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Hart Energy’s Unconventional Activity Tracker     
By Richard Mason, Chief Technical Director 

Hart Energy’s exclusive rig counts measure drilling intensity. They are designed 

to offer the most accurate picture of what is actually occurring in the field.

DOE continues pursuit of industry partners   
By Terrance Harris, Associate Editor, Digital News Group  

Deputy Assistant Secretary Shawn Bennett said the federal agency will be 

strategic as it continues to aggressively pursue partnerships with oil and gas 

leaders to improve technology in the industry.

Depleting the OFS sector   
By Steve Toon, Editor-in-Chief, Oil and Gas Investor
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By Joseph Markman, Senior Editor, Digital News Group 

The industry has learned the lessons of the past and is much better pre-

pared to handle the current frac sand surplus, according to a DUG Sand 

conference panelist.

Private E&P CEOs give insight on Permian Basin                   
By Velda Addison, Senior Editor, Digital News Group  

Admiral Permian Resources and Discovery Natural Resources talk about 

production and adding value in the Permian Basin as they move toward 

full field development mode.

Q OTC 2019: Mastrangelo’s pioneering work on FPSO design  

Carlos Mastangelo was awarded the Distinguished Achievement 
Award for Individuals at the Offshore Technology Conference (OTC). 
He is lauded for his pioneering efforts in the worldwide design and 
adoption of cost-efficient FPSO units.

Q NOV CEO: from first days to current technology shakeups     

In part one of this video series, National Oilwell Varco (NOV) CEO 
Clay Williams discusses the current industry market and the advent 
of unconventional shale technologies.

Q Geopolitical issues effect on Permian producers        

Tom Petrie analyzes where the basin fits in the “new world order.”

Q Noble Royalties CEO on Permian Basin risk, rewards            

After more than 20 years of buying and selling minerals in the oil 
and gas business, Noble Royalties CEO Scott Noble shares the keys 
to gauging risks.
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Surviving the new oil  
price reality   
Five years after the downturn in oil prices, new strategies 

emerged that enabled the oil and gas industry to succeed 

amid investor uncertainty. 

There’s been no shortage of opinions and prognostications offered over 
the past five years on the impact of the price downturn on the oil and gas 

industry. But at the heart of every opinion is a kernel of truth. Experts at 
Deloitte set about collecting those kernels in “an effort to gain a deeper and 
broader understanding of the industry,” according to its report, “Decoding 
the O&G Downturn.”

Producers and oilfield service providers were forced to rethink their strate-
gies in a new oil price reality to survive the downturn. But did those new strat-
egies deliver returns for investors? Was there a migration in value between the 
different oil and gas segments? 

Questions like these and more were pondered by the report’s authors in 
an in-depth analysis of more than 840 oil and gas (O&G) companies in the 
upstream, midstream and downstream sectors worldwide. Their findings 
revealed some interesting truths. The strategies were effective but opened the 
door to more challenges. 

“The O&G industry’s long march to recovery has created a big imbalance 
across the O&G ecosystem, and performance gains of companies continue to 
be discounted by investors,” the report’s authors said. “Today’s investors in 
O&G aren’t buying into the industry just to play price and margin cycles in 
pure-play businesses or to park money in the safety of integrated structures, 
and rightfully so.” 

Much has been made of late as to how Wall Street has been less than friendly 
to the industry in recent years despite it having paid significant returns. Between 
2014 and 2018, the O&G industry paid out $720 billion in dividends, the second 
highest after the financial services industry, according to the report, adding that 
more free cash was generated by the industry in 2018 than in 2013.

“Current stock prices of 30% of pure-play E&Ps and integrated companies 
worldwide with a combined market capitalization of more than $550 billion are 
still trading below their early 2016 levels, when oil hit a historic low of $26/bbl,” 
said the report’s authors. “Only a handful of upstream companies have been 
able to attain a balance: growth without impacting leverage, payouts and free 
cash flows. But of those who have, the majority of them (85%) have significantly 
outperformed. High payouts aren’t enough to win back investors’ interest.” 

While much work remains to win back investors, the O&G 
industry has demonstrated before that it has the patience 
and persistence needed to survive in the long term. 

http://HartEnergy.com
mailto:jpresley@hartenergy.com
http://HartEnergy.comEPmag.com
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Deirdre Michie, Oil & Gas UK, and  

Ray Riddoch, CNOOC International 

F ive years on from the downturn, which saw nearly 
half a million oil and gas jobs lost worldwide, the 

digital transformation, a rapidly changing political and 
economic landscape, and the energy transition are 
transforming the roles and skills needed in the sector.

While some companies continue to experience 
pressures, others are now bolstering their employee 
numbers. This move from redundancy to recruitment 
is buoyed by increasing investment, reduced costs and 
improved efficiencies finally taking hold. For example, 
the west of Shetland area has seen the greatest offshore 
development activity since 2014, and staff numbers have 
more than doubled in that period. As activity picks up 
and the industry’s galvanized response to a “lower for 
life” ethos bears fruit, job numbers across the sector 
could rise for the first time in four years.

Back to work
This growing optimism is being reinforced by higher 
levels of investment, which has seen the recent approval 
of several new developments such as Shell’s Penguins 
and Hurricane Energy’s Lancaster projects. Likewise, 
Premier Oil’s Sea Lion development and Equinor’s 
Rosebank, which was recently acquired from Chevron, 
is at the planning stage. More spending also is predicted 
to be pumped into extending field life for existing plat-
forms and floaters offshore.

It is hoped that anticipated new greenfield projects 
could unlock about $4.35 billion of new investment 
over time, providing a much-needed boost throughout 
the supply chain.

There is also a raft of mergers and acquisitions activ-
ity on the U.K. Continental Shelf (UKCS), which is 
anticipated to stimulate fresh investment in brownfield 
projects as new owners look to increase and extend pro-
duction from their North Sea assets. Examples include 

Chrysaor’s $3 billion asset 
package acquisition from 
Shell, EnQuest’s deal to 
increase equity and become 
operator of the Magnus 
Field and associated infra-
structure, and Total’s pur-
chase of Maersk Oil.

This is good news for the 
U.K. supply chain, where 
every $1 million spent by the 
industry on capital projects 
typically provides employ-
ment for 12 people across 
the supply chain (indirect 
jobs) and another eight 
(induced jobs) within the 
wider economy.

Vision 2035 is the indus-
try’s shared ambition for 
the future and is being 
coordinated by Oil & Gas 
UK. The Vision 2035 Task 
Group of industry leaders 

Revitalizing recruitment, retention  
and reputation     
The industry is under the microscope as it cautiously prepares for an upturn.

As the industry embraces digitalization and the energy transition, about 10,000 recruits are expected to be 

for roles that do not yet exist. (Source: CNOOC International)

http://HartEnergy.com
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also will develop a strategic road map to encourage 
transparency as to the way forward. Essentially, Vision 
2035 aims to add a generation of productive life to the 
basin while also looking to provide more support to 
the supply chain to extend its global market share.

The recent OPITO UKCS Workforce 
Dynamics Review showed that if the 
sector achieves the ambitions set out in 
Vision 2035, 40,000 people will need to 
be recruited over the next two decades. 
As the industry embraces digitalization 
and the energy transition, about 10,000 
of those are expected to be in roles that 
don’t even exist yet.

To put this in context and demon-
strate the advance of the digital era, 30 
years ago there were no desktop PCs 
or laptops in any oil and gas company. 
All written engineering job packs, 
for example, were prepared by an 
in-house word processing pool. Now, 
looking to the future, the advance of 
data science, artificial intelligence and 
machine learning requires totally new 
skills and mindset to drive forward a 
more dynamic destiny for the industry.

Stability and sustainability
Latest estimates show that the U.K. oil 
and gas sector supports about 283,000 
jobs through direct employment, indirect 
employment and jobs that are induced 
by its wider economic contribution.

By 2035 the UKCS should still be 
producing 1 MMboe and, therefore, be 
a robust and resilient sector supporting 
jobs and careers, security of energy 
supply as well as advancing innovation.

For instance, the U.K. government 
figures estimate that in the 2030s and 
beyond, oil and gas will still support 
two-thirds of the country’s energy 
demand. Fossil fuels will continue to 
have a positive role to play in the wider 
energy mix as the transition moves the 
U.K. to a lower carbon economy.

While a return to hiring is a welcome 
sign of industry confidence, there will 
be clear challenges associated with 
growing headcount after a period of 
significant cuts and stagnant growth.

Identity overhaul
Shifting societal expectations will influence how the 
industry moves forward and its attractiveness to current 
and future generations. From its approach to diver-
sity and inclusion as well as to new technological and 

http://HartEnergy.com
http://www.uscortec.com
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behavioral ways of working, the industry is under the 
microscope as it cautiously prepares for an upturn.

According to a report from EY, the oil and gas 
industry has a negative perception among young 
people. It found that those questioned were dis-
incentivized to pursue careers in the sector over 
concerns about the longevity of the industry and a 
perceived notion that the sector is “harmful” to soci-
ety. According to the survey, 62% of those questioned 
from Generation Z (ages 16-19) fi nd the prospect of 
a career in oil and gas “unappealing,” while 44% of 
millennials (ages 20-35) said careers in the industry 
do not appeal to them.

In areas such as cybersecurity, automation and data 
science, the industry faces a recruitment battle with 
other more attractive sectors, such as the automotive 
and aerospace arenas. Many engineers are also drawn 
to greener energy industries. Therefore, there is a need 
for leaders to focus and promote how the industry eco-
nomically, environmentally and safely tackles the tech-
nology challenges presented to meet energy demand.

For the fi rst time at SPE Offshore Europe 2019, the 
keynote program session “Securing Generation 2035” 
will offer delegates insight into how to grasp the nettle 
of these issues and openly discuss ways to transform the 
industry’s image to make the most of the talent pool 

available. Graduates and 
apprentices will share their 
experiences with academics, 
leaders and innovators. 

The advance of technology 
and innovation continues 
to be a priority area for the 
oil and gas industry and will 
inevitably result in changes 
to the workforce. For exam-
ple, increased digitalization 
may create remote working 
opportunities. As such, it 
will be vital for the industry 
to understand the existing 
and future workforce and 
to proactively develop the 
skills required to harness the 
opportunities afforded by 
these new innovations.

A compelling 
career choice
The oil and gas industry is 
changing and becoming more 

dynamic. To retain and recruit the workforce of the 
future, diversity and inclusion will play a crucial role in 
helping reposition the sector as an appealing and com-
pelling career choice. This applies to championing talent 
across all levels within oil and gas businesses as well as 
those looking outside when considering employment.

As a whole, the industry must take pride in and 
strengthen its new, more cost-effective and environ-
mentally sensitive ways of working and the collaborative 
approaches that are being forged across the industry. 
This can challenge the boom and bust approach of the 
industry and overturn other negative and potentially 
damaging perceptions.

However, vigilance and resilience should be the cor-
nerstones of activity moving forward, and the industry 
must continue to hold its nerve and continue to focus on 
effi ciency improvements, cost management and better 
business practices that have been put in place to enable a 
more sustainable industry where people can thrive. 

References available. 

Have a story idea for Industry Pulse? This feature looks at 

big-picture trends that are likely to affect the upstream oil 

and gas industry. Submit story ideas to Group Managing 

Editor Jo Ann Davy at jdavy@hartenergy.com.

Deirdre Michie is CEO of Oil & Gas UK and chair of the “Securing Generation 2035” keynote program 

session scheduled at SPE Offshore Europe 2019. (Source: Oil & Gas UK)

http://HartEnergy.com
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Faiza Rizvi, Associate Editor

During the 2017 Super Bowl, the American Petro-
leum Institute (API) launched an ad to woo the 

millennials—who constitute the largest part of the 
U.S. workforce—to work for the energy industry.

“This ain’t your daddy’s oil,” said the ad, 
through which the API wanted to educate viewers 
that oil and gas isn’t just about the fuel that is 
pumped out at gas stations, but is used to make a 
variety of products such as cars, paint, life-saving 
medical devices and makeup. This was one of 
several attempts by the energy industry to attract 
the future workforce, which views the industry’s 
careers as “unstable, blue-collar, diffi cult, danger-

ous and harmful to society,” according to a survey 
by EY.

To understand the perception of the future work-
force toward the oil and gas industry, Abu Dhabi 
National Oil Co. (ADNOC) commissioned a survey 
called “Oil and Gas 4.0: Attracting the Workforce of 
the Future,” which polled 3,000 students and young 
professionals across 10 countries representing a 
mix of major global economies. The survey was con-
ducted to examine future workforce and employ-
ment trends in the oil and gas industry in line with 
ADNOC’s “Oil and Gas 4.0” mission, which aims to 
provide energy needs for the fourth industrial revo-
lution by embracing digital transformation and opti-
mizing resources, including its workforce.

According to the study, only 44% of STEM millen-
nials and Generation Z (Gen Z) are inter-
ested in pursuing a career in oil and gas, 
which is sparse compared to the 77% inter-
ested in working in technology-driven sec-
tors. Other leading industries competing to 
attract the future workforce are life sciences, 
opted by 58%, closely followed by health 
care, which was picked as a future career by 
57% of survey participants (Figure 1).

“The STEM millennial and Gen Z talent 
of today will be the leaders of tomorrow—
and we need those leaders to be the best,” 
said Sultan Al Jaber, ADNOC CEO and Min-
ister of State in a press release. “There is 
much we must do to broadcast the exciting 
changes taking place in our industry and to 
demonstrate to the science and technology 
graduates and young professionals that the 
oil and gas industry is an industry of the 
future that offers truly rewarding careers.”

Perception gap
According to the survey, one of the major 
reasons for disinterest in the oil and gas 
industry among future employees is their 
perception that the sector is not technol-
ogy-driven. Although students and young 
professionals are drawn toward sectors in 

Attracting the future workforce 
ADNOC survey fi ndings reveal that the oil and gas industry faces stiff competition in 

attracting young talent.

FIGURE 1. An ADNOC survey reveals that the oil and gas industry is struggling to 

attract the future workforce. (Source: ADNOC)

77%
Technology

58%
Life sciences / 

Pharmaceuticals

57%
Health care

44%
Oil and Gas

INTEREST IN PURSUING A CAREER BY INDUSTRY

FIGURE 2. There is a gap between what young talent perceives as key skills 

for the future compared to skills needed for a career in the oil and gas industry. 

(Source: ADNOC)
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which technology plays an important role, they don’t 
favor a career path in the oil and gas sector.

The survey fi ndings also show a mismatch between 
their perception of the most important key skills needed 
for the future compared to those needed for a career in 
the oil and gas industry. While 72% of 
the future workforce believes that new 
technologies can empower the energy 
industry, they don’t perceive technical 
and creative skills as job requirements 
for this sector. As opposed to the 37% 
of students and young professionals 
who see IT and computer knowledge 
as fundamental skills for the future, 
only 18% view them as requirements 
for the oil and gas industry (Figure 2).

“For millennials and Gen Z, the oil 
and gas sector is only about rig produc-
ing oil,” said Tasnim Al Mzaini, head 
of integrated production planning of 
digital unit at ADNOC. “It’s extremely 
important to address the perception 
gap because the more STEM millen-
nials and Gen Zs associate the energy 
industry with new technologies, the 
more interested they will be in pursu-
ing a career in this fi eld. For instance, 
even though programming language 
is a unique skill set used in our indus-
try that allows us to optimize cost and 
generate higher revenues, the survey 
shows only 11% of the future work-
force perceives its importance as a skill 
needed in the industry.”

Positive associations
Young STEM talent expressed their 
opinions on the biggest attractions 
of working in the energy industry. 
More than half of the future work-
force believes that a high salary is the 
biggest perk of working in the oil and 
gas industry, while 38% felt that the 
industry is crucial to the development 
of national economies. However, only 
26% cited technology as a favorable 
attraction to working in the industry. 

The future workforce also seems 
divided on whether oil and gas is an 
industry of the past or the future. 
While 45% called it an industry of the 

future, 44% called it an industry of the past. The “indus-
try of the past” perception is driven largely by a per-
ceived shift to renewable energy. As one STEM student 
said, “Oil and gas are not renewable, so the reserves will 
run out sooner or later. I’d prefer to invest in greener 

http://HartEnergy.com
http://www.sick.com
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energies.” Those who called it the “industry of the 
future” cited the oil and gas industry’s economic 
importance and its use of technology as the top rea-
sons why the industry’s best days are still ahead.

 “Oil and gas has always been and will continue to 
be an industry of the future that is at the forefront 
of technology and innovation,” Al Jaber said. “It is 
an exciting time for STEM talent to join the indus-
try, particularly as we embrace new technologies and 
partnerships for digital and technological transfor-
mation across our operations.”

The ADNOC-commissioned survey also reveals 
that the interest in the oil and gas industry varies sig-

nifi cantly by geography and is higher in 
emerging and hydrocarbon-focused econ-
omies. Of those who expressed interest in 
working for this sector, 79% belonged to 
oil-rich Saudi Arabia, which ranks high-
est among the countries included in the 
survey. The future workforce of hydrocar-
bon-focused and emerging economies, 
such as China, India, United Arab Emir-
ates (UAE) and Russia, expressed higher 
interest in working for the oil and gas 
sector compared to millennials and Gen 
Z in industrialized economies, such as the 
U.S., Canada, Japan and France. 

Next steps
The survey fi ndings show a compelling 
need for the industry to take concrete 
steps in promoting its technological depth 
and digital innovations to young students 
and professionals. According to Al Jaber, 
“If we are seen as low tech and old fash-
ioned, we must showcase our high-tech 
breakthroughs and our cutting-edge prac-
tices. When we are perceived as environ-
mentally unfriendly, we need to highlight 
the work we are doing to protect and safe-
guard our natural world.”

“I do not foresee a major challenge, 
but we should exert more efforts in 
increasing awareness of our industry’s 
technological advancements among the 
future workforce,” Al Mzaini added. 
She believes that the solution lies in 
addressing the perception gap of future 
employees because they do not under-
stand to what extent the industry is 

using digital technologies. 
“We at ADNOC are trying to fulfi ll our responsi-

bility to mitigate perception gaps of the future work-
force and clear their misunderstandings regarding 
the industry,” Al Mzaini said. 

She added that ADNOC has entered into sev-
eral agreements with academic institutions, tech-
nology companies and local communities such as 
the UAE Coder Program, which supports the 
development of IT skills among the country’s 
youth. ADNOC also sponsors young students to 
obtain engineering degrees from prestigious uni-
versities worldwide. 

An ADNOC survey revealed that the future workforce shows disinterest in the oil 

and gas industry because they believe the industry is not technologically driven. 

(Source: ADNOC)
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Richard Mason, Chief Technical Director

The fortunes of the well stimulation industry in 2019 
will be tied to privately held oil and gas operators. 

That message emerged early during first-quarter 2019 
earnings calls. 

Those calls also revealed more than 20 well stimu-
lation fleets idled rolling into 2019, or roughly 1 mil-
lion in hydraulic horsepower capacity. Furthermore, 
publicly held well stimulation firms were bringing on 
newer, higher capacity equipment now as replace-
ment for older, lower capacity and worn out equip-
ment so that net change to the active well stimula-
tion fleet appears to be minimal for this year.

While oil service management teams noted the 
industry had bottomed in the first two months 
of 2019, few were willing to 
definitively claim a bottom 
other than to note that the sec-
ond-quarter fracture calendar 
was improving, though visibil-
ity, as communicated by cus-
tomers, did not stretch beyond 
the first half of the year.

Well stimulation manage-
ment teams cited a sharp drop 
in pricing for their services 
to date in 2019, despite a sig-
nificant increase in performance—although some 
of the price decline was offset by lower pricing for 
materials and supplies such as sand. The stimulation 
sector is getting better due to a greater percentage 
of 24-hour work, zipper fracs and more work tied 
exclusively to pads, primarily in the Permian Basin, 
which represents almost 45% of activity by volume. 
Clearly, the well stimulation sector is finding itself in 
the same boat as land drilling contractors where per-
formance has improved significantly although the 
sector has not been rewarded with higher rig rates 
for its contribution. 

Privately held companies represent 42% of drill-
ing activity, the largest individual share by operator 
class. What makes this group significant, other than 
market size, is the fact that privately held operators, 

many backed by private equity, respond quickly to 
market conditions. The No. 1 market condition 
remains the bull run in oil prices during 2019. 
Privately held companies saw rig count top 500 units 
on average during the fourth quarter of 2018, the 
highest level in four years. That activity dropped to 
450 rigs on average in the first quarter this year.

Curiosity is rampant on whether the public E&P 
companies with their larger individual rig programs 
will respond to 2019’s bullish price signals. The 
word to well stimulation firms from drilling and 
completions managers in early 2019 is that most 
public E&P senior management teams remain com-
mitted to capital discipline. 

Indeed, the handful of public companies that 
announced expanded capital spending during 
first-quarter earnings calls, even for plausibly ratio-

nal business conditions, saw 
stocks sell off in double digit 
percentages. The financial 
industry has little appetite for 
E&P outspend, and E&P man-
agement teams appear to be 
taking that attitude to heart 
even as oil prices reach the his-
torically bullish $65 threshold. 

That explains in part the roll-
over in rig count. The oil and 

gas industry fell below year-ago 
levels in rig count as the second quarter began with 
capital spending versus 2018 projected to decline 
between 10% and 15%. Rig count by operator class 
is now down for independents, whether large, mid- 
or smaller capitalization classes. Rig count is up a lit-
tle for integrated oil companies and recently began 
rising for privately held E&P companies.

Efficiency has become the name of the game for 
well stimulation. The old rule of thumb of one frac-
ture stimulation crew for 2.5 drilling rigs has now 
increased to one crew for 3.5 rigs. Stage counts per 
day are doubling anecdotally from the traditional 
four or five per day. But efficiency is also the same 
reason why the well stimulation industry remains 
oversupplied in equipment and crews, a condition 
not likely to come into balance until 2020. 

Watching private E&P companies     
First-quarter 2019 earnings calls prove to be quite revealing.

Q Wall Street-imposed capital 
discipline has public  
E&P companies slowing  
capital spending in 2019.

Q Privately held E&P  
companies, buoyed by  
higher commodity price,  
may yet �ll the activity gap.
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In the early days of drilling, long before the Shale 
Gale blew in and upset the status quo, there was the 

phrase “rope, dope and soap” in reference to the trio 
of core materials needed to get wells drilled. These 
consumable items made it possible to hoist a bucket 
into the derrick or grease the engine gears for a 
smoother run and a means to get clean. 

Over time, the phrase came to encompass anything 
and everything that wore out quickly. And then came 
the Shale Gale with its less melodious “plug, perf and 
prop,” and like the global oil markets it upset, the 
Gale tipped the balance of operations for oilfi eld ser-
vice (OFS) companies. 

Deloitte puts forward this observation in the article 
“Oilfi eld Services: Caught in the Cycle,” which appeared 
in the company’s “Decoding the O&G Downturn” 
report. The OFS segment article assesses the health of 
the segment, identifi es possible reasons for its underper-
formance and examines its changed margin profi le. 

Considered the backbone of the upstream oil and 
gas (O&G) industry, OFS companies develop and put 
forward the technological advances needed to make 
shale resources commercially possible. However, 
recovering from the price downturn has been chal-
lenging. Since 2015 more than 170 OFS companies 
have fi led for bankruptcy, according to Deloitte. The 
shale “boom turned into doom” for OFS in that the 

increased drilling, completion and production of 
resources that grew by 11% during the downturn did 
not reciprocate with similar growth in business for 
OFS companies, the study found. 

“In fact, the segment’s revenue fell by 20% during the 
downturn, due to both reduced activ-
ity and downward pricing structure,” 
according to the report. 

Posed with the task of reducing 
costs and improving productivity, 
producers turned to OFS to provide 
the needed solutions. This, in turn, 
created the opportunity for service 
companies to develop enhanced 
well completion designs that were 
larger and more complex. 

“The average length of laterals 
and volume of proppants and fl uid 
increased by 35% to 50% during 
the downturn, supporting a 50% 
rise in U.S. O&G production and a 

50% to 60% fall in wellhead breakeven,” according to 
the report.

Multiwell pad drilling and increased well productivity 
reduced the need for and the day rates of rigs. The aver-
age number of rigs, the study found, dropped by 45% 
in the U.S., while the number of drilled and completed 
wells dropped by 25% to 30%, according to Deloitte.

While the OFS segment faces signifi cant and unique 
challenges, Deloitte suggests the way forward includes 
operational agility and nimble scalability along with the 
use of performance-based contracts and the 
formation of alliances to ensure 
service companies can thrive amid 
market uncertainty. 

Disruption in the pecking order
The Shale Gale did more than set the global oil markets on their collective ear; 

it created an imbalance in the OFS segment. 

Read more commentary at 

HartEnergy.com

JENNIFER PRESLEY
Executive  Editor

jpresley@hartenergy.com

(Source: Deloitte)

Gains became losses

12.8 MMboe 
(US 0&G 

production, 2014)

18.8 MMboe 
(US 0&G 

production, 2018)

Lateral length per 
well, 2018 (% change 

from 2014)

Proppant 
volume/ft

Fracking fluid 
volume/ft

8,437
(37%)

Number of active 
rigs, 2018 (% 

change from 2014)

838
(-44%)

Number 
of wells 
drilled

1,410
(-23%)

Number of 
wells 

completed

1,215
(-32%)

1,774
(53%)

1,569
(35%)

Business loss for OFS

Productivity gains for operators
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In November 2018, the U.S. Geological Survey (USGS) 
announced that the Wolfcamp Shale and overlying 

Bone Spring Formation in the Delaware Basin portion 
of the Permian Basin contain an estimated mean of 
46 Bbbl of oil, making the Delaware Basin one of the 
largest continuous oil and gas resources ever assessed. 
The announcement came just two years after the USGS 
announced the Wolfcamp Shale in the Midland Basin 
contained about 20 Bbbl of oil.

But based on current abilities and technologies, 
only about 10%, or 7 Bbbl of that combined 66 Bbbl, 
might be recovered (give or take a couple hundred 
million barrels), at least through primary recovery 
methods. Secondary methods might boost recovery 
factors up to, if you’re optimistic, 40%, according to 
the U.S. Department of Energy. 

