies don’t 

just aggregate data from multiple 

operators across various basins. They 

can use well data from one basin and 

project those AI models into entirely 

different basins or frontier acreage. 

They can squeeze more insight out of the data, whether 

it is about extracting sonic velocity from drilling data 

or upscaling seismic to near-log scale resolution. These 

technologies reduce overall data acquisition expendi-

tures while advancing the operations of drilling faster, 

completing more efficiently and increasing production. 

Faster ROP across the rig fleet and lower logging 

costs are both measurable. One interesting example of 

a high-value opportunity is that one major has qualified 

an AI-based service to obtain sonic logs in deep water 

without running the traditional LWD tools. Using the 

technology for discrete and measurable use cases can 

help a company reduce expenditures, which more than 

pays for future impactful but longer term projects like 

optimal well spacing and reservoir delineation. Taken 

together, this barbell strategy is key to leveraging AI 

successfully so that companies can survive an extended 

downturn and outperform operationally. 

AI for short-term and long-term savings
AI is an important tool that should be in every operator’s arsenal.

It is exactly the  
wrong time to  

make do with less.

https://www.epmag.com/


AD

http://www.enventuregt.com/eseal


http://ncsmultistage.com
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