That’s leaving behind an enormous amount of oil. 
It’s an issue that George King, an engineering 

adviser with Viking Engineering, recently discussed 
during a Permian Basin symposium hosted by the 
Society of Petroleum Engineers. 
King noted that over the past 40 
years, primary recovery rates have 
increased from about 1% in the 
early 1970s to about 10% today.  

“That’s got to change,” he said.
King explained that much of the 

incremental gains in recovery rates 
have been accomplished through trial 
and error, which is “an expensive way to learn,” he said.

To substantially improve recovery rates, King sug-
gested the industry would need to adopt incremental 
changes in technology—those in which small changes 
lead to slight improvements—and step changes, or those 
that shift the linear development of new technologies.

King offered a number of suggestions on how to 
improve recovery rates, including improved forma-
tion evaluation and a proppant program that utilizes 
40/70 mesh or 30/50 mesh sands at the onset to 
improve conductivity followed by 100 mesh sand that 
can then be placed farther into the reservoir.

In a report calling for taking an analytical approach 
to maximizing reservoir production, McKinsey & 
Co. echoed King’s suggestions for both short-term 
efforts and step-change practices. Among the shorter-
term efforts, McKinsey noted including optimizing 
lift techniques and identifying candidates for addi-
tional perforations. 

Longer-term applications to improve recovery 
rates will likely include EOR and improved infi ll 
well spacing designs, as McKinsey and King both 
noted. However, EOR applications are only being 

deployed by a few companies in 
unconventionals, with little on 
those practices shared yet among 
the industry, and well spacing is 
currently proving to be as much of 
a challenge as it is a solution.

Of course, pushing longer-term 
recovery improvements at a time 
when metrics like IP30 are all the 

rage is a tough sell, especially when investors seek 
immediate returns. But, as evidenced by the USGS 
studies, the oil is out there. And, as King explained, 
hydraulically fractured wells could produce for much 
longer than originally anticipated. 

 “When we fi rst got into tight gas, they said these 
wells will last for fi ve or 10 years,” King said. “At 10 
years, they said they’ll last for 10 or 20 years. Then at 
30 years, now they’re saying ‘We don’t 
know how long they will last,’ which 
was probably the only intelligent thing 
they said.” 

Read more commentary at 

HartEnergy.com

BRIAN WALZEL
Associate  Editor, 

Production Technologies

 bwalzel@hartenergy.com

Plenty of room for improvement in 
recovery rates  
There’s lots of oil out there, but the industry needs to improve recovery rates to gain the 

full benefi t.

The industry needs to 

adopt incremental 

changes 

in technology.
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A Halliburton frac crew completes a well in the Midland Basin. 

Over the past fi ve years, completion designs have evolved to 

include more proppant loading, longer laterals, higher stage 

counts and improved understanding of well spacing. 

(Photo by Tom Fox, courtesy of Oil and Gas Investor)
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Brian Walzel, Associate Editor, Production Technologies

In the 70 years since the fi rst hydraulically fractured 
well began commercial operations, the technique’s 

processes and designs have undergone a sea change—
and in some cases a tsunami—that have led to uncon-
ventional oil and gas production being the catalyst to 
the U.S. shale boom. 

Both the micro- and macro-evolutions of completion 
designs toward high-intensity completions have led to 
a drastic reduction in breakeven production costs. In 
2015 North American shale ranked as the second most 
expensive resource, according to Rystad Energy’s global 
liquids cost curve, with an average breakeven price of 
$68/bbl. The average Brent breakeven price for tight 
oil is now estimated at $46/bbl, according to the May 
2019 press release from Rystad Energy. 

The cost reductions have not been a result of a sin-
gle innovation, or even just a few. As Pioneer Natural 
Resources explained in a paper presented at last 
year’s Society of Petroleum Engineers (SPE) Annual 
Technical Conference and Exhibition, design teams 
must consider more than 20 different design parame-
ters for a well’s completion, including proppant and 

fl uid type and amount, cluster spacing, stage length 
and well spacing. In addition to the multitude of com-
pletion components, the reservoir’s characteristics 
such as thickness and rock properties must be well 
understood, as they can change signifi cantly across a 
fi eld, Pioneer explained.

Mike Mayerhofer, director of technology for Liberty 
Oilfi eld Services, cited increasing treatment sizes, the 
move away from crosslinked gels to slickwater fracs and 
increasing proppant intensity as the primary drivers 
behind enhanced well completions.

“The driving point is that the data are showing 
that the extra incremental oil you’re getting with 
this more aggressive approach is justifying the cost,” 
Mayerhofer said.

Halliburton’s vice president of production enhance-
ment, Michael Segura, explained that the most signifi -
cant technologies that have played a role in the evolu-
tion of enhanced completion designs are those geared 
toward effi ciencies, such as the adoption of pad drilling. 
Pad drilling, he said, gave rise to a manufacturing type 
of well design that would produce multiple wells at 
once on the same footprint.

“This, in turn, pushed the evolution of completion 
tools by driving cost down due to volume, coming up 
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with new materials for reduced mill-out time, or no 
mill-out time at all, and increasing the total number of 
available stage counts,” Segura said. “The whole process 
is a very unique balance between operational execution 
and the technology that enables it where one is always 
pushing the other.”

Bakken
Hess is a leading operator in the Middle Bakken and 
Three Forks with about 550,000 net acres and an esti-
mated 2019 production to be 135,000 to 145,000 boe/d, 
according to the company’s presentation at the Scotia 
Howard Weil Energy Conference in March.

Hess’ financial and production metrics have expe-
rienced a marked increase following its move to plug-
and-perf (PNP) completion designs and improved well 
spacing after the price collapse of 2014. The company 
reported in its December 2018 investor presentation 
that its adoption of PNP completions is forecast to 
result in increases in production to about 200,000 
boe/d and net present value by about $1 billion.

But as recently as 2017, Hess was utilizing sliding 
sleeve completions full scale in the Bakken in its efforts 
to find revenue in the price-depressed market, as Barry 
Biggs, vice president of onshore, explained. 

“We decided to double down on what we’d been 
working on up to that point of our journey, which was 
the sliding sleeve completion,” he said. “The technolog-
ical component of that was adding additional stages. So, 
back in the 2013 time frame, it was 10 to 15 stages. By 
2014 it was 30 stages, and by the time we got to 2017, 
we were at 60 stages. We really focused on driving the 
sliding sleeves to its technical limit.”

Biggs said that during that 
period, Hess worked to drive costs 
down by about 40% since 2014.

“We were about $4.8 million 
per well cheaper than our com-
petitors in 2015,” he said.

With a lower cost structure and 
rebounded prices, Hess contin-
ued adding entry points through 
PNP completion technology to 
increase production.

“Each area acts a little bit dif-
ferently in the Bakken,” he said. 
“There’s no one-size-fits-all. Plug 
and perf offers the ability to add 
more entry points, which is the 
key here.”

In addition to stage spacing 
and the shift to PNP comple-
tions, Hess has substantially 
increased its proppant loading 
design. Biggs said that in about 
2014, when Hess was moving 
from 25 stages up to 60, its com-
pletion designs included about 
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A PNP completion design provided Hess the ability to add more entry points versus an openhole 

sliding sleeve completion. (Source: Hess)

Stage Length

Perforation Cluster Spacing

PNP stage with precise fracture initiation and more entry points

Openhole sliding sleeve design with unknown number of imitated fractures

Halliburton’s frac plug  

technologies have evolved from  

cast iron such as the Obsidian  

Frac plug at top to the dissolvable  

Illusion Spire Frac Plug released in 

February. (Source: Halliburton)
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70,000 lb per stage of proppant. That amount has more 
than tripled to as much as 280,000 lb per stage.

“So that puts us in the 8-million- to 12-million-pound 
loading across the well now, compared to as low as the 3.5 
million we were doing back in about 2014,” Biggs said.

He added the company primarily 
uses 40/70 mesh sand, and while it 
has employed some uses of 100 mesh, 
it has yet to adopt the finer proppant 
types fully.

Hess also has shifted away from cross-
linked gel frac fluid from previous com-
pletion iterations, Biggs said, while also 
bypassing slickwater fracs, which have 
been in favor for much of the shale 
industry over the past few years. 

“We have really been focused over the 
last three or four years on a high-viscos-
ity friction reducer [HVFR], and we’ve 
been very successful with that,” he said. 
“Some people have gone with the slick 
water, but we’ve stayed with this HVFR 
that we perfected in the Utica and 
brought it back to the Bakken.”

While operators in many North 
American shale basins have the 
flexibility to experiment or apply 
extended, or even “super long,” lat-
erals—sometimes up to 4.8 km (3 
miles)—drilling regulations in North 
Dakota limits well lengths based on 
drilling spacing units (DSU). The 
State of North Dakota set DSUs at 
1,280 acres, which effectively limits lat-
erals to 3,048 m (10,000 ft). 

According to an SPE paper by Liberty 
Oilfield Services, average lateral lengths 
in the Bakken and Three Forks have 
essentially remained constant at about 
2,590 m (8,500 ft).

Biggs said Hess has also mostly 
avoided problems with parent/child 
well interactions, despite seeing some 
pressure responses between wells. He 
said the company’s well spacing design 
in its core acreage averages about 152 m 
(500 ft) between wells, whereas others in 
the region are at about 243 m (800 ft). 

“As we moved forward, we’ll be test-
ing different spacing designs,” he said. 
“We’ve taken the tack that tight spac-

ing generates the highest value, not necessarily per well, 
but per DSU at that 500-ft spacing.”

Biggs said finding the right completion formula could 
improve Hess’ noncore acreage position on a scale with 
its core acreage. 
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“In terms of sand loading, the number of entry points 
and well spacing, all of those variables interact here,” he 
said. “And we’re trying to find the right recipe in each 
of those areas to pull our Tier 2 and Tier 3 acreage into 
Tier 1.”

Haynesville
Goodrich Petroleum controls a combined 23,000 acres in 
the Haynesville core with proved reserves in those plays of 
about 13 Bcm (471 Bcfe). The company’s annual produc-
tion has grown from about 849 cu. m /d (30,000 cfe/d) in 
2017 to an estimated 3,964 cu. m /d (140,000 cfe/d) this 
year, according to its fourth-quarter 2018 investor report.

Robert Turnham, president and COO of Goodrich 
Petroleum, explained that when the company began 
developing the Haynesville, its completion designs 
were based on short laterals and small amounts of 
proppant. Goodrich’s original completion designs 
featured 1,402-m (4,600-ft) laterals, 1,000 lb/ft of 
proppant loading, 91-m to 137-m (300-ft to 450-ft) 
frac intervals and cluster spacings of 15 m to 21 m (50 
ft to 70 ft), and a hybrid design of gel and slickwater 
frac fluid. The result, Turnham said, was underper-
forming wells.

“A much wider interval with much less proppant per 
foot was creating much poorer stimulation,” he said. 

After gas prices in 2014 fell from $6/MMBtu to about 
$3.50/MMBtu, Turnham said Goodrich looked to test 
different stimulation methodologies. The result was lon-
ger laterals, higher proppant loading, a shift to exclu-
sively slickwater fluids, tighter frac intervals and closer 
cluster spacing.

“It became clear that if you tightened your intervals 
and increased your proppant, that would make a huge 
difference,” he said. “So we tested all the way to 10,000-
ft laterals and 5,000 lb/ft of proppant and less than 100-
ft (30-m) intervals, and clearly that combination made 
the best wells drilled to date in the Haynesville.”

Turnham noted, however, that the higher-density 
completion design also came with a higher cost.

“Then the question is how to tweak that so you’re not 
only getting a superior reserve but also generating the 
highest rate of return,” he said.

Goodrich’s current completion design now features 
on average 2,286-m (7,500-ft) laterals with 4,000 lb/ft 
of proppant and cluster spacings of between 4.8 m and 
6 m (16 ft and 20 ft). Turnham said the transition away 
from gel to slick water has resulted in better cracking of 
the rock in the frac intervals.

“The goal here is near-wellbore stimulation versus wing 
length reach away from the wellbore, because the far-

ther out you go, the more the likelihood that the frac is 
going to close up on you,” he said. “You’re just not going 
to capture as much of the gas that’s in place unless you 
tighten up the intervals. And that’s what we’re seeing—
higher recoveries from better stimulation.”

Although Goodrich tested 3,048-m laterals, Turnham 
said the company settled on the shorter 2,286-m wells 
at least in part to more consistently drill on budget. 
Replacing mud motors or drilling tools is more costly 
with longer laterals as a result of the time it takes to 
retrieve and replace the tools, he said. 

“By the time you come up to the surface and get back 
down to drilling, it could add three days to your drill 
time,” Turnham said. “Every day costs you $75,000 to 
$100,000, depending on what tools you have in the wells. 
So, it’s not that you have risk drilling from 7,500 ft to 
10,000 ft, it’s that you have a higher probability that you 
could exceed your budget or estimate to drill that well.”

In addition to fine-tuning the parameters of its com-
pletion design, Turnham said Goodrich has also begun 
to implement dissolvable plugs into its operations. He 
said the company first utilized dissolvable plugs in its 
operations in the Tuscaloosa Marine Shale in 2013 
through about 2015.

“For the technology back then, those plugs were not 
as good as the plugs are now, and in the early days dis-
solvable plugs might not have kept a grip or hold when 
you’re fracking,” he said. “They might not dissolve 
properly, or they might create this emulsion that would 
mix with your clays and sands.” 

Turnham said the modern dissolvable plugs Goodrich 
applies hold and are easier to clean out. In addition, 
he added Goodrich, like many other operators in the 
Haynesville, has turned almost exclusively to PNP com-
pletions rather than sliding sleeves.

“It’s a better methodology to ensure that you’re stim-
ulating equally over an interval through your perfora-
tion,” he said. “We’ll put 35 perforations over a 100-ft 
interval, and if you pump your fluid at 2 bbl/min per 
perforation, you’re equally distributing the fluid out 
over those perforations, and therefore, we think you get 
a more uniform completion than if you just had a slid-
ing sleeve that basically opens up the interval.”

Midcontinent
Chaparral Energy is a pure-play Stack/Merge operator 
that reported 14,400-boe/d Stack production in 2018, 
an increase in production of 52% over 2017. According 
to the company’s May investor report, Chaparral’s drill-
ing and completion costs in the Osage and Meramec 
are just more than $800/lateral ft, about $200 less than 
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the average cost per lateral foot among its peers in 
those plays.

Similar to Goodrich Petroleum, and a host of other oper-
ators, one of the primary goals in the company’s comple-
tion designs is to optimize near-wellbore stimulation, said 
Jim Miller, Chaparral’s senior vice president of operations.

“Our stimulation job has changed quite a bit over the 
last several years,” he said. “Instead of trying to reach 
out and touch someone with the frac job, we’re trying 
to create a more complex near-wellbore fracture.”

To improve conductivity, Chaparral employs cemented 
liners and low viscosity frac fluids with 100 mesh prop-
pant, a change from the 40/70 and 30/50 sands and 
cased and cemented wellbores the company initially uti-
lized in the Stack. Josh Walker, Chaparral’s vice president 
of completions and operations, said thinner frac fluids 
combined with finer-mesh sands and minimal chemicals 
and acids are easier to place within the fracs. 

“It’s hard to place a decent concentration of 40/70 or 
30/50 [proppant] with really thin fluids,” he said. “You 

open up your options when you’re placing 100 mesh, 
and so we’ve gone away from any viscous fluids.”

Chaparral is also among the operators that have found 
improved results deploying diverters in its completion 
operations to achieve improved cluster efficiencies. 
Walker said Chaparral has improved its understanding 
of diverting agents and their impact on cluster efficiency 
through the use of fiber optics over the last few years.

“That’s been one of the driving factors in finding a 
diverting agent that actually works, and that’s been one 
of the things the whole industry has been looking for 
over the past six or seven years,” he said. 

Walker said the early diverters designed with poly-
actic acid or fibrous materials were not as effective as 
current designs.

“The TTS [Thru Tubing Solutions] pods are the 
first thing we’ve found that actually do what they’re 
designed to do, which is to plug up that major run-
away fracture,” he said. “So that’s how we mitigate risk, 
because we’ve added a few clusters per stage and we 
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mitigate the potential of decreased cluster efficiency 
with a diverting agent.”

In addition to applying diverters more so than in 
previous completion designs, Chaparral is now testing 
dissolvable frac plugs to use in place of traditional 
plugs. Walker said dissolvable frac plug technology 
has improved over previous iterations while the  
costs have come down to a point where their use  
is more justifiable.

“[Dissolvable plugs] would help a whole lot in the 
Stack,” he said. “It’s less of an issue where you’ve got all 
the pressure in the world, but if you can find something 
to help mitigate the risk of drill out, it’s a big step.”

Also similar to other operators, particularly in the 
Stack. Chaparral has reevaluated its well spacing plans 
to avoid potential parent/child well interference. The 
company has tested well spacing designs at its Denali, 
Foraker, King Koopa, Hennessey and Jester units as well 
as at some of its nonoperated units. 

During the fourth quarter of 2018, Chaparral 
brought online its first operated partial spacing test in 
Kingfisher County, Okla. Chaparral CEO Earl Reynolds 
said during the company’s fourth-quarter 2018 investor 
call that the five-well King Koopa test included three 
Meramec and two Osage wells and was drilled in a sec-
tion with an original Meramec parent well.

“We did not see any hydraulic communication 
between the infill wells, which is a good sign that our 
frac was contained to near-wellbore as per our design,” 
Reynolds said. “Another sign of the frac design effec-
tiveness is the fact that the parent well has successfully 
returned to its pre-infill production rate.”

Reynolds said those results give the company confidence 
in its frac design and spacing plan as it moves toward 
full-section development. Walker explained that design 
has evolved and the company now believes it can success-
fully develop three or four wells per drillable bench. Miller 
added that Chaparral has introduced, when economically 
feasible, repressuring and refracturing parent wells.

“When you start looking at repressuring the parent 
wells, that’s an additional cost to the job,” Miller said. “To 
make those wells economic, you have to include that cost 
to repressure the parent [wells]. If we can do that, and 
improve your child wells, then we feel like we’re better off.”

Marcellus-Utica
In March Appalachia operators Blue Ridge Mountain 
Resources and Eclipse Resources merged to form Mon-
tage Resources. The merger resulted in, among other 
dynamics, a focus on improving the economics, and 
subsequently the returns, of its well designs. The former 
Eclipse Resources made headlines for its “super long” 
laterals, which averaged 5,600 m (18,375 ft). In 2017 the 
company set the world record for the longest lateral at 
5,882 m (19,300 ft), or 6 km (3.7 miles). 

But now, under the Montage Resources moniker, 
those lateral lengths have tapered off a bit, said Douglas 
Kris, vice president of investor relations.

“What you’ve seen more recently with regard to the 
new company is a reigning back in terms of lateral 
length, and it’s due not to the inability to drill out that 
far or the degradation of recovery,” he said. “It’s more 
driven by the market environment these days, which is 
focused on generating cash flow quicker.”

Last year Chaparral Energy completed well spacing tests in Kingfisher County and found no indication of well communication at several 

of its tested wells. (Source: Chaparral Energy)
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According to a company investor report, Eclipse’s 
wells averaged about 4,694 m (15,400 ft) in length in 
2018. This year that distance has been reduced to an 
average of about 356 m (11,700 ft), a decrease of 25%. 
The result has led to a reduction in cycle time of about 
20% from 220 days to about 175 days, which, as Kris 
explained, improves the return to capital.

“If you drill four 20,000-ft [6,096-m] laterals, you’re 
talking nine to 11 months from when you spud until 
you start to see cash flow,” he said. 

Also driving economic returns has been the compa-
ny’s evolving plan for proppant loading and stage spac-
ing. About two years ago, Eclipse was loading proppant 
at about 3,000 lb/ft with stage spacings of 45 m to 61 m 
(150 ft to 200 ft), Kris said. 

“What we’ve learned is that the stage spacing is proba-
bly correct in roughly that 200-ft spacing, but the prop-
pant loading is closer to 2,500 lb [per foot], and not 
over 3,000 lb [per foot],” he said. “Because with each 
pound you’re getting a diminishing return, and you’re 
not necessarily getting additional EUR for the incre-
mental sand that you’re putting down there.”

Such a design, however, is not applied uniformly 
throughout an entire well or a well pad, Kris explained. 

“What we’ve found is that like rock stimulates better 
with like rock,” he said. “So if you see something in 
the rock characteristics that would result in a stage at 
250 ft [76.2 m] as opposed to 200 ft because the rock 
characteristics are the same across the entire stage, then 
the proppant gets put away evenly in that entire stage. 
Whereas if you just had a 200-ft stage and you had dif-
ferent rock characteristics throughout the stage, your 
proppant is going to get placed more in one area and 
not the other. You won’t get the full effect of the cost 
that you’re putting down there.”

Part of the success of Eclipse’s super long laterals, 
at least in terms of production, was the ability to push 
proppant into the reservoir so far from the spud loca-
tion, an effect of improved fracture fluid applications 
and the adoption of mostly 100 mesh sand, Kris said. 

“We moved away from the crosslinked gels, which 
is what we used initially in 2013 and 2014,” he said. 
“We’ve moved away from that to more slick water, and 
we’ve found that to be much better and much more 
beneficial for the life of the well and the preservation of 
the reservoir.”

The high pressures of the Appalachian Basin often 
present challenges when applying technologies and 
tools that have proven successful in lower-pressured 
environments. Among those are dissolvable plugs. 
Kris said Montage has only moved into the testing 

phase for dissolvable plugs but is hesitant for wide-
spread adoption.

“I think part of that is just the trepidation in 
Appalachia just because of the rock characteristics,” 
he said. “You’re a lot deeper and the pressure is a lot 
higher, especially in dry gas. We haven’t had any issues, 
but we’ve seen some issues from other operators with 
whom we have a working interest. So we’ve never holis-
tically used it for an entire lateral.”

Future of completions
Montage’s inclination to cut back on its lateral lengths, 
along with similar signs in nearly all shale basins, is an 
indication the industry might be seeing an end to the 
continuation of higher-intensity completions. Operators 
and service companies are beginning to see diminishing 
returns from increasing proppant loading, extending lat-
erals even farther and setting frac stages closer together. 
Meanwhile, frac hits resulting in lost production are caus-
ing companies to reevaluate their well spacing plans.

“This year is probably the first time that we’re seeing 
it’s a lot more stabilized with proppant,” said Riteja Dutta, 
senior production manager of analytics and engineering 
at Drillinginfo. “In fact, in some areas it’s even dropped 
a little bit from an average of about 2,000 pounds per 
foot in 2018 to now we’re at about 1,800 pounds per foot 
in certain areas. And apart from controlling costs, the 
dynamic of well interference has also changed the conver-
sation of how intense those fracs are.”

Liberty’s Mayerhofer explained that investors are now 
looking for companies to improve their profit margins 
and become cash-flow positive, which drives cost reduc-
tions and, subsequently, modified completion designs.

“I think people have taken their foot off the gas pedal 
a little bit,” he said. “When we do our Big Data studies, 
we definitely see that as you go larger and larger on treat-
ment sizes, we see production has diminishing returns.”

Halliburton’s Segura explained that the limits on 
completions are an indicator of an evolution in tech-
nology. That evolution, he said, will likely lead to newer 
approaches to future completion designs.

“[Operators] find that they now are pushing the tech-
nology and, by association, the whole operational pro-
cess to its limits,” he said. “These kinds of litmus tests 
on existing technology, along with the introduction of 
Big Data and digitalization in the oil field, provide indi-
cators on where technology and processes can improve 
and what types of innovation are needed to be pushed 
forward. These pushes can sometimes lead to a new 
completion approach, new technology, new processes 
or a collaboration of each.” 
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PERFORATING SYSTEMS 

INDUSTRY UPDATE

Scott Weeden, Contributing Editor

The zenith of the drilling rig count in the U.S. occurred 
on Dec. 28, 1981. There were 4,530 rigs in the U.S. 

drilling about 30,000 to 35,000 mostly vertical wells per 
year. On April 12, 2019, the rig count was 1,022 rigs. 
Even at that number, the industry is still drilling 30,000 to 
35,000 mostly horizontal wells per year.

“I was a fi eld engineer when I fi rst started my career. I 
would go out and shoot maybe 10 guns per well. Today 
in a horizontal environment, we shoot 50 stages. We 
might shoot 10 guns per stage. We are shooting 500 
guns in a well, an order of magnitude higher,” said 

George Patton, product development manager for the 
Owen Oil Tools division of Core Laboratories. 

“One of the challenges for us is that we have to build 
more guns, more charges, more detonating cord, more 
detonators and more switches. For all the technology 
that has been around for decades, we have to be able to 
manufacture more than we have ever done in the past. 
At the same time, we need to be more cost effective.”

That demand for more equipment has led to other 
challenges. “Just the volume of the business is stretch-
ing the supply chain really thin,” said James Barker, 
Halliburton technical chief for perforating technology. 
“There are shortages in steel for the gun carriers and 
even explosive powders for the shaped charges. There 

Higher demand for perforating 
systems strains supply chain  

With increased drilling rig effi ciency and longer laterals, the horizontal environment has 

changed the nature of the perforating business.

An automatic laser is used in perforating gun 

manufacturing. (Source: Owen Oil Tools)
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have been significant shortages in those arenas over the 
last year, especially the explosive powders.”

That has led Halliburton to introduce new frac 
charges based on the explosive pentaerythritol tetrani-
trate (PETN). “That’s really a polymer-coated PETN 
for enhanced handling and safety. It was released in 
2019,” he said.

The increased efficiency of the drilling rigs and the 
shift to longer laterals in horizontal wells have impacted 
perforating systems. “The whole horizontal environment 
has changed the nature of our business enormously. A 
lot of the ideas we used to accept in the vertical environ-
ment are being challenged in the horizontal environ-
ment,” Patton said. 

Companies are also beginning to measure the efficiency 
of perforating systems with defects per million opportuni-
ties (DPMO). “The reliability has increased to about 99% 
or better, but even more is demanded. As the industry 
gets better and better, you kind of lose whatever 99.x% 
means from a success standpoint. If you cast it in DPMO, 
then it amplifies how good you really are,” Barker said.

While the sheer demand for perforating guns is 
straining the system, manufacturing companies con-
tinue to work with operators and service companies to 
improve the technology for perforating systems. 

Consistency of hole size
With the advent of horizontal wells, what has really become 
a critical factor is the consistency of the hole size. In a hor-

izontal well, the guns will sit on the low side of the casing. 
The perforation hole size can vary around the casing. 

“You have one shot right next to the casing on the bot-
tom of the casing. Then, you have a shot on the top of the 
casing that is going across the fluid gap between the gun 
and the casing. The performance of that charge is dimin-
ished. It is no longer what the API [American Petroleum 
Institute] specs are,” Patton said.

Frequently, the hole size consistency can be a 20% 
standard deviation with a standard conventional charge, 
he explained. “You might have an average 0.36-in. hole, 
but in the 6 o’clock position, the hole size could be 
0.49 in. and 0.24 in. in the 12 o’clock position. We can 
change the shape of the jet that makes the perforation 
so we can get a hole size in all six positions around the 
casing down to a 3% standard deviation,” he said.

Owen Oil Tools’ consistent-hole-size charge is brand-
ed HERO PerFRAC, which is now its largest selling 
series of charges. This product line was initially intro-
duced in 2014 and relaunched in 2016. Since then, the 
company has improved the standard deviation from less 
than 10% to less than 3%.

“We have talked to the operating companies about 
their specific casings because hole size varies for each 
casing size, weight and grade. The gun sizes may change 
if you have large or small casing. We’ve brought in cli-
ents, and they have given us samples of their casing. We 
shot those at Owen Oil Tools’ facility in Godley, Texas. 
We demonstrated what we say about consistent hole size 

The hole size consistency can be a 20% standard deviation with a standard conventional charge (right). Owen Oil Tools has 

improved its standard deviation from less than 10% to less than 3% (left). EH stands for the entrance hole diameter of the casing.  

(Source: Owen Oil Tools)

http://HartEnergy.com


June 2019  |  E&P  |  HartEnergy.com3636 June 2019  |  E&P  |  HartEnergy.com

hole diameter that is produced in the casing. We’re 
now beginning to realize that this also applies to the 
not really telling the true picture,” he said. “People are 
targets shot on surface. Folks have now realized that is 
rator penetration prediction. API 19B uses concrete 
doing a good job of directing the industry in perfo-

“The industry has known for a long while that it is 
able in the flow laboratories. 

-The last item involves testing that is specifically avail
pletion string from damage.” 
how you protect your perforating gun string and com-
predict both what is happening in the reservoir and 
few advancements made in the modeling software that 
tubing or unseat the packers. There are now quite a 
collapse and parting, and that you don’t corkscrew the 
sure that structurally your guns are protected from 
of the large explosive contents, you also have to make 
siderations of the formation?” Barker asked. “Because 
dynamic underbalance and other geomechanical con-
optimized your production through controlling the 
you shoot those big guns, how do you make sure you’ve 
job design because you are looking at two things. When 

“What is new technology is the modeling software for 
is still being requested by customers.  
densities of larger explosive quantities. This technology 
and 7-in. gun systems for offshore work with high shot 
trend toward larger diameter gun systems—the 6½-in. 
For tubing-conveyed perforating systems, there is a 
Tubing-conveyed perforating, testing

ing. There are other options.”
versal gun system such as the six shots, 60-degree phas-
product offering right now. There seems to be no uni-
from field to field or area to area. But there is a broad 
Maybe there never will be. There is always some wrinkle 
els,” Barker said. “What we see is no real clear winner. 
which brings its sensitivity to the RDX and HMX lev-
mer-coating that covers the crystals of the explosive, 
more sensitive explosive. Our introduction is a poly-

“PETN, if it is not manufactured properly, can be a 
tramethylene tetranitramine). 
(cyclotrimethylene trinitramine) and HMX (cyclote-
are used every day in the oil and gas industry—RDX 
are powder shortages with the traditional explosives that 

Coated PETN does alleviate the safety concerns. There 
well site,” he said.
down pressures and makes more efficient fracs at the 
being tried in the field to see if that helps lower break-
pressure from a propellant. “Some of these are now 
as well by enhancing the perforation with some over-

The propellant suppliers are getting into the schemes 

panies themselves,” he said.
is still out with the production and frac pumping com-
for longer frac guns with 15 to 18 shots. I think the jury 
toward shorter guns, we just had some orders come in 
now be around 20 clusters. Even as I say the trend is 
stage. What might be eight to 12 clusters per stage may 
fewer shots per cluster but [to] have more clusters per 
frac is. “The trend now seems to be shorter guns with 
determine what the optimal perforating design for their 

For this type of market, the industry is still trying to 
to the districts,” he continued.
ment at the shaped-charge plant and ship loaded guns 
turer. We can load guns here in a controlled environ-
one of the pioneers in loaded guns from the manufac-
zation to assemble. That has led to our company being 
come together quicker and easier for our field organi-
you to be better in your gun designs where the parts 

“Trying to get the DPMO number better just drives 
minimize idle time for the frac pumps,” he said.
time, efficiency at the well site and reliability so that you 
premiums are now placed on things like fast turnaround 
and better, Halliburton’s Barker said. “By that I mean 
hydraulic fracturing in the shale fields are getting better 
The gun systems for plug-and-perf operations to support 
Wireline-conveyed pump-down technologies

that use control lines.
success in 2017 and 2018 with several wells in Canada 
shoot away from them,” he said. The company has had 
you know where they are, you can design your guns to 
logging tools and techniques to determine this. Once 
determine where the control line is. There are some 
on an average horizontal well. You have to be able to 
outside of the casing with costs of about $1 million each 
is avoiding fiber-optic control lines running down the 

Another aspect of the Pinpoint Perforating System 
o’clock. That is very client specific.”
in three directions—at 12 o’clock, 10 o’clock and 2 
Patton said. “We’ve got people who want to shoot 
well so you can shoot in any direction that you want,” 

“We have a tool that orients downhole in a horizontal 
for the best frac performance. 
should shoot in the 12 o’clock and 6 o’clock positions 
Engineer papers have documented that an operator 
downhole in a horizontal well. Society of Petroleum 
called Pinpoint Perforating System. This orients the gun 
ZERO 180 Perforating System, which is now being 

Another product being rebranded is the company’s 
and even better production,” Patton said.
better results, lower frac pressures, fracs being put away 
is true. They have used them in their wells and gotten 
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beginning to see now that this is a much more complex 
mechanism than was envisioned previously when using 
hole-size predictions about what happens behind the 
casing based on surface-condition targets. Instead, those 
shots need to be done under simulated wellbore condi-
tions if you want to have an accurate representation of 
what is happening.”

Manufacturing challenges
Owen Oil Tools has had to gear up its manufacturing 
operations and improve the technology in manufac-
turing, including the techniques the company uses to 
manufacture because it needs to be more cost effective, 
Patton said.

 “Operating companies are coming to us now want-
ing us to build thousands of guns instead of tens of 
guns. They want us to be able to do it cheaper than 
what we could for tens of guns. We’re automating 
our manufacturing processes more than we have ever 
done. We’re using robotics more,” he said. “The whole 
manufacturing operation is changing dramatically. The 

demand for Owen products is greater than it has ever 
been. We sell millions of charges every year and hun-
dreds of miles of guns. We need to be very efficient in 
services that we provide in perforating for those com-
panies to bring oil and gas to the worldwide communi-
ty at an effective price.” 

One of the manufacturing challenges for Owen Oil 
Tools is that historically it has not had relationships 
with the operating companies. “One of the things we’ve 
been doing the last couple of years is spending more 
time and talking directly with the operating companies 
concerning the value that we bring to their opera-
tions,” Patton said.

The company does not want to lose its relationship 
with the service companies that distribute its products 
to the operators, but they are spending more time with 
the operating companies. “That was something we 
didn’t do 20 years ago. But we give them a lot more 
today by working directly with the operating companies 
while maintaining relationships with our historical cli-
ents,” he said. 

Tests at the Halliburton Advanced Perforating Flow Laboratory are designed to provide a measure of the flow performance of a  

perforation into a stressed rock, simulating reservoir-specific downhole conditions. (Source: Halliburton)
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Perforating tool simulates and predicts 
dynamic conditions
Built on advanced analysis and job planning data, Baker 
Hughes, a GE company’s (BHGE) TerraConnect perfo-
rating technology, engineered for reservoir conditions, 
simulates and predicts the dynamic conditions that 
occur during perforating events. These simulations pre-
dict transient behavior during laboratory testing, trans-
lating to optimum job designs that improve downhole 
results and reservoir contact. Using its PulsFrac software, 
BHGE optimizes perforation tunnel cleanup with a 
variety of technologies, including TerraFORM dynamic 
underbalance optimization services, TerraPERM pro-
pellant perforating optimization services and static 
underbalance techniques. The TerraConnect perforat-
ing technology and PulsFrac software provide a perfo-
rating design and cleanup operations optimized for the 

target reservoir. TerraConnect was recently applied on 
a multiwell project in Southeast Asia where laboratory 
test results led to product and deployment technique 
selection. Collaboration with the operator led to con-
tinual operational and production improvement over 
the course of the project, contributing to the ultimate 
reduction of wells planned by 33%. bhge.com

Consistent hole size perforating 
Horizontal, unconventional wells have revolutionized 
the industry and fundamentally changed perforating. 
Consistent hole size perforating has proven highly suc-
cessful and has become the standard. As production on 
unconventional wells declines, operating companies are 
challenged to revitalize these assets through recomple-
tion or refrac methods. Core Lab/Owen has delivered 
ReFRAC technology to meet this challenge. Mechani-
cally isolated refrac wells with cemented tubulars inside 
existing well casing are exponentially more complicated 
to provide consistent holes due to perforating two 
strings of casing with cement in between. Fracturing 
is more difficult, resulting in fewer stages per day and 
increased costs. ReFRAC charges produce optimal and 
consistent holes to meet these challenges. Two major 
operators have seen two to three times the number of 

TerraConnect was engineered for reservoir conditions. (Source: BHGE)

ReFRAC perforating charges shoot consistent holes through two 

casing stings. (Source: Core Lab/Owen)

Compiled by Ariana Hurtado,  

Associate Managing Editor

Operators are constantly searching for the latest 
innovations to maximize production. The follow-

ing technologies are some of the latest products and 
services available to the industry.

Editor’s note: The copy herein is contributed from service com-

panies and does not reflect the opinions of Hart Energy.

New perforating systems  
are saving time, cost   

Innovative technology designs are increasing efficiencies. 
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stages per day completed with fewer perforations. Costs 
and time on the well were reduced and profit margins 
increased. Multiple operators are requesting ReFRAC 
charge technology in this recompletion application. 
corelab.com/owen

Perforating system shortens gun length
The DynaEnergetics DS Trinity perforating system 
offers three charges in a single plane (three-in-a-plane) 
to shorten gun length and provide formation benefits 
during the hydraulic fracturing process. At less than 
8 in. overall length, the new system is up to 3.5 times 
shorter than conventional perforating guns, enabling 
much higher gun counts per stage. Shorter gun lengths 
also save on running costs by reducing the height 
requirements for rigup cranes and pressure control 
equipment. The single-plane charge architecture has 
been determined to reduce formation breakdown pres-
sure and achieve optimal rates quicker, which can ease 
wear and tear on fracturing equipment. In addition, 
single-plane perforating can lead to better fracture 
geometry in certain formations, enhancing overall well 
productivity. Recently completed field trials were con-
ducted in partnership with a large U.S.-based indepen-
dent operator that provided feedback on key features 
and functionality of the system. More than 1,000 guns 
were delivered during the field trial process, which was 
conducted with 100% success rate. dynaenergetics.com  

Technology eliminates clogged perforations
Kraken technology is a progressively burning, solid 
propellant designed to increase penetration, eliminate 
clogged perforations and overcome near-wellbore 
damage from compaction caused by traditional perfora-
tors. Progressively burning Kraken propellant boosters 
generate high-pressure gas in the perforation tunnels, 

which creates fractures that improve well con-
nectivity. Completion engineers who score-
card breakdown pressure, IP/II increase, 
operating time and safety will observe that 
the return on incremental investment in 
enhanced perforating performance routinely 
exceeds 100%. thegasgun.com

Interventionless perforating tool 
requires no electronic detonation 
Nine Energy Service’s FlowGun technology is 
a stage one interventionless casing-conveyed 
perforating tool that eliminates the need 
to run wireline or coiled tubing (CT) and 
requires no electronic detonation. FlowGun 
offers an innovative, safe and cost-effective 
advantage for stage one completions. It offers 
infinite efficiency, control and flexibility. 
With FlowGun, operators see increased sav-
ings on time and money because the numer-
ous downhole jobs are consolidated into one 
tool and one crew with no sleeves to shift, no 
wet shoe required and no electronic detona-
tion needed. An entire phase of completion 
is eliminated, removing the need to pay for 
additional water, tank trucking BOP rental, 
CT, chemicals and labor. nineenergyservice.com 

Sliding sleeve tool helps operators 
avoid risks
While it is a very widely used completion method, plug 
and perf can have a negative effect on near-wellbore 
permeability, as the impact stress associated with the 
outward traveling shock of a shaped charge weakens the 
rock matrix and increases the risk of sand production. 
The i-Frac system from National Oilwell Varco (NOV) 
helps operators avoid the risks inherent in using con-
ventional perforating methods with explosive charges 
and guns. The i-Frac is a hydraulically operating sliding 
sleeve tool that is threaded in as part of the production 
casing. Using a ball or a coil-conveyed tool, the sleeve is 
shifted, and perforations are exposed to the inner cas-
ing from inside; on the outside, perforations are covered 
up with cement. After this, a pressure increase breaks 
through the cement and initiates communication with 
the formation. A single stage can contain up to 20 i-Frac 
sleeves, with one ball dropped to activate all the sleeves 
and isolate the zone for stimulation treatment. nov.com
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The DynaEnergetics DS Trinity single-plane perforating system 

is up to 3.5 times shorter than conventional perforating guns. 

(Source: DynaEnergetics)

Right, a cutaway of the Kraken tool in a well is 

shown. (Source: Enhanced Energetics)
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Perforating gun system increases safety
Schlumberger’s Tempo instrumented docking perfo-
rating gun system is the industry’s first perforating gun 
system to fully integrate a plug-in gun with real-time 
advanced downhole measurements throughout the 
operation. This unique combination significantly miti-
gates operational risk while increasing 
safety, reliability and efficiency. By generat-
ing and confirming dynamic underbalance 
in the well, the Tempo system effectively 
removes perforation debris to optimize 
productivity. First-year deployments 
include North and South America, the 
Middle East, Europe and Asia. According 
to the company, excellent results have 
been achieved, from understanding the 
wellbore dynamics during perforation to 
achieving a 100% fires success rate on all 
guns deployed without any misfire. In 
Egypt an operator employed the Tempo 
system to improve the efficiency of multi-
zone perforating operations in deep wells 
in the Western Desert. Conventional perfo-
rating gun systems had required significant 
operational time to assemble and arm, and 

their integrity could not always be verified until at per-
forating depth, at which point diagnosing any connec-
tion failures caused lengthy remedial downtime. The 
new plug-in gun simplified design saved considerable 
time, including reducing gun arming time by more 
than half. slb.com/tempo 
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The i-Frac sleeves are ball-drop-activated multistage frac sleeves designed for cemented, multiple open/close and openhole horizontal 

completions. (Source: NOV)

Right, the Tempo system fully integrates a  

plug-in gun with real-time advanced downhole  

measurements for monitoring and confirming  

operations to mitigate risk while increasing safety, 

reliability and efficiency. (Source: Schlumberger)

http://HartEnergy.com
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Amajor operator was working to develop multiple 
wells in the Delaware Basin running a conventional 

Class H tail slurry at 15.6 ppg. The slurry was reaching 
500 psi in 10-13 hours, causing a 2-3 hour wait per inter-
mediate casing job prior to shoe drill-out. At a spread 
rate of $3,200 per hour, the time spent waiting on 
cement was adding up quickly.

The operator realized they needed to achieve com-
pressive strength faster to optimize efficiency on each 
well. However, since conventional strength-enhancing 
additives can result in high slurry viscosity due to small 
particle size and increased surface area, the extra step 
of calculating and adding accelerators at the well site 
would not solve the problem.

Achieving compressive strength up to  
3 hours sooner
The engineering team at Nine Energy Service answered 
this challenge by innovating a new line of cement 
designed to consistently reach 500 psi in less than the 
required regulatory wait time of 8 hours.

Called Rapid Set 1, the mixture combines cementi-
tious materials and specialty additives to achieve ade-
quate thickening and fluid properties for an intermedi-
ate tail slurry within the minimum wait time.

Designed for easy mixing on location, operators can 
combine and pump these slurries at 4-6 bbl/min or 
faster if needed. The first slurry was tested and run at 
a density of 15.6 ppg, which consistently reached 500 
psi in under 6 hours after a dynamic conditioning time 
equal to the placement time (usually 2 hours).

A Micro-Motion densometer, radioactive densome-
ter and pressurized mud scales help to maintain and 
confirm density throughout the process as psi levels 
increase. This uniform consistency allowed the opera-
tor to achieve successful isolations and helped protect 
against short- and long-term failures.

Other operators have run Rapid Set 1 at densities of 
13.5-14.2 ppg for formations requiring a lighter-weight tail 
slurry and have consistently reached 500 psi in less than 8 
hours. In the more than 150 jobs using this formulation 
since its introduction, operators have saved approximately 
$8,000 per well by cutting hours from their wait on 
cement to exceed drill-out time expectations. 

Quick-setting Cement Minimizes Wait Time 
in Delaware Basin, Saves $8,000 per Well
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To learn more,  

visit nineenergyservice.com/rapidset1.
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Rapid Set 1 maintains consistent density throughout the job  

as psi levels increase. Uniform density allows operators to 

achieve successful isolations and helps to prevent short- and 

long-term failures.
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Adin Nand, Zedi 

There has been an increase in the pace of the oil and 
gas industry over the last five years or so. Economic 

cycles have shortened, and the need for internal speed 
and efficiency has grown exponentially. 

With increased speed and efficiency, the requirement 
to make lightning-fast decisions has become common-
place. This means there is an accelerated time frame to 
investigate and implement necessary technologies like 
automation systems.

The industry has already seen software-as-a-service 
(SaaS) business models work well. By allowing service 
companies to make the intricate decisions on technol-
ogy, data acquisition, remote control and more, pro-
ducers gain time to focus on their core business, which 
is to explore and produce oil and gas.

Zedi has grown into the SaaS model with automation 
alongside. A growing number of producers have told 
Zedi that they want to automate procedures for mon-
itoring and controlling (tanks, pumps, meters, etc.), 
but they don’t have time to do the research. Zedi can 
design and install hardware, communication systems 
and software systems that get producers the data, con-
trol and reporting features they need with the speed 
that is demanded in today’s market. Zedi Automation 
as a Service (ZAaaS) can be applied to the monitoring 
of tanks, pumpjacks, gas and liquid flowmeters, gas 
lift, plunger lift, saltwater disposal or almost any other 
upstream automation application.

For a producer to execute a project like this, they 
need to know the best sensors for their tank applica-
tion—not only for gathering the information accurately 
but for communicating to a controller and then eventu-
ally a SCADA system.

Service monitors any upstream  
automation application     
Automation as a service boosts production, improves safety and increases  

operational efficiency. 

Programs like Zedi Go allow users to monitor tank levels and other field operations from a smartphone. With Zedi Automation as a 

Service, the company can set up permission levels to assure data are visible only to authorized personnel. (Source: Zedi) 

http://HartEnergy.com
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There are many tank sensor technologies and man-
ufacturers; however, there is typically a gold, silver 
and bronze standard to develop the right solution 
when economics come into play. Functionally, gold 
standard technologies are going to be more expensive 
but more accurate than bronze standard technologies. 
It takes years of engineering and production experi-
ence to know which tank sensor is truly applicable for 
a given situation. 

Choosing the correct sensor does not stop at func-
tionality and price. Communication is key to an effi-
cient solution—Are there cell towers nearby? Is the 
location so remote that only a satellite modem (more 
costly but universally available) is the right choice? 

Even once that’s chosen, there are decisions about 
the systems reliability, such as the kind of power avail-
able at the site and if a solar power system is needed.

With the industry’s need for faster production oper-
ations increasing and demand for efficiency growing, 
ZAaaS helps relieve the potential performance issues 
and roadblocks of a producer trying to execute on 
their own. The company’s experience allows it to easily 
find best practice solutions ready to install immedi-
ately in a field, which means automation equipment 
is up and running in much less time than it would 
require a producer to navigate complex automation 
learning curves themselves.

Alongside the ZAaaS model, the company hosts cus-
tomer SCADA data in the cloud. Like with SaaS, this 
means customer information and reports are hosted 
and highly secure. They are safe from a legacy system’s 
onsite failure and they are available 24-7-365 around the 
globe to authorized users.

One key factor of this model is that it facilitates scal-
ability. When new wells or other facilities come online, 
Zedi can quickly and easily add assets into the system. 
If a client acquires existing production that is already 
automated, Zedi’s technicians can seamlessly incorpo-
rate those data into the cloud-based system. Should a 
property be sold, the company can work out a way to 
accommodate either transferring equipment owner-
ship or removal. This makes automation as a service an 
important strategy when an E&P company is looking to 
acquire or divest.

It also is important to note that, even though Zedi is 
hosting, all data belong to the client and the client alone.

The benefits to automation itself are many: instant 
data availability for a pump on site can decrease down-
time and increase production, eliminate environmen-
tally hazardous tank spillage and greatly reduce person-
nel trips to the site, which improves a team’s safety.

Before automation, a pumper had to drive to every 
location, whether anything was wrong or not. There 
was always the chance that it would normally be oper-
ating until just after they left, meaning the pump 
could be offline for 24 hours or more before being 
noticed at all—potentially costing thousands of dollars 
in missed production.

With oilfield roads getting more crowded, the safety 
aspect of reduced windshield time is of growing impor-
tance. For a company of any size, automation can 
reduce road time by thousands of hours per year, 
returning many of those thousands of hours to employ-
ees in productive work time. That is in addition to 
reductions in vehicle maintenance and repair costs. 

ZAaaS allows producers to automate tank monitoring and control 

without an upfront capex. (Source: Zedi)
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Satyam Priyadarshy, Halliburton

The oil and gas industry is not a technology-adverse 
industry, even though it may be late in fully embrac-

ing an enterprisewide digital transformation. However, 
unleashing the full economic power of a digital trans-
formation across the E&P phase of the value chain will 
deliver a dramatic, sustained bottom line and top line 
value. Digital transformation will enable better explo-
ration outcomes, safer operations and a better-utilized 
and engaged workforce.

The E&P industry needs a paradigm shift in how it 
adopts and deploys emerging technologies. An engage-
ment model that adapts to the rapidly evolving and 
emerging technologies will be required. With that 
focus, the following are some of the critical steps the 
E&P industry needs to take first. 

Digital journey
An oil and gas industry road map that is at par with the 
Industry 4.0 revolution is needed. The main thrust of 
Industry 4.0 is having smart factories, products and ser-
vices for a continuous transformation of the business, 
thereby generating great economic value. Constant 
transformation is possible as the digital maturity of the 
organization and the industry increases and adopts the 
fundamentals of Business 4.0 to build the road map for 
Oil and Gas 4.0. 

The oil and gas industry has the benefit of learning 
from the digital transformation journeys of other sec-
tors, like the music industry with less complexity and 
the health care industry, which has a similar or higher 
risk profile as the oil and gas industry. The digitally 
mature industries understand that data provide a strong 
foundation to begin their digital journey. They democ-
ratize their data, embrace emerging digital technologies 
at an accelerated pace and enhance their digital matu-
rity score continually. The digital maturity continues to 
grow due to “data-to-value” automation in near-real or 
real-time environments. 

The upstream oil and gas industry started the dig-
ital journey almost 20 years ago, with the concept of 
digital oil fields, “IFields” or “SmartFields.” However, 
it is well known that significant progress has been lim-
ited because of many factors. The top four challenges, 
known as “FEAR,” have prevented or slowed the adop-
tion of real digital transformation in the industry. 

FEAR limiting transformation
F: First principles, science and an engineering-driven 
solution provide a strong starting point for the oil and 
gas industry. However, there are limitations in describ-
ing the observables of the industry that require actions. 
For example, after 80 years of drilling, the root cause 
and predictability of stuck pipe remain as elusive as 
when drilling started. While there are more than 700 
research papers on this topic, the industry has failed to 
build a meaningful solution to address the challenge. 
A careful study of these papers will show that data were 
not fully exploited as they were stored in multiple silos. 

Overcoming the ‘FEAR’ limiting the 
digital transformation     
The oil and gas industry needs to shift its approach to the adoption and deployment of  

digital technologies.

The increased use of ruggedized tablets in the field by  

technicians to access data in real time is one benefit of the  

digital transformation. (Source: Halliburton)

http://HartEnergy.com
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Efficiently sharing cross-discipline data also is a chal-
lenge even today. There are other examples that have 
had similar fates, such as drilling performance or ROP. 
Data-driven innovation is to advance the oil and gas 
industry by leveraging sensors and smart data and aug-
menting the first principle-based foundation to enable 
future growth in the industry. 

E: Emerging technology evolution is at a much faster 
pace than the speed of technology adoption of the oil 
and gas industry. The oil and gas industry giants are 
building Hadoop-based systems (a Big Data storage plat-
form). However, most data-driven companies, outside 
of oil and gas, have already moved away from Hadoop 
in favor of Spark and other modern systems. While 
cloud computing has been adopted and deployed by 
many industries and there are some early adopters in oil 
and gas, there is still much dialogue in the oil and gas 
industry around the ownership of the data on the cloud. 
The overreliance of vendors lacking in-depth industry 
knowledge across domains and instead offering to solve 
problems with generic solutions is a significant prob-
lem. This creates confusion in the marketplace and a 
multifold of technical challenges as the vendor technol-
ogy rarely encompasses the specific needs and domain 
expertise needed by the oil and gas industry. Generic 
industrial and Internet of Things software platforms will 
not perform or scale for the E&P industry’s advanced 
requirements. In the last few years, cognitive computing 
has been talked about aggressively. The industry lacks 
predictive and prescriptive computing for this to work in 
oil and gas. A cognitive system requires a recommenda-
tion from a prescriptive engine that in turn takes advan-

tage of an ensemble of predictive 
scenarios. The first step is for the 
industry to mature in prescriptive 
and predictive computing.

A: An accomplishment of inno-
vative culture in the past is no rea-
son for the current era not to be 
even more creative. For example, 
artificial intelligence and machine 
learning have been used for many 
years now by the oil and gas indus-
try. No one wants to challenge that 
every possible algorithm in the past 
was used. However, it is not the 
algorithm that provides answers; it 
is the integrated data that lead to 
insights. Innovative solutions also 
need new talent. The lack of using 
emerging technologies also will 

ultimately affect the rate and interest of young profession-
als considering oil and gas careers. If the industry fails to 
migrate to new technology, it will lose young professionals 
to those sectors embracing new technologies, furthering 
the loss of an agile and innovative culture. 

R: Reactive addressing is more prevalent in the indus-
try when it comes to increasing the efficiency and effec-
tiveness across the life cycle. A classic example of this 
is in the area of artificial lift. Artificial lift experts are 
interested in the following question: “What is the mean 
time before failure of a given electric submersible pump 
(ESP)?” An operator may have thousands of ESPs in 
current or past use, yet it lacks the critical insights from 
the aggregate data. If the industry or operator had a 
predictive or prescriptive engine, such questions about 
mean time before failure should never arise. The rea-
son the industry cannot answer these questions is there 
aren’t options to look at “data-at-scale” due to cultural 
and data silos that divided into an asset, or field, or well 
or department ownership function. 

While it is good to acknowledge the rise of data-
driven internet giants that create significant value for 
themselves by integrating data from diverse sources, 
perhaps it is time that the oil and gas industry starts to 
pipeline data at least within a company boundary, if not 
industry level. The oil and gas industry is a pipeline 
industry, but it has a fear of data pipelines. The industry 
needs to adopt, adapt and adhere to a smart vision for 
the continuous transformation to achieve real-time 
resource optimization in this digital era and overcome 
the FEAR aspects, as the energy landscape changes due 
to the mix of energy sources. 

The use of digital modeling systems has led to improved designs in field infrastructure.  

(Source: Halliburton)
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Chad Kamann, NatureWorks

While polylactide (PLA) polymers, a bio-based and 
degradable thermoplastic, have been used for 

more than a decade as a diverter to enhance fracture 
stimulation, it has only been in the last few years that 
materials science and best practices have begun to 
reduce the guesswork in diverter application. It is now 
possible to achieve predictable oil and gas production 
enhancements in well after well using PLA diverters. 

“The heterogeneity that exists across the Eagle Ford 
Shale laterals makes it a good candidate for PLA diver-
sion,” said Bill Kreimeier, manager of completions at 
Lonestar Resources. “We’ve been pumping diverter 
for over two years on our wells and have documented 
a 15% to 20% enhancement in cluster efficiency from 
using PLA diversion.” 

“If an operator is not seeing positive results with a 
PLA diverter, there is something amiss,” added Brad 

Todd, owner of Completion Science. “Our advice is for 
operators and their service providers to work with an 
experienced adviser on a plan for increasing effective-
ness. It’s a rare occurrence when best practices do not 
help increase production.”

Degradable polymer for diverters
In Blair, Neb., starch milled from field corn, grown 
solely for industrial use, is hydrolyzed and fermented 
into L-lactic acid, the building block of PLA. Then, at 
the NatureWorks 150,000-metric-ton processing facility 
in Blair, the L-lactic acid is converted into lactide mono-
mer and then polymerized into PLA resin, marketed 
under the brand name Ingeo. 

Ingeo PLA resins are produced in various grades 
optimized for a wide range of consumer and industrial 
applications. Using the toolbox of lactide monomers 
available, NatureWorks can tune the rate of degradation 
of PLA grades to provide the desired downhole perfor-
mance over the range of 49 C to 149 C (120 F to 300 F). 

Material details
PLA grades can be tailored to the 
desired degradation rate for the 
temperature of the well and are 
commercially available with different 
degradation rates. For optimum 
results, the correct PLA grade must 
be selected based primarily on down-
hole temperature and usage time. 
Because it is thermoplastic, PLA can 
be converted into various sized pel-
lets, powder, flake and other poten-
tial shapes that can be mixed and 
matched for various fracture config-
urations and can be delivered to the 
desired downhole location with little 
or no agglomeration or mass loss. As 
such, they can deliver more stable 
forms of solid acid equivalents, as 
required in acid fracturing, where 
the controlled release of acid can be 
achieved as PLA hydrolyzes. 

Key practices for increasing well 
stimulation with PLA diverters  
Production enhancements of up to 20% are achievable using PLA-diversion best practices.

FIGURE 1. The degradation rate of Ingeo PLA can be tuned to provide the desired mass 

loss performance in days within different downhole temperatures.  

(Source: NatureWorks)
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With proper grade selection, any residuals will be a 
hard, friable, nonsticky powder that does not adversely 
impact the permeability of the formation. Testing has 
shown 100% regain to oil for the DH1000 low-tem-
perature grade. Once the PLA material has performed 
the desired downhole function (e.g., diversion), it 
hydrolyzes to generate oligomers of progressively lower 
molecular weight, which eventually become soluble in 
an aqueous hydrolysis medium with no scaling observed. 
The final product of hydrolysis is lactic acid, which is a 
natural product and generally recognized as safe by the 
U.S. government. 

Diverters and the path of least resistance
If rock formations were uniform in composition and 
stress levels, every perforation would respond to high 
hydraulic pressures to produce fractures that receive 
proppant throughout their length creating maximum 
stimulation. However, the reality is that the lack of uni-
formity leads to some fracture networks expanding and 

reducing the pressure for unequal stimulation within a 
stage. In other words, fracturing fluids containing prop-
pant will follow the path of least resistance, leaving some 
fractures overstimulated and some understimulated. 

The concept behind diversion relies on temporar-
ily blocking the high flow and low-pressure network. 
Blockage increases pressure in the stage, allowing all 
clusters within a stage to be fractured and receive frac-
turing fluid containing proppant, thereby developing 
robust fracture networks with a high stimulated reser-
voir volume. 

Diversion has led to increasing the number of clus-
ters per stage, which saves time and money as fewer 
frac plugs are set and need to be removed before 
the well goes to production. Diverters are being used 
to increase near-wellbore cluster efficiency and to 
the limit connection between parent and child wells 
because of far-field stimulation. 

PLA diverters are being used to complete wells with 
casing and wellbore issues, particularly when the well 

http://HartEnergy.com
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casing is deformed or parted, which limits where frac 
plugs can be set. PLA diverters can be used in sections 
where casing was unable to be run to bottom, leaving an 
openhole section and frac plugs that are not an option. 
Refracking older wells is another application making use 
of diverters.

PLA diverter versus pumping sand
To achieve the highest stimulation using PLA diverters, 
it is vital that the diverter supplier, service provider and 
operator adhere to diversion best practices. For example, 
service providers and operators should utilize the correct 
grade of PLA diverter to achieve 50% mass loss within a 
useful time frame at a given downhole temperature. Aim-
ing for the fastest degradation is not always the best deci-
sion. For example, when refracturing a well, the diverter 
needs to remain in place until the entire well is stimu-
lated. Every well and need is different, so it is important 
to review the degradation information with the PLA 
diverter supplier. Figure 1 shows degradation rates versus 
well temperatures of various tuned PLA grades. 

Following the identifi cation of the appropriate PLA 
grade, the ideal mix of shapes and sizes of the diverter 
should be determined. The reason for considering a 
mix of pellets, powder or fl ake rather than a uniform 
formulation is that the various shapes will bridge a 
fracture and then fi ll in tightly around the bridge. For 
example, a mixture may contain 10 parts large parti-
cles (8/16, 12/20 mesh), four parts medium particles 
(20/40, 30/50 mesh) and two parts fi ne particles (4/70, 
100 mesh) (Figure 2).

Todd recommends using larger pellets near the well-
bore where the fractures will be wider and then using 
progressively smaller sized pellets and powders farther 
from the wellbore. 

“The fi rst question we ask a client is whether the 
application will be near-wellbore or far-fi eld,” Todd 
said. “And if it’s near-wellbore, then we ask what the 
largest particle is that the pumps can accommodate. 
From there, the sizing takes care of itself. For far-fi eld, 

normally the solution is in the smaller particle distri-
bution range.”

It is important to know or determine the hardness 
of the rock formation because the harder rock is more 
likely to use less diverter than softer rock. Service pro-
viders and operators can use this information to gauge 
the amount of diverter to initially pump. 

The use of diverters is more about application, feed-
back and adjustment than it is simply about application. 
To get the most stimulation from diversion, take feed-
back readings after pumping and adjust accordingly. 
While there is a slowdown in pumping when using a 
near-wellbore diverter, the uptick in production should 
compensate for that. 

“We work with an excellent engineer who really under-
stands the science of fracking,” Todd said. “He routinely 
does step-rate testing to calculate the number of open 
perforation holes. This takes time. But he is meticulous 
on location about pumping procedures and making sure 
he teases every bit of information from a well to help him 
continue to improve design and maximize stimulation.”

“PLA diverters properly designed will enhance 
stimulation effi ciency and reduce completion costs,” 
Kreimeier added. “If there is the attitude that fracking 
is a cookie-cutter process, then companies are leaving 
money in the ground.”

Both Todd and Kreimeier agree that one pill size 
does not fi t all and that using the same PLA grade and 
particle mix interwell is not optimum. 

“PLA diverters are relatively new,” said Charles 
Busceme, marketing manager at A. Schulman. “In our 
estimation, greater attention to the process and exper-
tise in delivery will lead to improved results. And, as the 
industry progresses, the supplier community is laying 
the foundation for new solutions.” 

FIGURE 2. Tightly packed mixed particles with various shapes will bridge a fracture and then fi ll in tightly around the bridge. 

(Source: NatureWorks)
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Matthew S. Jones and Michael Newman,  

Woodard & Curran

E&P activities off the coasts of Texas, Louisiana, Missis-
sippi and Alabama are regulated by the U.S. Bureau 

of Ocean Energy Management (BOEM), under the 
authority of the Secretary of the Interior. If an E&P plan 
has projected pollutant emissions greater than BOEM’s 
“exemption threshold” for the plan (a factor related to 
the distance of the plan offshore), it requires an air qual-
ity review. These air quality reviews employ sophisticated 
modeling of pollutant transport and dispersion to deter-
mine their effect onshore. The offshore E&P community 
performing air quality reviews has been anticipating a 
significant shift in approved pollutant modeling tech-
nology that will transform a typical air quality review into 
a highly complex computational analysis. This is due 
to a concerted push by regulators (both onshore and 
offshore) to evaluate the effects of a complicated set of 
pollutants called secondary pollutants.

Secondary pollutant effect
An offshore E&P air quality review under BOEM is 
required to examine so-called “primary” pollutant 
effects onshore. In other words, one reviews the 
increase in the concentration of pollutant “X” onshore 
due to sources of pollutant “X” emissions within a proj-

ect. However, expanded reviews of “secondary” pol-
lutants are likely in store for offshore projects in the 
not-so-distant future (Figure 1).

Secondary pollutants are produced by chemical inter-
actions of primary pollutants and other compounds 
that already exist in the ambient air. One example of 
a secondary pollutant is ozone (O

3
), which can be cre-

ated from the combination of nitrogen oxides (NO
x
) 

and volatile organic compound (VOC) emissions from 
a project (i.e., the primary emissions), other ambient 
gases like oxygen (O

2
) and sunshine. To assess a proj-

ect’s quantitative effect of increasing ozone onshore, 
one would need to model the project’s primary emis-
sions using a model that accounts for the in situ chem-
ical reactions of the emissions while they disperse and 
are transported by the wind.

Quantum shift of complexity
Regulatory agencies appear to be moving toward a mod-
eling approach called photochemical grid modeling 
(PGM). This technology, while a significant advance 
in the dynamic representation of long-range transport 
and chemical interactions of a project’s emissions, is 
a quantum shift of complexity for compounding rea-
sons—sophisticated encoded chemical mechanisms 
using a substantial amount of input data requiring more 
extensive computational resources.

The chemical reac-
tions that comprise 
the pathway of primary 
pollutants (e.g., NO

x
) 

to secondary pollutants 
(e.g., O

3
) are complex 

and involve feedback 
reactions (NO

x
 and 

O
2
 gas leading to the 

creation of other NO
x

compounds that in turn 
could produce more 
O

3
) that are accounted 

for in a PGM. Today’s 
PGMs involve the con-
sideration of chemicals 

Quantum shift in pollution modeling    
Advances in air pollution modeling technology are making their way into industry  

regulatory requirements, and operators should have a working knowledge of the  

complexity and demands of these tools.

FIGURE 1. Primary pollutants like NO
x
 and VOC emitted from a project combine with ambient gases to form 

O
3
. (Source: Woodard & Curran)
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generated from lightning strikes, sea 
salt, windblown dust, biogenic emis-
sions and other highly dynamic and 
nontrivial interactions within the 
atmosphere. By contrast, primary 
pollutant modeling considers very 
basic or no chemistry and often only 
evaluates the transport and disper-
sion of the emitted pollutant across 
the model domain (Figure 2).

Robust 3-D gridded datasets of 
meteorological information (e.g., 
winds, temperature, humidity and 
pressure) also are required in PGMs 
to drive the downfl ow chemistry 
and mix the ambient air. These 
data should span multiple years to 
represent the climatological forcing 
of the area of interest and requires 
use of independent meteorological 
models (themselves a set of complex numerical pro-
grams) to generate the necessary inputs to PGMs. By 
contrast, primary pollutant modeling often 
only uses scattered weather observations over 
the area of interest.

The complex chemistry considered in 
a PGM requires signifi cant input data of 
regional emissions. National emissions 
datasets are freely available for past years 
that can be leveraged to represent the 
concentration of other chemically reactive 
compounds in the ambient air. Figure 3 
shows typical emission sources used as input 
to PGM systems for a sample E&P project 
in the Gulf of Mexico. By contrast, primary 
pollutant modeling often needs just the 
project’s own emissions and discrete back-
ground monitor values. 

Computational resources
The complex chemistry and copious input 
data of a PGM system all naturally lead to a 
large draw on computational resources to han-
dle the necessary data processing and model 
iteration. Some industry practitioners estimate 
that roughly 10 times the amount of process-
ing power, memory and storage space needed 
for standard primary pollutant modeling is required to 
run a PGM. While this seems daunting, today’s cloud 
computing environments, such as Microsoft’s Azure or 
Amazon’s Web Services clouds, are available and ame-

liorate much of the challenge of the 
increase of necessary resources.

The coming shift to the BOEM-
regulated offshore E&P market 
in approved air pollution modeling 
technology will usher in potential 
advances in the science and under-
standing of offshore emission effects 
over land. However, along with 
those possible steps toward n 
improved scientifi c representation 
of air pollution, there are certain 
steps toward increased complexity 

and essential resources with protracted schedules that 
offshore operators will need to navigate. 

FIGURE 2. A PGM includes highly complex 

interactions of myriad natural chemical 

mechanisms to formulate the reaction of 

primary pollutants into secondary pollutants 

while undergoing transport. (Source: Woodard 

& Curran)

FIGURE 3. Emission data were required as input to a PGM to evaluate secondary 

pollutant impacts from an offshore project in the Gulf of Mexico. (Source: EPA data; 

map by Woodard & Curran)
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Calvin Jory, Olympus

When discussing corrosion on offshore oil plat-
forms, marine drilling risers are a key area of 

interest. Marine risers form the link between the 
seabed pipeline or well and topside processing equip-
ment. They are the primary method used to transport 
hydrocarbons from the ocean floor to the host facility 
and also are used to introduce external media, such 
as chemicals or water, into the wells. A riser’s splash 
zone—the section of the conduit that is immediately 
above sea level—is subject to constant wetting and 
drying. This wetting and drying combined with defects 
in the riser’s protective coatings can contribute to cor-
rosion. Platform managers are concerned about this 
corrosion because it can reduce the wall thickness and 
threaten the structural integrity of risers. Contents of 
risers can be pressurized, and a riser’s failure could 
release hydrocarbons into the environment. Assessing 
the remaining service life of aging risers is often depen-
dent on corrosion monitoring with nondestructive 
testing (NDT) technologies. Although there are several 
NDT methods used for this application, conventional 
ultrasonic testing is often the most convenient and 
cost-effective method.

Corrosion inspection methods using  
conventional ultrasound
Two corrosion inspection methods use conventional 
ultrasound. The first is the point measurement method 
using an ultrasonic thickness gauge. The point measure-
ment method is used to monitor remaining wall thick-
ness through precision thickness measurements taken in 
a defined pattern and repeated over time. This method 
is effective for periodic corrosion monitoring and pre-
cision measurements of discrete defects but is not well 
suited for identifying neighborhoods of corrosion, corro-
sion-induced cracking or other flaw mechanisms.

The second method uses an ultrasonic flaw detector 
to scan a suspected corroded part for pits and corro-
sion-induced cracks and to support length sizing and 
characterization of detected defects. Compared to the 
first method, this technique is better suited for finding 

and sizing isolated defects, but less effective at making 
high-precision thickness measurements to aid in peri-
odic corrosion monitoring.

Two methods merged into one
Inspectors benefit from an instrument that combines 
the capabilities of an ultrasonic thickness gauge and a 
flaw detector. One example is Olympus’ EPOCH 6LT 
flaw detector with corrosion software. It enables the user 
to switch between a thickness gauging measurement 
algorithm and a flaw detection measurement algorithm. 

Conventional flaw detectors typically use edge or peak 
gate detection modes, where the instrument records 
a thickness measurement based on where the edge 
of the echo crosses the gate or the peak of the gated 
echo, respectively. Edge measurement accuracy can be 
affected by the echo amplitude and surface conditions, 
while peak detection can be insensitive to small pits. 

The instrument’s corrosion software uses the zero-
cross measurement algorithm typically used by corrosion 
gauges when operating in corrosion mode to improve 
accuracy. This measurement algorithm measures from 
the zero-crossing point of the first signal that breaks the 
detection threshold, resulting in less sensitivity to fluctu-
ations in coupling and amplitude. This increased stabil-
ity helps ensure greater precision when taking thickness 
measurements. Using an instrument that combines the 
important functionalities of a precision thickness gauge 

Ultrasonic testing rises to the challenge
A new device combines two nondestructive testing methods into one for improved  

offshore platform rope access inspections.

The EPOCH 6LT flaw detector with the rope access kit is uniquely 

suited for use in offshore inspections. (Source: Olympus)
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and a fl aw detector enables NDT inspectors to rely on 
one tool for a wide range of conventional ultrasonic 
testing corrosion inspections. Users can scrub for pitting 
and size defects in fl aw detection mode and switch to 
corrosion mode to make reliable and accurate measure-
ments of remaining part thickness. 

Complexities of inspecting offshore risers 
Marine risers pose a challenge for NDT inspectors 
and their equipment. Offshore platforms are subject 
to harsh weather conditions, and their risers, which 
extend from the topsides through the splash zone to 
the seafl oor, also are vulnerable to the tides and waves. 
A full external examination of a riser is complicated by 
the different conditions the system passes through and 
any marine growth that may be present on the riser. For 
topside inspection, a rope access team would normally 
be required, while an ROV or divers would be needed to 
complete a subsea inspection.

For rope access inspections, instrument size and 
weight are a key concern. Rope access inspectors keep 
their inspection equipment attached to them at all 
times, and they need to keep their hands free to oper-
ate their safety equipment, which is why they prefer 
lightweight, multi-use equipment. 

The EPOCH 6LT fl aw detector is suited for offshore 
corrosion inspections. This instrument is ingress pro-
tected, drop tested and engineered to strict environmen-
tal ratings to withstand the challenging environment of 
an offshore platform. The tool weighs less than 2 lb and 
supports software that enables it to function as both a 
conventional fl aw detector and a corrosion gauge. 

Rope access corrosion detection and wall 
thickness gauging 
To perform a corrosion inspection with the EPOCH 
6LT fl aw detector, users fi rst need to enable the corro-
sion software module. The instrument should be cali-
brated in both corrosion mode and fl aw detection mode 
for the intended material, inspection range and general 
sensitivity to ensure accurate and repeatable measure-
ments. Pulser and receiver settings are automatically 
optimized for supported dual-element transducers when 
they are plugged into the instrument.

After performing a two-point depth calibration in 
both corrosion mode and fl aw detection mode, the user 
can enable grid view, select color and set low- and high-
range thickness values based on the inspection require-
ments. The number of columns and rows in the grid 
can be customized to fi t the inspection requirements. 
The grid view feature is intended for use in corrosion 

mode, while using the point measurement method to 
record precision thickness measurements, and acts as a 
visual aid for monitoring corrosion.

When the instrument has been properly calibrated, 
the user selects fl aw detection mode and couples the 
transducer to the inspection material in an area with-
out corrosion to determine the depth of the back wall. 
Once the back wall signal is identifi ed, the user can 
scan the part while monitoring the A-scan for a change 
in back wall thickness or the appearance of an echo 
before the back wall signal, which could indicate poten-
tial cracking, pitting or corrosion.

Having identifi ed a potential defect, the user can 
then switch the instrument to corrosion mode to 
measure the remaining part thickness. If grid view is 
enabled, thickness readings saved into the grid will be 
color-coded based on the specifi ed low and high thick-
ness ranges.

Modern advancements in corrosion software offer the 
best of both worlds of corrosion inspection. By provid-
ing essential corrosion gauge and fl aw detector func-
tionality in a highly portable instrument, devices like 
the EPOCH 6LT fl aw detector with corrosion software 
help make rope access corrosion inspections safer, 
more accurate and effi cient. 

An EPOCH 6LT displaying corrosion inspection results provides a 

useful visual aid in determining corrosion. (Source: Olympus)
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Ran Merkazy, Lloyd’s Register

E ffective HSE management is more crucial than ever, 
especially in the high-risk, capital-intensive sectors, 

from oil and gas to transportation. A single HSE inci-
dent can disrupt business operations and even damage 
corporate reputation. The issue is less about the lack of 
safety data, which are ever growing in a digital age, and 
more about how to best use the plethora of information 
that is frequently gathered—applying data science and 
artificial intelligence (AI) pointing the way forward. 

HSE reporting trends
HSE incidents were traditionally logged on paper, 
meaning data existed but not really in a usable format. 
As digital tools for managing HSE issues evolved, the 
profession has moved to a transitional maturity stage. 
In the best-case scenarios, digitized capture systems and 
supporting HSE procedures are applied in a structured 
way, giving organizations the assurance that critical risks 
are being recorded and better managed. 

These new HSE engagement programs are generat-
ing vast amounts of disparate HSE data, all of which 
need to be reviewed and analyzed. What is more, the 
level of data is set to grow. The increasing input of 
employees in shaping risk assessment and management 
is a future pattern as organizations adopt a human- 
centered approach at a corporate and strategic level. 

Handling all this information is proving problematic, 
but there are solutions ahead. Advanced technology 

is already emerging from unlocking fresh insights and 
creating new value for businesses. Before looking for-
ward, it would be worth reflecting on the current land-
scape (Figure 1).

Missed opportunities 
Although most companies today capture HSE incidents, 
many struggle to absorb and understand the data in 
their possession. Emerging risks and safety issues are 
missed. Actionable insights remain hidden. The oppor-
tunity to put in place plans to prevent HSE issues from 
being repeated is lost. Most organizations have too 
much HSE data and too little time to investigate it. 

The range of datasets generated by workforce safety 
reports, near miss reports, permits to work, job hazard 
analysis, audits, inspections and observations is rarely 
integrated. There is no single repository to mine for 
HSE insights. Often the most useful information stays 
locked away in the free-text description of the incident, 
where the clues lie as to the root causes of the incident. 

Without an integrated HSE source, analyzing safety 
data is labor intensive and highly inefficient. For these 
reasons, Lloyd’s Register (LR) estimates that more 
than 75% of company data, even when available, 
cannot be easily analyzed. This challenge is exacer-
bated by three further factors. Companies operating 
in high-hazard industries have HSE procedures in 
place, but they tend to be individual procedures, 
isolated from one another. This makes it extremely 
difficult to see the bigger picture across the organi-
zation—behaviorally, geographically and historically. 

Some organizations also can experience 
difficulties in standardizing, collecting and 
digitizing safety data. Thirdly, data gather-
ing is often not targeted correctly to detect 
and monitor significant risks and draw out 
game-changing insights (Figure 2).

Organizations can use advanced tech-
nology solutions to leverage the power of 
their data, creating a leading-edge, predic-
tive approach to HSE management. Rapid 
progress in data science, powerful comput-
ing and enhanced algorithms, including 
machine learning and AI, are all playing a 
part in this evolution. 

A bright new era for HSE management
Digitized systems help companies capture and better understand HSE incidents.

FIGURE 1. HSE management has evolved from paper-based systems to digital  

systems with predictive analytics. (Source: Lloyd’s Register)
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Five leaps forward
Integrating data fully. Through digitization, organizations 
can seamlessly integrate separate datasets across all sorts 
of formats into a data lake. With integration, organiza-
tions also can draw additional insights from their exist-
ing organizational data. 

Adding sensor data. Richer context, beyond tradi-
tional reporting techniques, enhances risk prediction. 
Sensor technology is introducing informative new 
images to HSE management and enabling body-con-
dition monitoring of people, equipment and assets. 
These developments are helping to provide action-
able and often real-time insights into HSE risks and 
incident management. LR has, for a while now, been 
testing a variety of new technologies through its inno-
vation teams and SafetyTech Accelerator. This has 
produced several new partnerships between LR and 
providers of technology in the area of video hazard 
analytics, personal protective equipment monitoring, 
locations and vital signs monitoring.

Applying predictive analytics. Advanced data and digital 
tools enable the organization to identify and analyze 
the direct causes of incidents at scale, presenting a 
clearer picture of where to focus HSE efforts. Fresh 
insights gathered are helping to identify issues that 
were previously unknown and prevent safety risk inci-
dents from happening.

Using AI. Up to 80% of accidents result from human 
error. However, human behavior has been hard to 
measure to date. AI is being used for advanced text 
analytics. The LR SafetyScanner, a natural language 
processing technology system, automatically generates 
categories of hazards using this approach. The results 
reveal previously hidden insights.

Along with text 
analytics, vision and 
vital-signs analyt-
ics also are being 
adopted. Human 
interactions and 
negative physical 
conditions, such 
as fatigue and heat 
exhaustion, can now 
be understood in 
the context of risks 
and incidents. A 
previously unobtain-
able detailed level 
of insights is help-
ing to enhance HSE 

strategies and processes from a very human perspective.
Seeing data visually. New dashboard technologies are 

making it easier to identify, investigate and commu-
nicate key insights, informing better decision-making 
and building greater awareness of critical HSE issues. 
Introducing advanced analytics to the mix gives HSE 
professionals a powerful tool at their fi ngertips to spot 
emerging risks and patterns.

For many organizations, HSE management is already 
on a transformational path. By adding advanced data 
science and AI to HSE management, organizations can 
bring all the relevant information they need together in 
one place. With a single view of HSE matters, priorities 
can be identifi ed and efforts focused in the right areas, 
reducing incident rates and providing assurance that 
critical HSE risks are recorded and well-managed. 

Education fundamental
The adoption of technology will be critical in creating a 
safer workplace, but the importance humans play here 
should not be neglected. Internal education remains 
fundamental. When reporting an incident, for instance, 
LR asks employees to categorize the type of incident 
they encountered, helping the company’s specialists 
analyze the event. About 20% of personnel choose the 
“other” category, making it diffi cult to understand what 
is being reported. Even AI will struggle to make sense of 
ambiguous data. 

FIGURE 2. The process of extracting insight from data, while complex, can help a company see the bigger 

picture across the organization. (Source: Lloyd’s Register)

Have a story idea for Operator  Solutions? This feature 

highlights technologies and techniques that are helping 

upstream operators overcome their challenges. Submit your 
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Brenden Grove, Avrami Grader, Naum Derzhi and  

Jacob McGregor, Halliburton

Considering the important role that perforation labora-
tory testing can play in establishing field completion 

strategies, and thus ultimately well performance, efforts are 
underway to further strengthen the link between labora-
tory results and field well performance predictions. Some 
of these efforts focus on integrating advanced diagnostic 
and computational tools (namely computed tomography 
[CT], and pore-scale flow simulation) into the perforation 
testing workflow. This integration enables local variations 
in permeability and porosity to be identified and quanti-
fied, thus improving the interpretation of perforation labo-
ratory results, and ultimately the translation of these results 
to the downhole environment. 

CT techniques have been used for core analysis, 
characterization and flow visualization since the early 
1980s. This application has increased dramatically since 
2012, following the installation of a CT scanning system 
on site at a perforating laboratory facility. As a result, 
this nondestructive technique has become a preferred 
method. Coinciding with this development has been the 
advancement and application of micro-CT technology 
to better understand pore-scale phenomena, both near 
and away from the perforation.

Halliburton conducted two experiments in which 
stressed rock targets were perforated under significantly 
different conditions. The first experiment involved 
perforating a moderate strength sandstone core under 
conditions that retained substantially all perforation 
damage, thus preserving the “crushed zone.” Micro-CT 
analysis of different locations within the crushed zone 
region revealed significant compaction, with porosity 
reductions ranging from 10% to 50% below that of 
the native rock. Permeability at one of these selected 
locations was determined and found to be reduced by 
about 35% below the native rock value. The second 
experiment involved perforating a very high-strength 
sandstone core under conditions intended to produce 
full cleanup.

The strong link between perforation performance 
and reservoir performance is well established. The 

importance of laboratory testing in optimizing field 
perforating strategies also has been demonstrated by 
multiple researchers. Recent advances in laboratory 
techniques (namely integration with advanced diagnos-
tic and computational tools) are rendering perforating 
laboratory results even more valuable to asset owners. 
The ability to conduct tests and interpret and apply the 
results to downhole is becoming an increasingly import-
ant element of well development processes.

To this end, an effort is underway to integrate perfo-
ration laboratory testing, CT and pore-scale flow mod-
eling. The goal of this effort is to enhance the interpre-
tation of laboratory perforation and inflow test results 
and their application to the downhole environment. By 
quantifying and accounting for local variations in per-
meability and porosity, laboratory results can be more 
meaningfully linked to actual reservoir performance.

The judicious selection of plug location(s) along the 
perforation enables the determination of permeability 
variations near (versus far away from) the tunnel wall and 
along the tunnel length. This determination becomes 
critically important when translating inflow results to 
downhole, where the total inflow into the tunnel is 
matched in importance by the inflow distribution along 
the tunnel length. For example, in the downhole envi-
ronment, an increment of inflow is more valuable at the 
tunnel tip than at the base as a result of near-wellbore 
effects, such as radial convergence and formation dam-
age; in the laboratory, however, they are generally indis-
tinguishable as a result of the absence of these effects.

First perforation test
A Berea sandstone core was perforated by a 39-g HMX 
deep-penetrating (DP) charge, as would be typically 
fired from a 45

⁄8-in. or 7-in. gun. Core saturation and 
wellbore fluids were both odorless mineral spirits, a light 
hydrocarbon commonly used in laboratory studies.

Quantitative volumetric analysis of the micro-CT sam-
ples reveals interesting features:

• The virgin rock porosity in this subregion is deter-
mined to be about 21.5%. This value is consistent 
with the known porosity range typical of Berea 
sandstone and is virtually identical to the 21% value 

Advances in perforation damage, 
cleanup and in	ow performance  

Improvements in laboratory testing are helping to better determine perforation damage.
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measured for the full 7-in.-by-24-in. core before 
testing; and

• The crushed zone porosity in the selected subregion 
was determined to be 10.5%, about half the virgin 
rock porosity.

The porosity values previously described are the poros-
ities detectable at this resolution. It is possible 
that further refinement of the scanning reso-
lution would increase the detectable porosity. 
For the virgin rock, the near-exact match with 
measured porosity suggests this resolution 
level is adequate; however, for the crushed 
zone, if microporosity is present, then further 
refinement would be necessary to detect it. 
Figure 1 shows a montage of CT and micro-CT 
scan images and derived rock properties.

Second perforation test
A Crab Orchard sandstone core was per-
forated by a 26-g HMX DP charge. Core saturation 
and wellbore fluids were both odorless mineral spirits. 
This test featured a large initial static underbalance of 
8,500 psi. Immediately following the shot, the wellbore 
pressure decreased by an additional 5,000 psi before 
recovering, exposing the tunnel to a total dynamic 
underbalance of approximately 13,500 psi. This condi-
tion would be expected to substantially clean the per-
foration and flush the tunnel (although relatively little 
laboratory cleanup data exist for such strong rocks at 
uniaxial compressive strengths greater than 20,000 psi).

The whole-core scan of the Test 2 sample confirms 
that the tunnel is substantially empty with only trace 
amounts of liner material embedded in the rock near 

the tip region. The perforation was next overcored to 
a 2¼-in. diameter sample, which was rescanned with 
optimized settings. Comparing images of the tunnel 
obtained from the 7-in. and 2¼-in. samples, the opti-
mized scan settings with the smaller sample reduce noise 

and begin to reveal finer details near the tunnel wall, 
particularly, a thin altered zone near the entrance and 
fine fractures near the tip.

A disk was cut from the 2¼-in. sample and res-
canned at increased resolution (37 µ). It clearly 
reveals a thin zone (approximately 0.5 mm to 1 mm 
thick) near the tunnel wall. This zone appears to be 
a final increment of the perforation damaged region 
that was not completely removed (although it was sep-
arated by a small fracture).

An approximately 4-mm plug was next cut from 
the side of the perforation tunnel and analyzed by a 
micro-CT scan. Figure 2 shows the resulting 3.4-µ res-
olution images, which reveal the pore structure in the 
crushed zone and adjacent virgin rock. In the far right 
image, the connected porosity has been shaded blue. 
The absence of connectivity in the top layer confirms 
the compacted/permeability impaired nature of this 

thin remaining crushed zone.

Findings and future work
Ongoing work aims to expand these findings and capabili-
ties. A main effort going forward centers on simulating 
core-scale perforation inflow, incorporating the localized 
rock property variations determined as described in this 
article. Additional property variations away from the perfo-
ration (e.g., natural heterogeneity and/or anisotropy that 
often exist in reservoir well core samples) also will be taken 
into account. Such localized variations, both near and away 
from the perforation, are generally not taken into account 
in typical American Petroleum Institute Recommended 
Practice 19B Section 4 test programs. Consequently, this 
ongoing effort will ultimately strengthen the relevance of 
Section 4 results to the downhole environment. 

RESERVOIR  

CHARACTERIZATION

FIGURE 1. CT and micro-CT scan images of the near-tunnel region from 

Test 1 with derived porosity and permeability values at selected locations 

are indicated. (Source: Halliburton)

FIGURE 2. Left, a sketch and photo indicates location of a 4-mm plug extracted for  

subsequent micro-CT analysis as part of Test 2. Right, micro-CT scan images at 3.4-µ 

resolution are shown. (Source: Halliburton)
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Philip Neri, Energistics

Reservoir software, from seismic interpretation 
through petrophysics, reservoir characterization, 

modeling and dynamic fl uid simulation, has evolved 
considerably since the 1980s. Geoscientists and engi-
neers have adopted a mix of platform software suites 
and specialized software tools—the former to handle the 
workfl ow from inception to fi nal results and the latter 
to access specialized capabilities. 
Users were burdened with the 
back-and-forth movement of data 
using simplistic export/import 
fi les such as LAS, character-based 
grids or one-on-one connection 
utilities. Such transfers and the 
necessary verifi cations and cor-
rections around the incoming 
data are time-consuming, so asset 
teams have typically limited the 
mix of software solutions to retain 
control of the process and avoid a 
resource drain.

Two challenges have emerged. 
The fi rst is cloud computing and 
the migration of applications to 
the cloud as well as the shift from 
monolithic application suites 
to smaller software applications 
based on the micro-services con-
cept. The second trend is market 
diversifi cation, with the emer-
gence of a number of small, spe-
cialized E&P software companies 
as well as artifi cial intelligence, 
machine learning and other data analytics solutions.

For more than 20 years, the industry has been work-
ing on a better integration of different reservoir and 
subsurface software, starting with the 1990s RESCUE 
data exchange initiative. More recently, the develop-
ment of RESQML, within the industry data standards 

consortium Energistics showed substantial gains in 
scope and maturity starting in 2009.  

A mature standard
The RESQML standard is published and usable without 
fees. However, adoption on the sole technical merits of 
a standard can take time, so a number of software devel-
opment companies participating in the special interest 
group overseeing RESQML organized a live demon-
stration of a workfl ow using one each of their software 

products. This pilot involved six 
software entities, supported by a 
Gulf of Mexico operator and its 
partner, which made a whole fi eld 
dataset (seismic, wells and grids) 
available for the pilot. This was 
designed to be the fi rst multiclient, 
multi-application, multicloud live 
demonstration covering subsurface 
modeling workfl ows.

Figure 1 shows fl aws associated 
with a data transfer lacking proper 
reference and cross-operating 
system compatibility. The surface 
grids are correct, but the well data 
lacks a depth reference, and the 
cube is upside down due to a point 
of origin discrepancy. Finally, 
some data are incorrectly scaled 
due to different binary data repre-
sentations between Windows and 
Linux. A data exchange standard 
is a single comprehensive self-de-
scribing format (it can be accessed 
independently of any software 
product). It also is independent 

of operating system specifi cities, exposes data schemas 
within the format and provides identifi ers so that data 
are always tied to the right geoscience or engineering 
objects. Modern data exchange standards are also rich in 
metadata, ensuring recipients of the data can correctly 
position and scale the data.

Live demonstration displays merits 
of reservoir software data standard  

A pilot test of six reservoir software platforms using the RESQML standard 

improves data integration between platforms. 

FIGURE 1. A distorted 3-D subsurface model 

becomes useless due to data exchange issues 

affecting the reference system and wells. 

(Source: Energistics)
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Demonstrating operability of a data 
exchange standard
The six selected software platforms each offer a wide 
range of functionalities; however, for the purpose of 
demonstrating transfers of the subsurface model and its 
data, each software was used to perform only a few steps 
in the workflow (Figure 2).

For each of these steps, data were exported in the 
form of a RESQML file, and the next step would start 
by reading data from the RESQML file. All the software 
and data were located in the cloud using two different 
providers. The overall demonstration, performed in 
front of an audience at a major trade show in 2018, 
involved specialists from each software company operat-
ing their respective products. The time to perform the 
overall workflow, including import and export of the 
data at each step, was less than 45 minutes. 

Impact on innovation
The use of standards makes existing workflows and 
multivendor portfolios more efficient. However, a 
greater benefit is the increased access to innovation. 
Startups, academic ventures and internal software 
developments all share the same predicament in a 
multiple vendor IT ecosystem: to integrate their inno-
vations into a production environment, considerable 
time and resources are needed to build and maintain 
software bridges to each system. 

An industrywide data exchange standard removes this 
barrier and makes it quicker, more reliable and more 
efficient to diversify the sourcing of technology tools, 
as long as they comply with the standard. The focus 
becomes the pursuit of innovation in solving E&P prob-
lems and the speed at which innovations are deployed 
to operational business units.

The oil and gas industry was late in 
adopting the migration of software 
and data to the cloud. The cloud 
significantly changes the dynamics of 
scientific and engineering software; 
data become a pooled asset with stan-
dardized access utilities that support a 
broad portfolio of specialized tools. 

The demonstration followed a 
pre-established flow from one soft-
ware product to the next. 

However, it would be easy to add 
other compliant applications to per-
form additional steps, substitute one 
product with another, or skip some 
steps entirely as users see fit. With 

write (output) and read (input) steps that define data 
movement in respect to a single standardized format, 
there is no established sequence of usage of these vari-
ous technology tools. 

Data in the context of subsurface studies and reser-
voir modeling are in constant flux. There is practically 
never a final model. New wells are drilled either to 
access new production or as injection wells to stimulate 
production, and each new well provides new data. Time 
lapse seismic updates the reservoir fluid distribution 
maps, prompting new activities to match new informa-
tion with modeling results. The data exchange standard 
can play the role of an evergreen, vendor-neutral long-
term repository of the dataset whole asset life cycle, 
“future-proofing” the data for reuse.

Conclusions 
Data exchange standards will become increasingly 
important as the oil and gas industry increases its reli-
ance on data to drive its business. The advent of cloud 
and microservices will have a dramatic impact on the 
topology of geoscience and engineering software and the 
way users will interact with technology. Successful digital 
transformation will require a concerted drive to stan-
dardize the format and the content of data exchange 
processes. The RESQML Special Interest Group has 
delivered an operational standard and demonstrated its 
practical use in a full-scale demonstration using a com-
plete dataset and a diverse set of software tools. 

Acknowledgements: The data were provided by BP and Shell. 
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DRILLPIPE

Andrey Matveyev, Guillaume Plessis and  

Stephen Forrester, NOV

The dramatic increase in horizontal wells from roughly 
2005 to the present has been a driving catalyst in the 

development of new drilling technologies. This trend 
began in the offshore sector and then moved to land 
applications as economics continued to shift and drill-
ing market share became predominantly land-based. 
Drillpipe was noted as a critical piece of drilling equip-
ment that needed considerable improvement if it was to 
fulfill the industry’s needs. Horizontal drilling in U.S. 
land operations has become the new norm, and interna-
tionally the transition from vertical to horizontal drilling 
is ongoing at various speeds in different countries. Some 
countries show significant growth, like Russia, and oth-
ers are barely launching their horizontal programs. To 
address the needs of these new programs, a new devel-
opment in drillstring design is sometimes necessary.

Changes in string design,  
connection performance
The most common drillstring design features a com-
bined string of 5 in. on the top and 3½ in. on the 
bottom. This design has been the dominant choice 
for vertical wells across the world for decades. Despite 
its long-term success in such applications, this string 
design is not suited when the horizontal section extends 
beyond several thousand meters or feet, as the change 
in drilling direction challenges the string’s torque 
capacity and brings hydraulics limitations. The choice is 
then between using proprietary premium drillpipe con-
nections to overcome torque and hydraulic limitations 
or keep pushing American Petroleum Institute (API) 

rotary-shouldered connections (RSC) but risking major 
issues with fatigue life and washouts. Based on the need 
to surmount these difficulties, drillpipe technologies 
were focused on performance at the expense of ease of 
use and maintenance costs. The cost of such premium 
drillpipe technology was acceptable in the context of 
large-budget offshore projects, as the technology was 
deemed as enabling. The need to reduce costs became 
more apparent as the industry trudged through the last 
downturn, and changing the drillpipe connection was a 
potential solution. 

New connection for new drillstring design
National Oilwell Varco (NOV) recognized that in the 
new drilling paradigm a fourth-generation connection 
was necessary and developed Delta. Table 1 details the 
performance metrics of drillpipe connection technol-
ogy through four generations, with Delta showing both 
excellent technical performance and lowest total cost  
of ownership. 

When developing Delta, NOV took customer feed-
back as the primary design driver. The torque capacities 
provided by existing connections were enough in 95% 
of cases, especially on land, because higher makeup 
torque requires more powerful torque equipment. The 
most significant concern was the cost of maintaining 
the drillpipe connection through inspection and repair. 
The new design uses the experience gained from the 
second- and third-generation connections, and its 
unique thread profile promotes deeper stabbing, faster 
makeup and improved ruggedness, which means that 
each connection can take more wear before needing 
repair. When repair is necessary, there is 50% more 
room for a reface, which consumes 1/32 in. of tong 

Extreme-torque connection drives 
a step change in drillstring design  

A high-performance drillpipe can save on costs through its life cycle.

Connection
Torque versus entry-level  

connection
Hydraulics Fatigue life Ease of use

Total cost of  
ownership

HT (1st gen DSC) +30% above API RSC Better Good Good Good

XT (2nd gen DSC) +70% above API RSC Best Better Poor Poor

TT (3rd gen DSC) +85% above API RSC Best Best Poor Poor

Delta (4th gen DSC) +70% to 80% above API RSC Best Best Best Best

TABLE 1. A comparison of drillpipe connection technologies through four generations shows consistent improvement in performance. 

(Source: NOV)
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space, before the connection must be recut, which also 
consumes 33% less material than for the second-genera-
tion connection.

Case histories
On a project in the Middle East, a conventional 
tapered string design using 57

⁄8-in. and 5-in. drillpipe 
was specified for a large offshore project. After several 
years of operation, it was clear that a change in design 
would be necessary to drill longer wells. The solution 
was to replace a tapered drillstring with a single-sized 
5½-in. string. The selected drillpipe incorporated sev-
eral unique features:

• A high-torque capacity, which had never been avail-
able for a tool joint with 6½-in. outer diameter (OD) 
and 3¾-in. inner diameter (ID); 

• 6½-in. tool joint OD limit allowed fishing in an 
8½-in. hole with a full-strength overshot; and

• 3¾-in. tool joint ID needed to minimize hydraulic 
pressure losses while drilling the 12¼-in. section.

Historically, significant attention had been given to 
reducing repair rates. The operator wanted to keep the 
same rate of repair or improve it and wanted to reduce 
expenses as well. This led to the introduction of a super-
slim and extreme torque capacity drillstring design with 
Delta connections—a new design for the area. Though the 
57

⁄8-in. pipe body provided the highest tensile and torque 
rating, the 5½-in. option allowed the customer to use one 
size for the entire string and carry the required drilling 
torque (Figure 1). In this instance, the drillpipe with the 
highest tensile/torque capacity was not the right choice. 

Results from inspection data confirmed better total 
cost of ownership, as the new string design had a 
recut rate of only 1.2% versus the industry standard 
of 10% to 12%, and sometimes 15% for challenging 
projects like this one. Note that as initial inspection 
numbers are generally the lowest, the recut rate will 
most likely fall in the 3% to 4% range as the sample 
size grows. The operator also saved two days on project 
time due to the reduction in stick/slip occurrences, 
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saw an increase in ROP, improved imaging data for 
geosteering and saved an additional 4.5 days by using 
a single-size string instead of the previous two-size one. 
This eliminated pickup and laydown pipe operations 
during drilling with the single-size string and drill-
pipe-associated operations, such as BOP testing and 
top drive saver subs installation, were reduced. The 
operator spent significantly less on handling gear and 
backup pipe due to the standardization of the drill-
pipe size.

On a project in the U.S. in early 2018, a major oper-
ator introduced well design changes for Permian Basin 
horizontal wells, which increased the lateral sections of 
their wells from a 61

⁄8-in. to 6¾-in. hole size. Previously, 
4-in. drillpipe was used to drill the 61

⁄8-in. interval. The 
operator was initially looking to switch out the 4-in. 
lateral pipe for 4½-in. pipe, believing that the change 

would improve hydraulics and 
pipe stiffness. After examining a 
third-generation connection with a 
53

⁄8-in. tool joint OD, the operator 
chose the fourth-generation Delta 
connection with a 5¼-in. OD, as a 
smaller OD would mean a decrease 
in equivalent circulating density 
related issues. After further consid-
eration, the operator decided to use 
the 4½-in. string for the entire well. 
Though this meant drilling the top-
hole section more slowly with the 
4½-in. string rather than the 5-in. 
string, the economics were in favor 
of the single size string as it removed 
the need for laydown and pickup 
and the need to carry more accesso-
ries (Figure 2).

As with the Middle East project, 
though the larger drillpipe size 
had a higher tensile rating, giving 
it more benefits when drilling the 
surface and intermediate sections, 
the more balanced 4½-in. size 
with its extreme torque capacity 
saved time on tripping operations, 
reduced the number of accessories 
necessary and eliminated costs asso-
ciated with pipe size switching. Of 
note was that the amount of recuts 
required using the new string 
design was only 4%, less than half 
of the recut percentages for the 

previous design. As recut is the most expensive part 
of the repair, every percentage point in this category 
is of critical importance. 

Conclusion
Drillpipe must not only be looked at from a drilling per-
formance point of view, and the recent market down-
turn has helped the industry to reconsider this point, 
especially on land operations. High-performance drill-
pipe will never be the least expensive option, but it can 
save on costs through its life cycle. Companies that want 
to be effective on a long-term basis must consider a com-
bination of three aspects before making a purchasing 
decision: drilling performance (i.e., torque, hydraulics 
and fatigue life), serviceability and total cost of owner-
ship. The fourth-generation Delta connection incorpo-
rates all three considerations. 

DRILLPIPE

FIGURE 2. The 4½-in. design with Delta connections had virtually the same performance as 

the 5-in. design but was substantially more cost-effective. (Source: NOV)
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FIGURE 1. Though the 57⁄8-in. design had the highest tensile/torque capacity, the new 5½-in. 

design was the better choice for this scenario. (Source: NOV)
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Carl Thompson, Drillbox

Proppant producers tracking customer shipments 
require much more than simply accessing a railroad 

company website and entering a tracking number. Often-
times proppants of varying grades are stored in multiple 
locations both off and on track, in silos or bags, in side-
lined boxcars or at various plants. Having all these data 
on hand, updated and at the ready is no small challenge.

Consider the inventory process. As proppant is pro-
duced it is entered in an enterprise resource platform 
(ERP) at the plant and shared with logistics and manage-
ment. As the product moves to different storage locations 
or allocated to client orders, it does not take very long 
before these data become convoluted. Rounded num-
bers are moved between various columns within spread-
sheets or pivot tables, the daily differentials of which are 
unknown to most, and within a couple of months, the 
data in the ERP no longer match what is in the fi eld. 

Tracking orders presents its own challenges as the 
orders travel to the client. Railroad companies only 
track what is on their lines. Rail cars are often trans-
ferred from one line to the next to get to their desti-
nation. To track one order may require logging into as 
many as four different company websites, most of which 
are basic databases and require manual interaction. 
These processes are often not the most effi cient way to 
determine where the order is and when it might arrive. 
There are third-party consolidators that specialize in rail 
data collection and delivery, but as with the rail com-
pany websites, they are basic operational databases and 
don’t come cheap.  

Case study
Given these challenges, Drillbox was tasked by a major 
ceramic proppant producer in the second quarter of 
2018 with delivering a customized cloud-based instance 
of its oil and gas geographic information system (GIS) 
through which the data for the producer’s 400-plus rail 

Using Big Data to deliver insights 
into proppant logistics  

Program identifi es the status of product and rail cars during the delivery process.

A GIS system locates rail cars delivering proppant and the status of the delivery. (Source: Drillbox)
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cars, including location and contents, could be aggre-
gated and delivered in a user-friendly format. 

The first challenge to overcome was to create an 
automated ETL (extract, transform and load) from 
five web-based operational databases and the client’s 
on-premises data warehouse. It became apparent early 
on that Drillbox would need to truncate the time it 
took to gather these data. Each of the individual rail 
lines housed their data behind login credentials, and 
only one allowed a mass download via file transfer pro-
tocol. In addition, most rail companies’ sites require 
the user to enter a rail car ID number either one at a 
time or paste a list. Scraping data from web pages has 
progressed rapidly in the past few years, and there are 
several open source automation tools available. 

Within a couple of weeks, the Drillbox team success-
fully navigated the various pages and portals and config-
ured a tool that would enter each and extract what was 
needed. The result was a substantial amount of unstruc-
tured data, which grows by the day. 

Once the data were automatically extracted, the Drillbox 
team spent the next several weeks constructing a transfor-
mation hierarchy based on a dynamic and expanding set 
of rules. The most basic question at onset was whether the 
rail car in question was empty or full. If full, did it have a 
purchase order associated with it or was it in storage? If 
empty, was it being returned or was it sitting on a track 
waiting to be filled? If it had a purchase order, what was in 
it and where was it going? From this information, Drillbox 
began to gather useful insights into how rail cars moved 
as well as how cars sat idle. The company saw that as rail 
cars reached their destination, they would vanish from the 
tracking platforms until they reappeared as empty rail cars 
on their return trip. 

From this a “Current Status Days” column was created 
in the platform, which allows Drillbox to see how long a 
full rail car sat at a plant, how long cars took to return to 
a plant from a particular client location, and—perhaps 
most valuable of all—how many days it took on average 
for the product to move to a customer site and how 
that differed from the rail company estimates. “Current 
Status Days” provided insights that would have been 
undiscovered in an operational data query. 

Tracking proppant
As the rail car data took shape, new questions emerged 
that led Drillbox to integrate inventory totals into the 
platform. For both sales and management personnel, it 
was of great importance answering the question of what 
was on hand and where. The company started by devel-
oping a few charts and graphs from which users could 

select location or proppant type to see their ERP inven-
tory or storage for that day. What was discovered was 
that data from the field differed from the ERP data over 
time. The Daily Delta view was created for the program 
to provide some insight into this differential. Daily Delta 
calculates value plus or minus from the previous day 
for both field storage data and ERP storage data. This 
allows the users to judge which number most likely best 
represented the actual field totals and provided greater 
accuracy when quoting delivery to clients. 

User feedback further refined the search architecture 
and historical tables, which were added to deliver both 
on-track and off-track inventory by location over time. 
At this point, the client had even more insight into how 
the product moved in a particular month or quarter 
and assisted in optimizing production and storage. Date 
selectors were added so that users could customize their 
data range and get even more granular in their inventory 
movements. Export options were added so that results 
could be transferred to a comma-separated value file and 
added to reports or shared between departments.

Study results
By the end of the third quarter last year, the client was 
able to identify 40-plus rail cars that were idle and real-
ized a cost saving by having those rail cars roll off the 
company’s lease.

As with any project of this scope, there were several 
challenges along the way, the greatest of which was how 
to manage the large amount of data that were accumulat-
ing almost exponentially within the platform every week. 
Within four months Drillbox started to notice a reduced 
response time when switching between its chart and table 
views and decided to move some of the on-the-fly calcu-
lations within the app to the database. Additionally, the 
client realized that most of its users did not find value 
in some of the datapoints that were being collected, 
and categories were consolidated to simplify the user 
experience. Other challenges included expiring login 
credentials or other disruptions in the automated ETL 
for which the Drillbox team set up a series of automatic 
alerts that would notify the team of any disruptions.

Conclusion
It took less than 90 days from kickoff in the second quar-
ter of 2018 to delivery of a working system. Incorpora-
tion of proppant inventory and final delivery was in the 
fourth quarter of 2018. Future plans include the incor-
poration of transatlantic ship data for international 
orders and the creation of a native mobile application 
for both IOS and Android. 

PROPPANT  
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Alan Oehlert, Ben Ross and Steve Bell, Hi-Crush

M anaging costs and meeting the growing demands 
of hydraulic fracturing depends on a complex 

proppant supply chain that reaches from the mine to 
the blender. By the time it is pumped downhole, frac 
sand has been selectively mined and processed, moved 
in massive volumes to the basin or mined there and ulti-
mately delivered to the blender at the well site. 

Directly managing the complexities and urgencies 
of wellsite operations presents a unique and demand-
ing challenge. Time-critical, cost-sensitive and with a 
dynamic array of variables, last-mile sand logistics have 
evolved with a diverse and highly specialized system of 
equipment, software and expertise.

High-impact sand 
Proppant logistics must reliably and effi ciently orches-
trate many moving parts from the mine to the blender. 

First is delivering huge volumes of frac sand to the 
well site. Growing activity and greater sand intensity 
have made this challenge increasingly acute. Frac 

designs have grown to 500,000 lb of proppant per stage 
or more, and a single frac crew may pump more than 
48 MMlb per month.

More than 50% of operators surveyed by Infi ll 
Thinking viewed trucking and logistics as the major 
chokepoint and cost driver in 2018. This year only 11% 
of respondents voiced that concern, indicating that 
new, innovative solutions from companies focused on 
last-mile technology and expertise have countered the 
current complexities of frac sand logistics. 

But sand volume is only part of the proppant logis-
tics challenge. Variables range widely from customer 
design modifi cations to the weather. Road and wellsite 
conditions must be known, and traffi c congestion must 
be considered, all while managing demurrage costs and 
driver reliability issues. Safety concerns run the gamut 
from noise to regulated emission of silica sand dust. 

Intensifi ed challenge 
Last-mile proppant logistics begin at a transload facility 
or in-basin mine. In-basin mines improve local sand 
availability and eliminate rail transportation costs. The 
fi rst in-basin mine in the Permian Basin, developed by 

Logistics management optimizes 
completion ef� ciencies  

Frac sand logistics evolve to address growing operational and economic objectives.

Containers deliver proppant the last mile to a 

Marcellus well site in Pennsylvania. (Source: Hi-Crush)
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Hi-Crush, began operations in July 2017 to provide a 
close-proximity resource for rapidly growing activity and 
volume intensity in West Texas and New Mexico. 

These advantages are quickly complicated by consid-
erations that may affect decisions about how to optimize 
volumes and rates. Many in-basin mines are farther 
from the well site than strategically located transload 
facilities that would serve the same work. While the 
average one-way distance from a transload facility to the 
well site is roughly 96 km (60 miles), the mine may be 
closer to 145 km (90 miles). 

Logistics are further complicated in managing effi-
cient loading and timely dispatch of hundreds of sand 
trucks. Transport on highways and roads must deal with 
less than ideal infrastructure, road repairs, accidents, 
weather, tight turns and weight limits. Simple delays can 
have significant repercussions at the well site. 

At the well site, proppant 
logistics face congestion caused 
by the many sand, chemical and 
water trucks entering and exiting 
the location. Entry, offloading 
and exit must be closely coor-
dinated for optimum offload 
speed and safety on an already 
busy and crowded well site, fre-
quently with poor cellphone ser-
vice hampering communication. 

The complexities have spurred 
the development of a broad set 
of web-based and mobile app 
software capabilities. Used by 
operators, service companies, sand suppliers and oth-
ers, the advances include real-time technology that pro-
vides an important tool for vendor, product and driver 
management, with greater visibility for data including 
turn times, driver performance, terminal congestion 
and demurrage. 

Software management capabilities range from equip-
ment tracking and geo-fencing to inventory and load 
reconciliation. Sand stage and consumption reports also 
are being generated by proppant logistics software, and 
future capabilities may include wellsite management 
tools such as radio frequency identification container 
scanning, silo integration with trucking data, order 
automation and invoicing. 

Silos and containers
The industry has largely adopted two multicomponent 
last-mile delivery methods centered on silo- and con-
tainer-based systems. Vertical silos store large volumes of 

proppant with a minimal onsite footprint. They support 
multiwell and large-volume, high-rate frac treatments. 
Container systems transport and store sand on site in 
portable bins. They provide a highly flexible option for 
smaller frac jobs and where roads and wellsite size pres-
ent constraints. 

However, determining the optimal last-mile solution 
is a more complex, nuanced logistical undertaking than 
the two options suggest. Often the decision depends on 
an expert process that weighs many factors. Hi-Crush’s 
PropStream service integrates these options to tailor 
proppant logistics services to specific wellsite logistical 
and operational conditions and objectives.

Sorting out the options
Silo and container systems each present unique capa-
bilities and advantages for proppant logistics. Key to 

their initial development was 
addressing the time and safety 
constraints of traditional pneu-
matic methods. 

Comparatively, silos and con-
tainers unload sand much faster 
and reduce wellsite congestion 
with dramatic cuts in time spent 
on location. Container systems 
can deliver and stage full bins and 
pick up empty ones in less than 
10 minutes on site. Silo systems 
using hopper-bottom trucks and 
gravity-fed conveyor systems may 
require less than 15 minutes for 

unloading and transiting the location. Pneumatic systems 
can take more than an hour to do the job. 

Container systems, and silo systems with advanced 
top-fill technology, greatly mitigate silica dust emissions 
and personnel exposure by implementing engineer-
ing controls. Current Occupational Safety and Health 
Administration permissible exposure limits regulations 
restrict exposure to 50 micrograms of respirable crys-
talline silica per cubic meter of air, averaged over an 
eight-hour day. 

Gravity-fed conveyor technology used by silo and con-
tainer systems minimizes dust creation and exposure 
with covered conveyors and enclosed transfer points. 
These purpose-built systems are an advance over pneu-
matic systems that blow sand with pressurized air, cut-
ting silica emissions by more than 90%.

Silo and container systems each have unique logisti-
cal advantages to consider and balance in selecting the 
optimal solution. 
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Silo systems provide a vertical storage solution for up 
to 280 tons of proppant per silo, making it the most 
efficient storage system relative to wellsite footprint. 
Individual silos are transported to the well site and 
safely raised to a vertical position using specialized erec-
tor trailers. Setup time for some six-pack silo configura-
tions can be as little as two hours. 

Alternatively, container systems transport proppant 
in one or two containers per truck for loads up to 25 
tons. Containers quickly are staged on site to store frac 
sand until needed. Up to five containers at a time can 
be loaded onto an enclosed blender conveyer system 
during a job.  

However, what appears to be a relatively clear-
cut logistics decision is a bit more complicated. For 
example, containers require less time to offload and 
have a flexible, minimal footprint, while hopper-bot-
tom trucks have larger loads but require more time 
to unload. In addition, the use of hopper-bottom 
trucks requires silos that can be top-loaded from 
enclosed conveyor systems. Because they eliminate 
pneumatics, these systems also significantly reduce 
silica dust emissions. 

Truck weight, local road restrictions and time of year 
also figure in the equation. 

In the Marcellus, containers systems are an advantage 
on the typically narrower, winding roads and smaller 
pads, compared to the Permian Basin where larger well 
sites and longer, flatter roads often make silo systems 
more attractive. Load limits and frost regulations in the 
northern Bakken region may seasonally cut vehicle weight 
versus the Permian Basin, eliminating the potential advan-
tage of silos and higher capacity hopper-bottom trucks. 

The many variables of last-mile proppant logistics 
often make the relative advantages of silo and container 
systems a moving target. The optimal solution requires 
a careful assessment considering specific wellsite and 
geographic conditions, safety requirements and opera-
tor objectives.

Conclusion
The evolution of last-mile proppant logistics has fielded 
an array of specialized equipment systems. Guided by 
expert logistics management and sophisticated software, 
silo and container technologies provide flexible, adapt-
able tools for optimizing completion efficiency. 

A top-fill conveyor system prepares to 

load a six-pack silo system with more 

than 3 MMlb of proppant.  

(Source: Hi-Crush)
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SURFACE SYSTEMS

Ricardo Rodriguez, Landon Vredeveld and  

Tony Yeung, BJ Services

Market conditions in 2017 demanded solutions to 
the challenges that arose from increased comple-

tions intensity and longer lateral wells. There became 
a demand for higher flow rates and treating pressures 
as well as higher proppant volume throughput, ulti-
mately leading to longer pumping times and continuous 
24-hour operations. In the last five years, according to 
Spears & Associates, the average proppant per well has 
increased more than 140% and is estimated to reach 15 
MMlb per well by 2020 given the current trend. During 
this period of rising service intensity, the Occupational 
Safety and Health Administration also increased safety 
requirements around silica dust exposure. 

Given the increasing demand being placed on equip-
ment, BJ Services’ engineering team analyzed the entire 
fracturing pumping system. The team looked at each 
unit in the fracturing spread and identified the blender 
as one of the critical components of the fracturing pro-
cess and a prime selection for redesign to improve oper-
ational efficiency. The original industry blender designs 
were not very conducive to the longer, ever-evolving lat-
eral wells, and designs had not been updated to accom-
modate higher proppant volumes. At the time, the 
industry norm for average blender maintenance was 50 
MMlb, which was set in a market dominated by smaller 
vertical wells that ranged from one to three stages. 

The required planned and unplanned maintenance 
created by the increased demand led to an increase of 
nonproductive time (NPT) of close to 100%. This down-
time was exacerbated by original industry blender designs 
requiring the equipment to be taken offsite and brought
back to the maintenance shop for repair. These blender 
designs were not easily maintainable, as they typically had 
long spools of custom fit pipe that required maintenance 
away from the well site, and center-mounted discharge 
pumps that were slow and difficult to change out. A stan-
dard radiator package could not accommodate winter 
and summer temperatures without overheating, espe-
cially in high silica dust environments.

A new approach
These challenges led the BJ Services team to re-engineer 
the blender with a focus on maintainability and reliabil-
ity. The team, with direct input from BJ Services’ field 
maintenance and operations teams, analyzed every com-
ponent of the blender from the inside out to determine 
how to achieve maximum uptime. 

The team started at the front of the blender with the 
radiator design. The radiator core fins were redesigned, 
and the layout was reconfigured to prevent fouling and 
allow ease of cleaning. By preventing the likelihood 
of fouling, the redesign of the fins also improved the 
reliability of the cooling system. Since the first unit 
deployed in August 2017, the redesigned radiator has 
successfully operated in ambient temperatures from -40 
C to 43 C (-40 F to 110 F) with no overheating or over-
cooling issues.

Next, BJ Services’ engineers analyzed the pip-
ing design. After considering field trial results and 
advancements made in adjacent industries, the team 
selected a modular piping design to allow for fast 
replacement in the field as well as suction and dis-
charge manifolds with interchangeable parts. This 
allowed maintenance to be completed on site and the 
piping to be interchangeable to accommodate com-
mon hose sizes. The simplified design also reduced 
the wear and erosion, which was common due to the 
complex bends and custom piping joints. Historically, 
field repairs to piping were quick welds, prone to 
repeated failure. The modular design solves this issue 
by swapping out the entire spool of piping with read-
ily available parts.

The discharge pump presented the team with 
another opportunity to increase both the maintain-
ability and reliability of the blender. Higher proppant 
volumes and higher pumping rates created system 
stress, which led to discharge pump failures and sig-
nificant NPT. By redesigning the blender to include 
pressure control, engineers eliminated the common 
issue of overspinning—operating the pumps outside 
of its optimal efficiency range—which caused prema-
ture pump failure. 

Enhancing operational ef�ciency  
of surface systems  

A redesigned system meets the safety and operational  

needs of modern completion designs.
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The redesigned blender also includes a side-mounted 
discharge pump rather than one mounted between the 
trailers, as with most industry blenders, which greatly 
increased accessibility in the field. When coupled with 
the modular piping design, blender downtime while 
swapping pumps was reduced by about 75%. 

Another way the team reduced system stress was to 
develop a proppant distributing chute to reduce air 
entrainment in the fluid. The reduction of air allowed 
a more continuous fluid flow and less air ingestion into 
the pump resulting in less wear. In addition, less air 
ingestion into the pump results in less wear and dam-
age of the downstream equipment.

As part of the analysis, the engineers identified 
multiple failure points in the drive train. The team 
upgraded the blender from a pneumatically actuated 
clutch to a hydraulically actuated clutch. Reliability and 
maintainability are increased with the hydraulic clutch 
by reducing leaks and making any leaks that do occur 
easily identifiable. The drive train also was upgraded 

to have a direct drive single gear reduction design 
and higher horsepower to meet market demands. The 
simplified clutch is more efficient than a traditional 
transmission and leads to more available power at the 
discharge pump. 

Safety improvements
In addition to focusing on increasing reliability and 
maintainability, the redesign provided the team with an 
opportunity to improve the safety profile of the blender. 

In an industry with constantly evolving demands and 
technology, this blender was successfully re-engineered 
to provide reliability and increased maintainability. The 
result of the engineering upgrades was a system that, 
after 18 months in the field, provided a 75% reduction 
in time to repair, a 66% reduction in NPT and a 150% 
increase in pump life. The redesigned blender is a case 
study on how companies can meet market challenges by 
looking at all components of a system and simplifying 
how they work together. 

SURFACE SYSTEMS
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SURFACE SYSTEMS

Keith Coutts, ClearWELL Oilfield Solutions

M ineral scale buildup is a major concern for oil and 
gas operators, with prevention and treatment cost-

ing billions of dollars each year. With the wider industry 
taking a pragmatic approach to expenditure and driving 
cost efficiencies where possible, it is vitally important 
that effective scale management processes are in place 
to maximize oil recovery and return on investment.

Mineral ions are dissolved in 
formation waters, but production 
operations can lead to precipi-
tation of crystalline compounds, 
such as calcite and barite. If these 
crystals adhere to the pipe wall, 
they can form a buildup of hard 
scale, restricting production rates 
and reducing the life of produc-
tion equipment.

Traditionally, oilfield scales 
have been managed by preven-
tion, using chemical inhibitors 
or remedial treatment such as 
acid jobs and milling operations. 
However, a simple alternative 
method of preventing scale would 
deliver significant value to opera-
tors: maximizing production rates 
through better flow assurance and 
reducing the cost and lost produc-
tion caused by well interventions.

ClearWELL Oilfield Solutions, 
a FrontRow company, has devel-
oped a chemical-free scale control 
technology, which uses radio frequency pulses to prevent 
scale buildup and consequent flow assurance issues.

Traditional approaches to treating scale
When scale buildup has occurred, the oil and gas indus-
try relies on traditional well intervention solutions. While 
these methods can yield a degree of success, they are 
often extremely costly, particularly when the loss of pro-
duction during the well shut-in is taken into account, and 
effectiveness is short term.

It is not uncommon for scale remediation work to 
be postponed for as long as possible to delay the high 
costs incurred from the mobilization of equipment, 
manpower, rental costs and deferred production. 
Companies often will apply preventative strategies and 
work plans to do this.

In an effort to increase longer-term efficiency and time 
between interventions, operators widely implement the 
use of chemicals to inhibit scale formation through con-
tinuous injection. However, success is dependent on the 

type of scale as well as the influ-
ence of the surrounding environ-
ment and well conditions. 

Geography can pose specific 
issues, with many producing wells 
located in remote locations far 
removed from key infrastructure 
and road networks. This means 
regular access to the well site 
to monitor chemical injection 
systems can be difficult and 
time-consuming. Extremes of 
temperature, both high and low, 
also can make storage of chem-
icals problematic. For example, 
the sub-zero winter temperatures 
in Canada and the northern U.S. 
can cause chemical inhibitors to 
freeze in their containers, making 
them unusable. 

Modernizing scale control 
ClearWELL is a method of scale 
control that requires no well 
intervention. A signal generation 

unit is connected to the flowline close to the wellhead, 
without any impact to well integrity. Radio frequency 
pulses are injected along the flowline and production 
tubing, inducing an oscillating electromagnetic field in 
the wellbore.

ClearWELL is not an inhibitor; it is not designed to 
interfere with the thermodynamics of mineral solubility. 
Instead, it affects the kinetics of crystallization, resulting 
in the rapid formation of many extremely fine crystals 
in the flow stream. Oscillating magnetic fields are being 

Controlling scale deposition  
Maximize production with radio frequency scale control.

ClearWELL uses radio frequency pulses to  

control mineral scale without intervention.  

(Source: ClearWELL Oilfield Solutions) 
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increasingly used to control crystallization in supersatu-
rated solutions and supercooled liquids for both scien-
tific and industrial purposes.

The formation of fine crystals in the flow stream, 
in particular, the large crystals that can lead to 
scale buildup on flow-wetted surfaces, changes the 
nature of the solids handling. Rather than needing 
to remove hard scale from the pipe walls, the issue is 
one of transport, with the production velocity needing 
to be sufficient to carry the dispersed crystals out of 
the well. Crystal transport is rarely a problem, except 
in cases such as low-flow wells producing significant 
quantities of barite.

Signal generation units have been designed for contin-
uous remote operation, even under extreme conditions, 
with devices having been deployed in both desert and 
tundra environments. The units can run on solar power, 
and in-built satellite communication is allowing hundreds 
of units in the field to be monitored from anywhere in 
the world, removing the need for personnel on site.

Driving efficiencies in pumped wells
Scale buildup is particularly problematic in electric 
submersible pump (ESP) wells: restricting the flow area 
of the production tubing increases the power demand 
of the pump, and scale deposition on the inside of the 
pump and outside of the motor reduces the reliability of 
the equipment. Especially with calcite scaling, the high 
temperature of the motor housing is conducive to rapid 
scale buildup, which reduces motor cooling and leads to 
premature failure.

A number of ClearWELL units were recently deployed 
in a field in Alberta, Canada, where wells were suffer-
ing from severe calcite scaling, significantly reducing 
production and the performance of installed ESPs. The 
scale buildup also was amplifying the detrimental effect 
of wax precipitation in the well.

ESP runlife was very poor. Without chemical treat-
ment, a typical ESP was operational for no more than 
two months before it failed. However, even with peri-
odic injections of chemical inhibitor and monthly batch 
treatments for wax, the pumps were still only averaging 
about four months of run time. 

A well intervention strategy was researched with a 
view to replace the failing ESPs across 15 wells. This 
would have resulted in an annual chemical scale inter-
vention spend of almost $1 million, with pump failure 
and replacements bringing total costs to about $5 mil-
lion per year. Further significant costs to the operator 
would have been incurred in lost production during the 
downtime to perform the interventions. 

Instead, following a successful 60-day trial on four 
wells where scale deposition and ESP failure were 
reduced and flow characteristics improved, the operator 
deployed ClearWELL units on all 15 wells. Each device 
was fitted within a day.

Following installation, there was a significant reduc-
tion in pump failures, allowing ESPs to be used contin-
uously for more than a year, by which time the natural 
production decline required that ESPs be changed for 
rod pumps. With ClearWELL still installed, there was an 
ongoing improvement in pump flow characteristics and 
continuous control of scale deposition. 

Deploying the system allowed the operator to elimi-
nate the need for chemical spend on ESP wells. More 
significant were the cost savings and production gains 
from preventing premature ESP failure. Ultimately, 
ClearWELL is delivering value to the operator of about 
$500,000 per year plus about $1 million per well every 
year in additional production. As a result, the operator 
now deploys the technology on all new ESP wells and 
no longer relies on chemical inhibitors. 

As the industry continues to develop cost-efficient 
processes to increase hydrocarbon recovery, oilfield 
scaling remains an expensive problem for operators to 
address. High expenditure associated with intervention, 
shutdowns and deferred production is leading opera-
tors to apply innovative technology to tackle these issues 
and produce tangible benefits. The ClearWELL system 
provides long-term scale prevention and assists the 
industry in its efforts to maximize performance 
throughout the production cycle. 

References available. 
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ClearWELL units were installed in Alberta, Canada, to remediate 

severe calcite scaling. (Source: ClearWELL Oilfield Solutions)
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ROVs/AUVs

Faiza Rizvi, Associate Editor

T erms like “innovation” or “cutting-edge technology” 
bring to mind 3-D cameras, foldable smartphones 

or even flying cars. For the oil and gas industry, it 
means Big Data analytics, artificial intelligence and 
underwater robotics. 

Commercial AUVs and ROVs were conceived to over-
come the restriction of human divers, and these under-
water robots were initially used as basic video observa-
tion devices for subsea operations. Over the years, their 
technological evolution has enabled them to accom-
plish increasingly complex tasks at water depths up to 
3,000 m (9,842 ft). 

Increasing global demand for oil and gas has acceler-
ated the pursuit of innovative and cost-efficient offshore 
technologies. Moreover, monitoring and deployment 
are often challenging in harsh subsea conditions, which 
raises operational, environmental and technical chal-
lenges. These factors have accelerated the development 
of new technologies in the AUV and ROV market.

Product development
TechnipFMC continues to invest in the development of 
ROVs to lower deployment costs and enhance productiv-
ity and efficiency of subsea operations. 

“The evolution of ROVs stems from the quest to 
create greater operational efficiencies of projects—
through greater ROV productivity—a result of contin-
uous product development on the technical side,” said 
George Shirreffs, vice president of sales and marketing 
at Schilling Robotics, a business unit of TechnipFMC. 
“TechnipFMC has continually focused on the develop-
ment of its products through features such as modular 
design, modern control systems and automation to max-
imize the productivity of the ROV, therefore reducing 
projects costs.”

In the early 2000s, TechnipFMC launched its first 
ROV, which was an electric vehicle with a scalable 
control system and automation. Industry requirements 
led to the development of an Ultra Heavy Duty class 
electro/hydraulic ROV, which was followed by the 
introduction of a 150-hp heavy-duty ROV in 2010. 

Productivity features were further improved, including 
a modular design to aid rapid maintenance and repair 
requirements and a higher level of automation. The 
Schilling systems were further developed to add a new 
Hammerhead software platform in 2012 that was an 
intuitive task-based system that allowed ease of oper-
ation and rapid setup of the ROV system. A further 
development was the introduction of the Ultra Heavy 
Duty Gen-III (UHD-III) 250-hp ROV, equipped with an 
ISOL-8 auxiliary pump system that meets the require-
ments of American Petroleum Institute Standard 53 for 
secondary BOP intervention without the need for any 
additional equipment. In addition, the vehicle can be 

Revolutionizing robotics 
Technological advancements of AUVs and ROVs are making waves  

as the energy industry equips them to dive deeper.

TechnipFMC supplied its ultrahigh-definition ROV, known as 

UHD-III, in January on board its heavy construction vessel. 

(Source: TechnipFMC)
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optimized for construction and intervention activities 
and delivers dual fluids from onboard tanks negating 
the requirement for multiple pumping skids.

“Our philosophy from our first manipulator in 1985 
to our latest ROVs has been increasing productivity, 
including our lean manufacturing facility and our latest 
developments. However, we remain conscious of the 
installed base of Schilling systems. Many of our devel-
opments are engineered to be backward compatible, 
so the productivity features we develop today can be 
installed on some of our older systems,” Shirreffs said. 

Meanwhile, Kongsberg Maritime has added a new 
AUV to its fleet. Called the HUGIN Superior, it is 
equipped with advanced functions. “The key devel-
opments and new capabilities of HUGIN Superior 
include improved data coverage and access, greater 
productivity, and improved navigation and position-
ing,” said Richard Mills, director of marine robotics 
sales at Kongsberg Maritime. 

The AUV is configured with long-range synthetic 
aperture sonar that generates high-resolution seabed 
imagery and bathymetry. This is augmented by an 
ultrahigh-definition color camera with a laser pro-
filer, magnetometer and various chemical sniffers to 
detect hydrocarbons. 

“HUGIN Superior can survey a football pitch in about 
45 seconds or an area the size of Manhattan Island in 
just 13 hours without sacrificing data quality,” Mills said.

Innovative technology
From their initial development to their current form, 
AUVs and ROVs have seen much technological advance-
ment and have become an indispensable part of offshore 
E&P. They have been equipped with progressive fea-
tures, enabling them to operate thousands of feet away 
from dedicated offshore vessels to handle complex tasks.

In April, testing for underwater snake-like robots 
known as Eelume began in Trondheim Fjord to 
be deployed for seabed maintenance work at the 
Åsgard Field in the Norwegian Sea. Conceived by the 
Norwegian University of Science and Technology and 
supported by Kongsberg Maritime and Equinor, these 
snake-like robots can slither over long distances in diffi-
cult-to-reach places without being tethered to a support 
vessel. Sensors and tools can be mounted anywhere on 
the Eelume. It consists of several modules that allow it 
to be connected in different combinations to form vari-
ous types of vehicles. The underwater robot can inspect 
pipelines and operating valves, reducing costs from 
previous, more strenuous methods of subsea inspection, 
Equinor stated in a press release. The drone can remain 

under water permanently and reside in a subsea dock-
ing station where its battery will be charged.

According to Equinor, “The tests performed at the 
Åsgard Field will be a significant step toward showing 
the capabilities of a resident underwater drone. In paral-
lel, the technology is being further developed to contin-
uously increase its capabilities and level of autonomy.” 

Saipem’s Sonsub division’s HyDrone system is a mod-
ular, subsea resident intervention platform directly inte-
grated within the subsea field and is capable of working 
in deep waters for an extended period without surface 
vessel support. The design is a development of work 
class ROVs to allow reliable remote interventions on 
complex or inaccessible subsea infrastructures.

According to Saipem, three factors are driving this 
technology: the need to support offshore fields where 

ROVs/AUVs

Saipem launched HyDrone ROV, which is designed as a development 

of work class ROVs, to allow remote interventions on complex or  

inaccessible subsea infrastructures. (Source: Saipem)

The Eelume snake robot provides IMR services for subsea installations.  

(Source: Eelume) 
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the challenging environmental conditions or the level of 
novelty of involved subsea equipment leads to increased 
operational complexity; the need to efficiently manage 
operational risks minimizing system downtime and envi-
ronmental impact; and the need to substantially reduce 
costs of inspection, maintenance and repair campaigns 
conventionally carried out with work class ROVs oper-
ated by dedicated support vessels.

“The conventional IRM [inspection, repair and 
maintenance] market is heavily based on vessels and 
ROVs,” said Matteo Marchiori, commercial manager at 
Saipem’s Sonsub division. “The market distress of the 
recent years has dramatically pushed for new opera-
tional models that would cut costs, which had an enor-
mous impact on technological innovation and led to 
solutions capable of unlocking new methodologies and 
operational schemes. In that respect, HyDrone allows 
vessel-free subsea inspections with unmanned opera-
tional setup and grants better access to subsea assets.”

Houston Mechatronics has released a hybrid technol-
ogy called Aquanaut, which is a multipurpose subsea 
robot that transforms from an AUV to an ROV, thereby 
eliminating the need for vessels and tethers. 

“We realized one of the biggest problems of the indus-
try is the cost of offshore operations, which, in most 

cases, is driven largely by cost of the ves-
sel,” said Nic Radford, CTO of Houston 
Mechatronics. “Solving this problem 
from a robotic perspective, we designed 
Aquanaut, which acts like an AUV and 
reconfigures itself on a hovering platform 
capable of manipulation even in very aus-
tere communication environments.”

Saab Seaeye launched a new tech-
nology enabling its Sabertooth hybrid 
AUV/ROV to dock at remote deepwa-
ter docking stations for data transfer, 
assignment instructions and battery 
charging. The underwater robotics 
company announced in February that 
its Sabertooth hybrid AUV/ROV is 
equipped to dock at different kinds of 
remote stations. 

SEAMOR Marine has released the 
Mako ROV, a miniature work-class-sized 
ROV built with modular flotation and 
hydraulic arm integration. SEAMOR 
ROVs can integrate with a wide range of 
third-party offshore intervention tools, 
including temperature sensors, addi-
tional cameras, positioning systems, mul-

tibeam and scanning sonars. Their compact size allows 
them to be deployed quickly, which is important when 
emergencies occur.  

A recent addition to SEAMOR’s range of products is 
a remotely operated seven-function articulated hydrau-
lic arm, which is specifically designed for observation 
class vehicles and can be retrofitted to most similar 
ROV systems. 

“We understand that ROVs are an important tool to 
support the energy sector. By providing an easy-to-use 
vehicle that offers a wide range of customizable inte-
grations, SEAMOR ROVs are an investment for any 
onshore or offshore facility,” said Robin Li, president of 
SEAMOR Marine. 

Strategic partnerships
Recent collaborations between oil and gas companies and 
underwater robotic businesses have not just contributed 
to new technological innovations in the market but also 
resulted in increased operational and cost efficiencies.

Earlier this year, Ocean Power Technologies and 
Saab Seaeye announced a joint development and 
marketing agreement to pursue mutual opportunities 
for charging and communications systems of AUVs 
and ROVs.

ROVs/AUVs

SEAMOR Marine’s latest ROV, the Mako, allows users to install heavy instrumentation, 

including multibeam imaging sonars. (Source: SEAMOR Marine)
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In March Sonardyne International entered into a 
partnership with Shell Brasil and Brazilian research 
institute Senai-Cimatec, with cooperation from 
Petrobras, to develop AUV technology to ensure effi-
ciency in monitoring Brazil’s presalt oil fields.

According to a report in Unmanned Systems Technology, 
the goal of the project, which includes a 4-D seismic 
monitoring system, is to increase the autonomy of 
ocean-bottom nodes, enabling them to be deployed 
on the seafloor for up to five years ready to record 
the seismic and geodetic data on demand. During 
that period, no interventions, such as connections for 
data extraction or replacement of batteries, would be 
required and the nodes would communicate wirelessly 
with the AUV. These capabilities will help generate 
operational efficiencies and eliminate the various exist-
ing difficulties in deploying current 4-D seismic mon-
itoring technology, which is vital to the development 
and production optimization of oil and gas fields. The 
new technology also will allow the reduction of both 
costs and operational safety risks.

“For Shell, Brazil is an important center for attracting 
partners and technological development, and we are 
sure that the partnership with Sonardyne and Senai-
Cimatec will be very successful,” said Jorge Lopez, Shell 
R&D adviser, in a press release.

C-Innovation (C-I), an affiliate of Edison Chouest 
Offshore, has partnered with several oil and gas com-
panies around the world to expand its ROV capabilities 
and provide a broad spectrum of support to subsea 
construction projects as well as drilling, intervention, 
maintenance and heavy-lift assignments. 

“We engineer robotic solutions based on client 
needs and expect a growing underwater vehicle fleet 
with portfolio expansion over the next few years,” said 
Michael MacMillan, operations manager at C-I.

Last year ECA Group and Petrus entered into a 
cooperation agreement for subsea robotics services to 
oil companies. After evaluating the market, the parties 
agreed to offer inspection and survey services to the 
energy industry using AUVs designed and manufac-
tured by ECA Group.  

Market drivers
Key factors driving the AUV and ROV market include 
the increasing number of offshore wells in harsh envi-
ronments, escalation in demand for energy and petro- 
chemicals, need for ocean data and mapping, and 
growing capabilities of AUVs and ROVs, according to 
a report by Mordor Intelligence. The report states that 
technological advancements in offshore systems have 

opened up new frontiers, enabled safer operations and 
increased the capabilities of AUVs and ROVs. Advance-
ments in technology are expected to continue engi-
neering further growth in the oil and gas unmanned 
vehicles sector. Smart devices will enable improved 
operational management and better risk management 
while advanced materials will offer safer operations in 
difficult environments.

The report further states that “the Middle Eastern 
region will experience significant growth in the ROV 
market. The offshore activity in the Middle Eastern 
region has seen growth since 2015, despite low oil 
prices. This substantial improvement in the oil price 
scenario is expected to boost the offshore activity in the 
region, in turn driving the ROV market.” 

Meanwhile, Mordor Intelligence stated that 
Petrobras’ financial crisis is expected to constrain the 
offshore activity in Brazil, in turn restraining the off-
shore AUV and ROV market in the region. Brazil is 
the biggest AUV and ROV market in South America 
and witnesses more than 50% of the offshore drilling 
and production activity of South America, accord-
ing to the report. However, earlier this year the new 
CEO of Brazil’s state-controlled oil company, Roberto 
Castello Branco, criticized its history of government 
interference and vowed to pursue policies that will 
boost profit, according to a Bloomberg report. 

Annual global market reports of ROVs and AUVs 
show a significant increase in market growth of both 
vehicles. According to a report by QY Research, the 
global market for ROVs is expected to reach $330 mil-
lion by the end of 2025, growing at a compound annual 
growth rate of 6.3% between 2019 and 2025. Findings 
reveal that a number of factors will drive ROV global 
market growth including the increase of underwater 
fields’ expenditures, the recovery of oil and gas indus-
try, new product launches, technological innovations 
and increasing adoption of offshore ROVs.

Douglas Westwood’s “World AUV Market Forecast” 
report shows a 74% increase in AUV demand for the 
commercial sector through 2022. 

As operators continue to move into deeper waters, 
Westwood anticipates a significant increase in AUV utili-
zation for oil and gas operations. According to key find-
ings, “new subsea hosted AUVs that are currently being 
developed will allow for more cost-effective inspections 
and interventions of subsea infrastructure than an ROV 
or surface vessel carrying out the work. Other applica-
tions, such as pipeline inspection, site survey, and rig 
move or hazard survey, will see a growing demand 
during the period of forecast.” 

ROVs/AUVs
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UNCONVENTIONAL REPORT: 

APPALACHIAN BASIN

Standing tall, growing higher   
New pipelines in 2018 added much-needed takeaway capacity for the Appalachian 

Basin shale gas, ensuring continued growth in the region. 

Jennifer Presley, Executive Editor

S tanding tall in the Pittsburgh skyline is the U.S. Steel 
Tower. At 256 m (841 ft) in height, it is the tallest 

building in the Steel City. Just as coal helped fuel the 
mills that made the steel for countless early-day skyscrap-
ers, the region’s shale gas is fueling the innovations of 
today and tomorrow. Home to a rich history of industrial 
greatness, Pittsburgh and the surrounding area have 
grown to become an epicenter of sorts for the booming 
Marcellus and Utica shale plays. 

For tracking and reporting purposes, the U.S. Energy 
Information Administration (EIA) categorizes activ-
ities for both plays as the Appalachia Region. The 
estimated gas production in the region for May is 912 
MMcm/d (32.2 Bcf/d), according to the EIA’s Drilling 
Productivity Report for April. 

In an exclusive report provided 
to E&P, Drillinginfo noted that 
more than 15,000 horizontal 
wells had been spudded in the 
Appalachian Basin over the past 
decade. The basin, primarily 
located in the tri-state area of 
Pennsylvania, Ohio and West 
Virginia, has seen more than a 
decade of drilling activity. The 
Marcellus was the fi rst target in the 
basin inside Pennsylvania, with the 
Utica in Ohio seeing a large rise in 
activity over the past few years. 

Spudding activity has declined 
since 2014, but it rebounded in 
2017 and is projected to grow fur-
ther by year-end 2018, according to 
the Drillinginfo report. There has 
been a consistent improvement in 
gas type curves in the region, with 
wells coming online in 2017 and 

2018 reaching 18-month cumulative volumes of 113 
MMcme (4 Bcfe), as compared to 2014 and 2015 wells 
taking about 40 months to reach the same volume (2.2 
times faster), the report stated. Drillinginfo attributes 
the improvement in well performance to continued 
production growth in the basin despite a lower amount 
of spuds than in previous years. 

“Like most unconventional plays, lateral length and 
proppant intensity have grown considerably over the 
past several years,” the report noted. “The larger and 
longer fracs greatly improved well performance over 
time. Normalizing type curves to modern completions is 
very important to accurately understand well econom-
ics, due to the strong year-over-year growth in comple-
tion trends. On average, the Utica/Point Pleasant is 
drilled with noticeably longer laterals but similar prop-
pant intensities when compared to the Marcellus.” 

The Pennsylvania, Ohio and West Virginia tri-state area is a hot spot for leasing. 

(Source: Drillinginfo)
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The Pennsylvania, Ohio and West Virginia tri-state area is a hot spot for leasing. 

LEASING AND PERMITTING
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UNCONVENTIONAL REPORT: 

APPALACHIAN BASIN

APPALACHIA ACTIVITY APPALACHIA COMPLETION TRENDS

This rig was working for Encino 

Acquisition Partners in Ohio’s 

Utica Shale last fall. (Photo by 

Ashley Unbehagen, courtesy 

of Oil & Gas Investor)

Larger and longer fracs have greatly improved well performance 

over time. Lateral lengths and proppant intensity have grown 

considerably over the past several years in the Appalachian Basin. 

(Source: Drillinginfo) 

Activity has rebounded in the Appalachian Basin, with the 

Marcellus and Utica combined accounting for about 35% of the 

U.S. gas production in 2018, up from only 6% in 2010. 

(Source: Drillinginfo)
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REGIONAL REPORT: 

SOUTHEAST ASIA

Brian Walzel, Associate Editor, Production Technologies

A s a result of declining oil production in the region’s 
aging fi elds and stagnating exploration successes, as 

well as oil majors looking elsewhere for more favorable 
projects, the Southeast Asia oil and gas sector has seen 
its position on the global energy map depreciate. 

Wood Mackenzie estimates that almost 800 MMboe 
of the region’s resources “have left the hands of majors 
and IOCs [international oil companies],” and 65% 
of the region’s production comes from mid-life and 
mature fi elds.

“Since the fall in oil prices in 2014, oil majors and 
international oil companies have accelerated a shift 
toward resource themes and regions offering higher 
returns, lower complexity and shorter time frames, away 
from the more challenging regions such as Southeast 
Asia,” Wood Mackenzie stated in a report on the region.

According to Rystad Energy, total production in the 
region has steadily declined since 2015, and it is expect-
ed to continue if recent major fi nds stall in the develop-
ment process.

“Ramping up projects in the early development phase 
were able to offset mature declines in the last couple of 
years, but in the long term, total supply from Southeast 
and East Asia is set to decline to around 10.4 MMboe/d 
by 2025, compared to 13.1 MMboe/d in 2017,” the ana-
lyst stated in a recent report on Southeast Asia.

Although the Southeast Asia region has seen steady 
declines in production, recent successes include Exxon 
Mobil’s Blue Whale, the INPEX-operated Abadi gas 
fi eld and Repsol’s KBD-2X well in the Sakakemang 
Block in South Sumatra.

KBD-2X discovery
In February Repsol and its partners PETRONAS and 
MOECO announced what they said was the largest gas 
fi nd in Indonesia in nearly two decades and among the 
10 largest fi nds worldwide in the last year. According to 
Repsol, the KBD-2X well in South Sumatra discovered at 
least 56.6 Bcm (2 Tcf) of recoverable reserves, and the 
company will continue exploration work in the block 
and plans to drill an additional appraisal well.

“At 2 Tcf, the KBD-2X is the largest discovery in 
Indonesia since Exxon Mobil discovered the Cepu 

oil fi eld in 2001,” said Andrew 
Harwood, research director for 
Asia-Pacifi c upstream oil and gas 
at Wood Mackenzie. “It would also 
surpass the largest discovery in the 
Asia-Pacifi c in 2018—the Dorado 
oil discovery in Australia.”

Harwood said there is potential 
for the volume estimate to increase 
as appraisal of the fi nd progresses. 
He added that Repsol and Indonesia 
will likely look to fast-track the devel-
opment of the discovery.

“We think 2024-2025 is a realistic 
estimate for fi rst production, and 
with a resource estimate of 2 Tcf, 
the fi eld could produce around 
300 MMcf/d [8.4 MMcm] for 
around 15 years,” Harwood said.

Wood Mackenzie reported that 
in the near to medium term, the 
KBD-2X discovery will partially 

Righting the ship in Southeast Asia
As IOCs exit the area, regional operators look to stem the tide of declining production.

Repsol’s KBD-2X discovery is in the Sakakemang offshore block. (Source: Repsol)
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offset the declining production from other domestic 
fi elds and reduce reliance on LNG.

“Longer term, Indonesia needs to continue to attract 
explorers, particularly in the more diffi cult but potential-
ly more prospective eastern basins,” the company stated.

Abadi
Discovered by INPEX in 2000, the Abadi gas fi eld in the 
Timor Sea is estimated to hold about 283 Bcm (10 Tcf) 
but remains undeveloped. Shell is a nonoperating part-
ner on the project with 35% interest. In 2015 the project 
partners submitted a plan of development to the Indo-
nesian government for a fl oating LNG development 
concept, but in 2016 the government rejected the plan. 

According to Wood Mackenzie, the Indonesian gov-
ernment favored the onshore LNG development hop-
ing that it would better benefi t the local community 
and enable higher local content. 

INPEX subsequently entered into discussions with 
the Indonesian government to “secure economic effi -
ciencies,” according to the company, and conducted 
pre-FEED work based for an onshore LNG development 
scheme with annual LNG production capacity of 9.5 
MMtons. Currently, INPEX is in discussion with the 
authorities on the plan of development.

According to INPEX, the Indonesian authorities rec-
ognized the Abadi LNG Project as a National Strategic 
Project in June 2017, and the project was given Priority 
Infrastructure Project status in September 2017, which 
INPEX said could result in an acceleration in licensing 
processes. The production-sharing contract between 
INPEX and the Indonesian government runs through 
2028, but negotiations are continuing to extend that 
deadline another 20 years.

 “Given the number of uncertainties surrounding the 
development of Abadi, we believe it is unlikely that an 

FID [fi nal investment decision] can be achieved before 
2020, or fi rst LNG production before 2026,” Wood 
Mackenzie reported.

Future projects
Despite generally downward production trends for 
the Southeast Asia region, there are still a number of 
developments on the horizon, in addition to Abadi and 
KBD-2X. According to a recent report by GlobalData, 
there are 47 oil and gas projects that are expected to 
start operations in six countries through 2025.

Of those projects, 22 have identifi ed development plans 
and 25 are in the early stages undergoing conceptual 
studies with expected approval, according to GlobalData.

The report states that the key projects are expected to 
contribute about 197,000 bbl/d of oil and 260,515 cu. 
m /d (9.2 MMcf/d) of gas production. Of the projects 
planned, Malaysia will produce nine, with Indonesia 
contributing eight and Vietnam three. Indonesia has 
10 projects that have been offi cially announced, with 
Malaysia announcing nine and Vietnam fi ve, according 
to GlobalData.

Meanwhile, Exxon Mobil is moving forward with its 
Blue Whale project, discovered in 2011. Ca Voi Xanh, 
or Blue Whale, is located in Block 118 offshore Vietnam 
and is the country’s largest gas fi eld with 150 Bcm (5.2 
Tcf) of reserves. According to the company, the devel-
opment consists of an offshore platform, a pipeline to 
shore, an onshore gas treatment plant and pipelines that 
supply gas for power generation for four power plants.

Exxon Mobil is targeting 2020 for an FID on the project.

Looking ahead
As IOCs look elsewhere for more economic and less pro-
hibitive opportunities, regional players are stepping into 
the vacancies. Companies like JXTG, Mitsubishi, POCO, 
Kufpec, Medco Energi, Saka Energu and others have 
been accumulating assets. 

According to Wood Mackenzie, companies like these 
have acquired more than 600 MMboe of resources in 
Southeast Asia while seeing production increase from 
260,000 boe/d in 2008 to more than 675,000 boe/d 
in 2018.

“As the majors and IOCs relinquish assets in 
Southeast Asia, national oil companies will inevitably 
have greater roles to play to prevent domestic produc-
tion decline,” said Ashima Taneja, Wood Mackenzie 
senior research manager. “Partnering with those who 
still consider the region as core will be critical in deliv-
ering the message that the region is still open for busi-
ness in the upstream sector.” 

REGIONAL REPORT: 

SOUTHEAST ASIA

Repsol owns mineral rights in six development blocks in Malaysia. 

In 2017 the company’s net production in the country was 8.2 

MMboe. (Source: Repsol)
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Annabel Green, Tendeka

In many oil reservoirs, the ultimate recovery can be 
improved through the injection of water for both 

pressure support and flood of the reservoir to sweep 
residual oil toward the producer wells. The injected 
water must be distributed uniformly into the reservoir 
structure to generate effective sweep. Reservoir het-
erogeneity, faults and fractures and frictional pressure 
losses lead to inefficient sweep, bypassed oil and early 
water breakthrough into production wells.

Injection control devices (ICDs) can provide a 
cost-effective means of effectively distributing flow. 
Deployed as part of the lower completion or retro-
fitted into an existing well, the lower completion is 
segmented into multiple zones or compartments with 
one or more devices per zone.

The ICDs provide a flow restriction across the 
completion creating a pressure drop as a function 
of the flow rate into the zone. The relationship 
between rate and pressure drop can be engineered 
by changing the size or quantity of the ICDs to limit 
injection into high permeability zones and increase 
injection into low permeability zones. Thereby flow 

distribution is achieved. For some applications, with 
a correctly designed completion, this technology 
has been proven to be highly effective in improving 
injection distribution. 

To effectively manage flow distribution in a reservoir 
with highly conductive fractures, it is necessary to deploy 
highly restrictive ICDs in the compartments contain-
ing the fractures to accommodate the large injectivity 
contrast between the reservoir pore structure. The 
challenge for both production and injection application 
with ICDs is the detection and identification of such 
fractures during reservoir characterization and logging 
of the wellbore before installation of the completion.  

ICDs are fixed designs and once installed cannot be 
adjusted, except through well interventions in the case 
where sliding sleeves also are used. An additional chal-
lenge in water injection applications is dynamic changes 
in the reservoir due to the injected water process. 

These include
• Fracture propagation due to hydraulic pressure;
• Thermal fracturing due to the injection of cold 

water to the relatively hot reservoir;
• Formation impairment due to the injection of solids, 

oil in water, shale swelling or bacterial responses;
• Any unexpected variations in fluid responses; and

• Existing ICD technology 
can only accommodate 
these changes using 
highly restrictive set-
tings throughout the 
completion. However, 
the high-resultant pres-
sure loss can have a sig-
nificant impact on the 
topsides requirements 
and does not offer a 
practical solution.
In response to the chal-

lenges of effective water 
injection in dynamically 
and naturally fractured 
reservoirs, Tendeka has 
developed a reactive or 

Improving injected water conformance 
in fractured reservoirs 
Rate limiting control devices optimize reservoir sweep.

FIGURE 1. The FloFuse helps increase oil recovery by improving injected water conformance in fractured 

reservoirs or by ensuring effective placement of matrix stimulation acids. (Source: Tendeka)
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autonomous ICD technology that adjusts without inter-
vention to a more restrictive setting when fractures or 
other reservoir features create thief zones. This allows 
the optimum setting to be maintained for both injec-
tions into the pore spaces and for effective fracture 
control while retaining the cost-effective benefi ts of 
ICD and the robustness of this technology for life-of-
well operations. 

The FloFuse system achieves this effect using a dual 
ICD setup (Figure 1). 

The ICDs are mounted into the completion base pipe, 
in this example a sand control screen. Injected water 
passes through the ICDs into a housing mounted at one 
of the screens, through the housing to the underside 
of the screen section and then out into the annulus 
between the screen and formation. In normal injec-
tion mode, the ICD setting is the combination of the 
fl ow area of the FloFuse itself and the “Fracture ICD,” 
which is simply a highly restrictive ICD nozzle. When 
the fl ow conditions are reached to activate the FloFuse, 
this device closes and the injection is restricted by the 
smaller resultant fl ow area of the fracture ICD alone. 

Figure 2 shows the performance of the FloFuse 
System in more detail. 

In application, the completion is designed so that effec-
tive conformance into the matrix or pore structure can 
be achieved in the “normal operating range” with the 
combined fl ow area of the FloFuse and Fracture ICD. If 
a fracture is encountered, which causes the fl ow rate to 
increase, the FloFuse will trigger to provide a more restric-
tive setting for effective control of fl ow into the fracture. 

The valve remains dynamically reactive and will reopen 
if distributed fl ow can be achieved. The dynamic and 
reversible operation of the valve makes it suitable for 
applications where the permeability contrasts change 
over time, such as in thermally fractured water injection 
wells and where matrix stimulation is used to improve 
near-wellbore permeability. 

FIGURE 2. In this chart, pressure drop across the system is shown as a function of fl ow rate. The blue curve depicts the baseline 

performance created by the combined fl ow area of the FloFuse and the Fracture ICD, and the red curve depicts baseline 

performance of Fracture ICD. The green dotted line shows the FloFuse performance as it switches between these two baselines. 

In this setup, when the rate through the sand control joint exceeds 400 bbl/d, the FloFuse will trigger shifting the performance to the 

Fracture ICD. Conversely, when the rate through the Fracture ICD drops below 45 bbl/d, the system will revert to the less restrictive 

baseline. (Source: Tendeka)

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.

FLOFUSE PERFORMANCE
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Fluid recovery system provides higher  
quality fluids
The BRANDT AFRS fluid recovery system from 
National Oilwell Varco (NOV) allows recovery of up 
to 95% of the fluid that is generally lost on cuttings, 
resulting in higher quality fluids due to little to no 
solids degradation, according to the company. The 
AFRS hopper is positioned beneath the shaker slides. 
After primary separation occurs at the rig shale shak-
ers, the cuttings fall into the AFRS hopper and are 
pumped to a drying centrifuge using a patent-pend-
ing process, yielding oil on cuttings down to 6%. As 
this pump can move live seafood, it is ideal in being 
able to process cuttings from the shaker without 
detrimental cuttings degradation, thus significantly 
reducing the creation of low-gravity solids in the 
recovered fluid stream. nov.com

Boosting subsea oil recovery
Aker Solutions and FSubsea have agreed to create 
FASTSubsea to help operators increase oil recovery in 
a faster, simpler and more environmentally friendly 
way, a press release stated. Multiphase subsea pumping 
technology has the potential to increase oil recovery 
rates by more than 20%, but cost, space limitations and 
sometimes complex solutions mean multiphase pumps 
are installed in fewer than 30 of the world’s 1,500-plus 
offshore fields. New company FASTSubsea combines 
Aker Solutions’ high-performance multiphase hydraulic 
technology with FSubsea’s Hydromag technology to 
create the world’s first “topside-less” multiphase boost-
ing system, according to the release. The pump module 
solution being developed by FASTSubsea can cut capex 
by half and enable subsea boosting at fields where there 
is no available topside space. Getting more out of exist-
ing wells reduces CO

2
-emissions per barrel. fsubsea.com, 

akersolutions.com

Error-proof method rapidly obtains drilling 
assembly offset
AccuScribe is an automated conventional drilling assem-
bly offset (DAO) system. This hardware and software 
provides an error-proof method to rapidly obtain an 
accurate DAO, according to the company. In drilling for 
oil, the predictability of a drilling assembly is critical for 
reaching peak performance, and the accurate alignment 
of the DAO is a critical process in pre-run bottomhole 
assembly. A DAO is a process of transposing the high 
side of the MWD to the mud motor high side, such that 
the drilling wellbore can be directionally drilled with 
the drilling assembly according to a predetermined 
well path. Companies that choose to implement and 
standardize their operations with AccuScribe will see 
a return on their investment of up to 18 times the cost 
with minimal disruption to their current operations. 
Since its product launch in March 2018, AccuScribe has 
provided more than 600 offset measurements. The Accu-
Scribe development team has gathered user feedback to 
enhance user experience. AccuScribe BLACK (version 
3) launched in May and comes complete with the com-
pany’s new iOS application, ready to deploy in a matter 
of hours to the drilling rig. accuscribe.us

New oil and gas drone inspection technology
Recently released by Xtreme Cubes Corp. and Avi-
Sight Inc., the C3UBE is a sophisticated drone mobile 
command center. AviSight deploys the C3UBE for the 
inspection of oil, gas and power critical infrastructure. 
It allows simultaneous and multiple beyond-visual-line-
of-sight (BVLOS) flight missions and provides real-time 
data transmission and artificial-intelligence-assisted fault 
detection in the most remote of locations. By enabling 
BVLOS flight of significant distance, for the first time 

The AFRS  

transfers whole  

wellbore cuttings directly  

from the shale shakers to a  

processing centrifuge, producing a  

dryer waste stream and yielding a cleaner 

recoverable drilling fluid. (Source: NOV) 

AccuScribe BLACK (version 3) can be deployed to the drilling 

rig in a matter of hours. (Source: AccuScribe)
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drones are a real alternative to the unsafe and ineffi-
cient methods of inspection, which include helicopters 
and dangerous manual logistics. When critical infra-
structure companies make this transition to unmanned 
data collection, they are able to cut costs, save lives and 
provide better service with less interruption to the final 
customer. xtremecubescorp.com, avisight.com

New simulator training for next generation 
electric vehicles
Forum Subsea Technologies has released the latest 
version of its VMAX simulator to integrate with its 
next-generation of electric ROVs (eROV), a press 
release stated. The XLe Spirit was the first vehicle to be 
launched from the new range last year, and Forum has 
now added the eROV to its choice of vehicles within 
the simulator. The new lightweight and ergonomically 
designed eROV Hand Controller console also can be 
interfaced to VMAX to allow pilots to be trained in the 
use of the new console. The VMAX software is a 3-D 
ROV simulation system that is predominantly used for 
the training and evaluation of ROV pilots. It also can be 
utilized by subsea engineering teams for modeling and 
verification of procedures involving intervention tasks 
for subsea equipment. The system provides a variety 
of ROV scenarios designed to test pilots’ skills, such as 
tether management, manipulator control and tooling 
operation within realistic operational conditions. The 

XLe Spirit is the smallest in the new range but is power-
ful enough to perform subsea maintenance and repair 
work with the use of its optional electric or hydraulic 
five-function manipulator arm. f-e-t.com

New clamp meters allow users to measure 
current in tight spaces 
Emerson is expanding its Greenlee test and measure-
ment offering with four new meters and probes: the 
CMF Series (CMF-110 and CMF-118 flexible clamp 
meters) and the FC Series (FC-110 and FC-118 flexible 
clamp current probes), according to a recent product 
announcement. The flexible coils allow professionals 
to measure current in hard-to-reach cables and large 
conductors that hard-jaw clamp meters cannot clamp 
around. Available in either 10-in. or 18-in. flexible coil 
offerings, Greenlee’s CMF Series flexible clamp meter 
is a standalone meter that accurately measures true 
root mean square alternating current (AC), AC volt-
age, resistance, frequency and inrush current, and has 
a bright LCD screen to display measurements clearly. 
The CMF Series features a flexible coil that profession-
als can easily thread around large conductors. Capable 
of reading measurements up to 3,000 amps, the CMF 
Series has a convenient auto or manual range selection 
and a unique data hold function that captures measure-
ment for reading after the professional removes the 
meter from the conductor or enclosure. In addition, 
Greenlee’s FC Series flexible clamp current probe offer-
ings are compatible with most meters that measure AC 
millivolts using universal banana leads. Also available in 
10-in. or 18-in. coil options, the FC Series add measure-
ment capability of up to 3,000 amps to existing meters. 
A manual range selection feature for AC current 
enhances performance by allowing the professional to 
select measurement ranges up to 30 amps, 300 amps or 
3,000 amps. emerson.com

Seal-less pumps have no seals or packing to 
leak, wear or replace
Wanner Engineering Inc. has released its new Hydra-
Cell T200 Series medium-pressure pumps. They fea-
ture a seal-less design that avoids the maintenance 
problems of mechanical or dynamic seals and packing 
that can leak and wear, a press release stated. With 
flow rates up to 95 gpm (359 l/min; 3,258 bbl/d) and 
a maximum pressure rating of 3,500 psi, Hydra-Cell 
T200 models are ideal for a variety of high-capacity 
applications including saltwater disposal, saltwater 
injection, bulk transfer and hydraulic lift in oil fields as 
well as steam generation, reverse osmosis in water and 

For oil and gas industry inspection and surveillance, a drone 

mobile command center enables BVLOS data collection and 

near real-time data streaming from almost any point within any 

critical infrastructure network. (Source: Xtreme Cubes Corp.)
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wastewater treatment, mine dewatering, boiler feed, 
and high-pressure cleaning. The seal-less design means 
that Hydra-Cell T200 pumps do not have a leak path 
and therefore eliminate hazardous volatile organic 
compound emissions and the cleanup and disposal 
costs of packed-pump leakage. This also eliminates 
the need for external lubrication and maintenance as 
well as plunger wear problems associated with packing. 
Hydra-Cell T200 Series pumps can run dry without 
damage, will operate with a closed or blocked suction 
line and can pump hot abrasive fluids effectively. The 
Hydra-Cell T200 Series pumps employ hydraulically 
balanced, multiple diaphragms that enable the pump 
to handle high pressures with low stress and process 
abrasive particulates up to 800 µ in size. hydra-cell.com

Garment designed to save lives offshore 
Iron Ocean worked with the Oil & Gas Innovation 
Centre and Heriot-Watt University to develop the 
Centurion 3, a three-layer upper body garment that 
produces heat when immersed in cold water and is 
designed to be worn under the traditional offshore 
survival suit, a press release stated. A prototype of the 
garment, which could save the lives of offshore work-
ers in the event of an accident at sea, was unveiled Jan. 
17. The three layers are tear-resistant, fire-retardant 
and compression fit, making the Centurion 3 less 
bulky and restrictive compared to traditional suits, and 
gives the wearer increased mobility and protection. 
Current garments worn under the survival suit do not 
provide active heating. Consequently, immersion into 
the cold waters of the North Sea, for instance, causes 
the body temperature of the wearer to very rapidly 
decrease with an estimated life expectancy of 10 to 12 
minutes. By comparison, the newly developed material 
incorporated into Centurion 3 immediately activates 
when in contact with water and produces a heat out-
put above the average body temperature for more 
than 20 minutes. Therefore, the self-heating material 
allows the wearer to retain body heat during a criti-
cal period, preventing the fatal effects of cold water 
immersion. ironocean.co.uk, ogic.co.uk 

Multiservice vessel serves deepwater  
stimulation, intervention needs
Oceaneering International Inc. has taken delivery of the 
advanced subsea construction support vessel Ocean Evo-

lution, according to a press release. The vessel has com-
pleted sea trials and received all necessary ABS and U.S. 
Coast Guard certifications and is in Port Fourchon, La., 
completing final outfitting and preparing for project 

work scheduled to begin in June. The Ocean Evolution is 
the most advanced, U.S.-flagged, Jones Act-compliant, 
multiservice vessel on the market. Its capabilities are 
headlined by its 250-mt active heave compensated 
(AHC) crane, two work class ROVs with AHC launch sys-
tems, survey systems and subsea tooling all built for work 
in up to 4,000-m (13,123-ft) water depths. The vessel 
serves the deepwater stimulation and intervention needs 
of its customers with its well stimulation and well inter-
vention design, ABS Well Stimulation and Well Interven-
tion ready notation and under deck capacity to store 
special products. oceaneering.com 

Please submit your company’s updates related to new  

technology products and services to Ariana Hurtado at  

ahurtado@hartenergy.com.

Oceaneering boosted its multiservice vessel fleet with the 

recent addition of the Ocean Evolution. (Source: Oceaneering)
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https://www.oceaneering.com/
mailto:ahurtado@hartenergy.com
http://www.hartenergy.com/mea
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1 US

Occidental USA Inc. announced 
a Wolfcamp discovery in the Dela-
ware Basin in Lea County, N.M. IHS 
Markit reported that the 6,719-m 
(22,047-ft) Lost Tank 30-19 Federal 
Com #031H well flowed 3,529 bbl of 
oil, with 194,083 cu. m (6.854 MMcf) 
of gas and 5,643 bbl of water per 
day. Production is from perforations 
at 3,687 m to 6,720 m (12,097 ft to 
22,048 ft) following a 50-stage frac-
turing. It is in Section 19-16s-032e 
and was drilled to the south with 
a true vertical depth of 3,590 m 
(11,778 ft). It bottomed in Section 
30-22s-32e. Tested on a 17/64-in. 
choke, the shut-in casing pressure 
was 2,131 psi.

2 UK

An appraisal well has been planned 
by Rathlin Energy Ltd. in the 
onshore U.K. petroleum explora-
tion and development license 183 
in East Yorkshire. According to the 
company, the well is designed to 
test two targets with gross contin-
gent resources of 5.3 Bcm (189 Bcf) 
(31,500 boe) at the West Newton 
A-1 gas discovery. The appraisal well 
at West Newton A-1 has two objec-
tives—appraise the Kirkham Abbey 
gas discovery and test a deeper 
Cadeby Formation reef flank oil 
prospect. The reef flank Cadeby 
oil prospect has a gross prospective 
resource of 79.1 MMboe.

3 UK

i3 Energy has scheduled an explo-
ration well on the Serenity Prospect 
on the Liberator Field in the U.K. 
sector of the North Sea at appraisal 
well A3 in Block 13/23c of pro-
duction license 198. According to 
the company, the field is in Block 
13/23d and extends northwest into 

Block 13/23c where the Serenity 
Prospect is located. The appraisal 
well in the Serenity Prospect will 
de-risk and confirm hydrocarbon 
volumes in the Liberator and Seren-
ity structures, where company-es-
timated reserves are 314 MMbbl 
(Liberator) and 197 MMbbl (Seren-
ity). The following wells in the pro-
gram will be the Liberator Phase 1 
L2 pilot well and S1 appraisal well. 
Exploration is intended to deter-
mine the placement of a second 
Phase 1 production well in the Lib-
erator Field. 

4 UK

Equinor has announced results 
from the Verbier appraisal well 
20/05b-14 on the U.K. Continen-
tal Shelf in the North Sea. It was 
drilled to 3,784 m (12,415 ft), and 
based on preliminary observations 
during drilling, the well did not 
encounter Upper Jurassic sands as 
anticipated. The current resource 
estimate is 25 MMboe. The well 
results will be integrated with the 
processed data from the 3-D seismic 
survey acquired in 2018 to evaluate 
the upside potential for further 
Verbier appraisal activity. A large 
part of the mapped area of the Ver-
bier discovery, located to the north-
west of the 20/05b-14 well remains 
untested. Additional resource 
potential also has been identified 
in a deeper horizon beneath the 
Verbier discovery. 

5 Bulgaria

An exploration well offshore Bul-
garia has been scheduled by Shell 
Oil Co. in the 1-14 Khan Kubrat 
Block in the Black Sea. The block has 
a planned depth of 1,300 m (4,265
ft). Exploration in the offshore area 
is part of an effort by the country to 
end its dependence on Russian gas.

6 Israel

Energean Oil & Gas announced results 
from offshore Israel exploration well 
Karish North 1. Preliminary analysis 
indicates the initial gas-in-place esti-
mate is between 28.3 Bcm and 42.4 
Bcm (1 Tcf and 1.5 Tcf) in a high-qual-
ity reservoir in the B and C sands. It 
was drilled to 4,880 m (16,010 ft) and 
hit a gross hydrocarbon column of up 
to 249 m (817 ft), and a 27-m (88-ft) 
core was recovered to surface. Fur-
ther evaluation is planned to refine 
resource potential and determine the 
liquids content of the discovery. The 
well will be deepened to evaluate the 
hydrocarbon potential of D4 Sands. 
After operations are completed, the 
drillship will drill three more Karish 
Main development wells. 

7 India

Vedanta Ltd. announced an oil dis-
covery at exploration well H2 in Block 
KG-OSN-2009/3 in the Krishna- 
Godavari Basin offshore India. 
According to the company, multi-
ple reservoir zones were encoun-
tered within the Mesozoic sequence 
between 3,310 m and 4,026 m 
(10,859 ft and 13,209 ft) with hydro-
carbon indications during drilling 
and downhole logging. A drillstem 
test was performed in a zone at 3,403 
m to 3,431 m (11,165 ft to 11,256 ft). 
Further appraisal drilling and testing 
are planned to establish the size and 
commerciality of the oil discovery 
in the Mesozoic sequence. The first 
exploration well in the block, A3-2,
was completed as a gas discovery. 
Evaluation is ongoing based on the 
results from A3-2 and H2 and will 
help finalize the prospect. 

8 Australia

Santos Ltd. has successfully com-
pleted the Moomba South Patcha-

http://HartEnergy.com
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warra Formation Phase 1 appraisal 
program in South Australia’s Cooper 
Basin. The Moomba South Phase 1 
appraisal program has confi rmed a 
signifi cant gas resource and resulted 
in seven new wells now producing in 
the basin. The program also success-
fully targeted two new plays in Granite 
Wash and Fractured Granite, which 
have the potential to add signifi cant 
new resources. Testing of both plays 
resulted in stable gas fl ows to surface. 
The Granite Wash has recently shown 
to be a proven producing horizon 
on the fl anks of the Moomba North 
Field. The majority of the Moomba 
South appraisal wells penetrated this 
interval and improved the overall 
understanding of this play. A num-
ber of the appraisal wells have been 
tested and have fl owed stabilized gas 
rates from intervals of elevated gas 
shows through Granite Wash. Stim-
ulation and testing of the Fractured 
Granite in one of the eight wells 

also has demonstrated stable gas 
fl ows to surface. 

9 Papua New Guinea

Oil Search Ltd. announced results 
from the Muruk 2 appraisal well in the 
petroleum development license 9 joint 
venture in Papua New Guinea’s High-
lands Province. According to the com-
pany, the venture has confi rmed an 
extension of Muruk Field. A drillstem 
test in the Cretaceous Toro Sandstone 
reservoir has confi rmed the presence 
of gas in the Toro A reservoir, with a 
similar composition to that tested in
Muruk-1 ST3. Pressure data from the 
appraisal indicate that the gas is on 
the same pressure gradient as that in 
Muruk-1 ST3 and confi rms the exten-
sion of the fi eld. The Muruk 2 well is a 
step-out and was drilled to the north-
west of the discovery well; it penetrated 
gas-saturated Toro A sands in pressure 
communication with Muruk-1 ST3. 

Additional fl ow testing is planned fol-
lowed by an extended shut-in period 
to allow pressure buildup, which will 
assist in constraining the gas resource 
volume in the Muruk Field. 

10 New Zealand

OMV has scheduled an offshore New 
Zealand well in the Great South 
Basin offshore the Otago coast. The 
company is planning to drill three 
wells and up to seven appraisal wells 
in the program. OMV is targeting gas 
deposits and possible condensate in 
Tawhaki. OMV acquired its two per-
mits, blocks PEP4863 and PEP50119, 
in the Great South Basin in 2018 
from Royal Dutch Shell. 

1

2

3

4

5

6

7

8

9

10

For additional information on these projects 
and other global developments, visit the 

activity highlights database at

http://HartEnergy.com
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PEOPLE

Laredo Petroleum has appointed 
Mikell J. “Jason” Pigott CEO. He 
will succeed Randy A. Foutch, who 
will be retiring at the end of the 
year. The company also promoted 
Michael T. Beyer to senior vice pres-
ident and CFO, replacing former 
CFO Richard C. Buterbaugh.

Roan Resources Inc. CEO Tony 

Maranto has resigned. Joseph A. 

Mills has been appointed execu-
tive chairman of the board and will 
assume the duties and responsibil-
ities of the principal executive offi-
cer of Roan. These appointments 
are on an interim basis until the 
company’s search for a new CEO  
is completed.

In April, ABB’s board of directors 
and Ulrich Spiesshofer agreed for 
him to step down from his role as 
CEO. The chairman of the board, 
Peter Voser, became interim CEO in 
addition to his current role. An offi-
cial search to find a new CEO has 
been initiated.

Genel Energy Plc promoted Bill 

Higgs to CEO.

PG&E Corp. appointed William 

“Bill” Johnson CEO and president. 
In addition, the new PG&E board 
of directors includes Richard Bar-

rera, Jeffrey Bleich, Nora Mead 

Brownell, Cheryl Campbell, Fred 

Fowler, Richard Kelly, Michael 

Leffell, Kenneth Liang, Dominique 

Mielle, Meridee Moore, Eric  

Mullins, Kristine Schmidt and  
Alejandro Wolff.

Daniel Fitzgerald has been pro-
moted to COO of International 
Petroleum Corp., and Ryan Adair 
will assume the role of vice president 
of asset management and corporate 
planning for IPC Canada.

Talos Energy Inc. has appointed 
Shane Young III executive vice presi-
dent and CFO.

Blueknight Energy Partners LP has 
named Andrew Woodward CFO.

Tethys Oil has appointed William 

Holland CFO, following the decision 
by Jesper Alm to step down. Alm will 
remain available to the company 
until Sept. 30.

Gregory L. Hood has been selected 
as senior vice president and chief 
commercial officer of Southcross 
Energy Partners GP LLC. Hood suc-
ceeds Joel D. Moxley, who resigned 
from Southcross in early April.

Michael Rutkowski has joined  
GTI as the senior vice president  
of research and technology  
development. 

Add Energy has appointed 
Susan Steyn vice president, 
overseeing the continued 
growth of its Asset and 

Integrity Management division in 
the U.S. and Canada.

Airswift has promoted Kati 

Greenall (left) to vice pres-
ident of strategic accounts, 
and Jason Goodall has 

been appointed strategic accounts 
director. Additionally, Troy Trevino 
has been appointed field operations 
manager, and Albert Kahlow has 
been appointed regional director 
for Canada. 

BCCK Holding Co. has 
appointed Don Tyler 
director of engineering. 

Malin React, a newly 
launched arm of the Malin 
Group, has selected Graham 

Penman as a business unit 
manager to head up its operation. 

MFG Chemical has named 
Dana Gibbs to the newly 
created position of corpo-
rate planning and supply 

chain manager. 

Halcón Resources Corp.’s board 
of directors has appointed Carin 

Barth to the board as a Class A 
director who is expected to stand 
for re-election at the company’s 
2020 annual meeting.

Peter Stickland has been appointed 
nonexecutive chairman of Entek 
Energy Ltd., and Dougal Ferguson has 
been appointed managing director. 

Cairn Energy has named Alison 

Wood an independent nonexecutive 
director, effective July 1.

Denbury Resources Inc. has 
appointed Mary M. VanDeWeghe 
to its board of directors.

 COMPANIES

Occidental Petroleum Corp. entered 
into a definitive agreement in May to 
acquire Anadarko Petroleum Corp. 
in a transaction valued at $57 billion. 
The transaction is expected to close 
in the second half of the year. 

Wellbore Integrity Solutions (WIS), 
an affiliate of private-equity firm 
Rhône Capital, and Schlumberger 
jointly announced in May that they 
have entered into an agreement 
for WIS to acquire the businesses 
and associated assets of DRILCO, 
Thomas Tools, and Fishing & 
Remedial services, along with part 
of a manufacturing facility located 
in Houston.

Oceaneering International Inc.  
has launched a new global engi-
neering consultancy aimed at 
delivering specialist technical  
engineering solutions that  

http://HartEnergy.com
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complement its existing Asset Integ-
rity business. 

De Nora announced the acquisition  
of a majority interest in Neptune 

Enterprises LLC, forming De Nora 

Neptune LLC.

De Nora and Kendra II LLC are near-
ing completion of a new produced 
water recycling facility to service the 
Marcellus Shale. 

Dow Microbial Control changed its 
name to DuPont Microbial Control in 
early April.

Gardner Denver Petroleum &  

Industrial Pumps has opened a  
warehouse in Neuquén, Argentina, 
that is designed to support frac, drill-
ing, well services and water jetting 
pumps with the company’s parts, ser-
vice and support.

TGS has agreed to acquire Spectrum 

ASA. The transaction is expected to 
close in the third quarter.

Smart Data Solutions, part of CGG’s 
Geoscience division, has opened a new 
reservoir fluids and gas sample storage 
facility in Schulenburg, Texas. 

Penspen has opened a new office 
in Aberdeen following a growth in 
demand for its engineering and asset 
integrity services in the area. 

Falconer Oil and Gas is the new energy 
company founded by wildcatter Floyd 
Wilson—two months after he resigned 
as CEO of Halcón Resources.  

Acteon, a subsea services group, has 
agreed to acquire Benthic, an offshore 
marine geotechnical and geophysical 
survey company. The transaction was 
expected to be completed in May. 
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Peter M. Duncan, Microseismic

Irecently asked millennials in my office if they were 
familiar with King Hubbert. While most had heard of 

the concept of “peak oil,” few knew that it was a Shell 
geologist who had modeled the rise and fall of U.S. oil 
production 63 years ago. The concept of hydrocarbons 
as a finite resource whose levels of production must 
ultimately peak and then decline is almost as old as oil 
production itself. What set Hubbert apart was that he 
developed a numerical model that incorporated statisti-
cal rates of discovery, and for a time his model seemed 
accurate. He predicted U.S. oil production would peak 
between 1965 and 1971, then retreat. U.S. production 
did peak in 1970 and declined for the next several 
decades. The accuracy of his 
predictions reinforced the per-
ception that hydrocarbons were 
a limited resource that would 
become increasingly scarce 
before 2000.

So long as the concept of 
“peak oil” was the guiding under-
standing of our industry and the 
investors who support it, opera-
tors were rewarded for replacing 
and increasing their reserves. A 
significant percentage of current 
income could be invested in 
finding new reserves that would 
be produced in the future at presumably ever-increas-
ing prices. Indeed, the market allowed operators to 
spend more than current income to find the resources 
of the future. Exploration and the 3Ps of reserves were 
the order of the day. 

This set up an interesting and somewhat contradic-
tory dynamic. Recognition by major producers that 
their fields were in decline was good for commodity 
prices. Replacing reserves annually was good for attract-
ing investment and maintaining stock prices.

We know now that Hubbert’s predictions of pro-
duction decline have been consistently overthrown by 
technology, innovation and the industry’s resourceful-
ness. U.S. oil production in 2018 exceeded the previous 

record set in 1970 and continues to grow. Hubbert can 
hardly be faulted for not predicting horizontal drilling, 
high-intensity fracking, microseismic monitoring and 
how these developments have turned nano-Darcy rocks 
into producing reservoirs. Record setting production 
and the fact that the other 70% to 80% of the sedi-
mentary rocks in the world can now be reclassified as 
potentially productive has understandably called into 
question the notion of peak oil, or has pushed that 
event past the horizon of most investors. Monotonically 
increasing commodity prices have not materialized. 
A few rather public downward reserve revisions and 
the difficulty of estimating reserves in tight rocks have 
made the old business model unpopular.

The end game of all this has been a change in the 
way the market evaluates the business. It is no longer 

who can find the most for least, 
but rather who can produce at 
the lowest cost. Supply is unlim-
ited. Live within cash flow. Drive 
costs out. Exploration is mostly 
unnecessary. Geosciences are 
mostly irrelevant. Service com-
panies are struggling to justify 
their value in this new paradigm. 
Near-term return on investment 
(ROI) is the new king.

Don’t get me wrong. Money is 
how you keep score and inves-
tors deserve a good return, but 
those of us who have been 

around longer than a decade have learned that nothing 
continues in a straight line for very long. Prudence 
requires acknowledgement that King Hubbert was not 
wrong; he simply did not have all the facts. We would 
be well advised to expect some surprises as we venture 
to exploit the tight rocks of the world and to invest in 
better characterization of these newfound reservoirs to 
drill better, not just cheaper, wells. I cringe when I hear 
an operator say they want to drill “a science well or two” 
with the expectation they will then have the knowledge 
to design a template to exploit the entire field. Geology 
is not that simple. So please, settle down folks, spend a 
little on understanding these reservoirs to increase reve-
nue in the long run. Long live ROI. 

The king is dead    

Vive le ROI!

Invest in better  

characterization of  

newfound reservoirs to  

drill better, not just  

cheaper, wells.
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