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Fertile ground   
The next generation of energy innovators stands ready to 

tackle the next generation of energy challenges.

T
housands of students spent the latter part of May enjoying their last days 

as members at the top of the food chain that is being a high school senior. 

Upon graduating, they return to the bottom of the heap as first-year college 

or technical school students. 

As one valedictorian that I had the pleasure of hearing speak put it in her 

commencement address, for 13 years the 19 students in her class walked a 

single path and with graduation that number reversed, as each classmate 

sets out on one of 19 new paths. In that crowded high school gym, the plans 

for each were revealed. Many were bound for college programs in business 

and engineering. A few were bound for the military or technical schools.  

It was telling that words like “petroleum” and “energy commerce” factored 

into the future plans for these students familiar with words like “Eagle Ford 

Shale,” as their community sits just north (and outside) of the play’s oil win-

dow. Are there energy innovators in 2019’s Band of 19? 

Maybe. Time will tell and I will watch to see where the group lands.

For those a bit further along on their path, the energy innovation clock is 

ticking for the thousands of engineering, science and business college grad-

uates leaving their universities behind as they enter the workforce. The skills 

garnered through countless group projects, field trips and internships will be 

tested as each works to find solutions to the exploration, drilling, completions 

and production challenges facing the oil and gas industry. They will join a 

workforce that is already at work developing the next generation of energy 

innovations, many of which are featured in this month’s issue. 

In recognition of that next generation as well as those actively engaged in 

research, technology management and product or service applications, it is my 

distinct honor to announce E&P’s Energy Innovators recognition program. 

The program seeks to recognize today’s technology influencers that demon-

strate leadership and significant contributions to advancing oil- and gas- 

related technologies and innovations that enhance (or have the potential 

to enhance) a company’s mission or the industry’s long-term success. Nom-

inating up-and-comers is encouraged as this program seeks to recognize the 

diverse nature of today’s oil and gas industry. 

Nominations can be submitted at hartenergy.com/energy-innovators. Honorees 

will be announced in the fall and featured in a standalone supplement, the 

2020 Energy Innovators. 

See more details about E&P’s Energy Innovators  
program on pg. 13.

http://HartEnergy.com
mailto:jpresley@hartenergy.com
http://HartEnergy.com
https://www.hartenergy.com/energy-innovators


T
reatment problems in hydraulic fracturing operations 

can greatly increase overall cost of well completions.  

Higher-than-expected treatment pressures, extended 

pump time and screen-outs increase NPT (non-produc-

tive time) and deviations from the treatment program.  

Such issues can negatively impact ROI and have perma-

nent detrimental effect on field development.

Different factors contribute to operational issues in 

completing unconventional wells, with the most com-

mon being poor connectivity between wellbore and res-

ervoir. While rock properties play a role in connectivity, 

the most important factor is perforation quality, which 

drives initiation of the fracture system. Technologies 

such as downhole cameras or injectivity tests add oper-

ational risk and completion time. Here, we describe 

a novel, completely non-intrusive method to measure 

perforation quality that allows the operator to predict 

operational risk before a stage is pumped. 

Seismos-CONNECTTM is a pioneering approach to 

evaluate connection between the wellbore and reser-

voir via the perforations. Requiring only a connection 

to surface piping, Seismos-CONNECTTM is completely 

non-invasive and poses no operational risk (compared 

to methods such as fiber, or downhole cameras). The 

technology uses acoustics to 

investigate perforation tun-

nels immediately after they 

are shot. The process takes 

three to four minutes and 

does not disrupt normal oper-

ations. Perforation efficacy is 

determined instantly and the 

client is given a prediction of 

treatment risk for the coming 

stage. Seismos-CONNECTTM

is completed before pumping 

takes place and at a fraction of the cost of conventional 

methods; all with no extra downtime or operational risk.

With real-time information streaming on a per-stage  

basis, operators can use the alerts to adjust treatment  

when needed to mitigate potential pumping issues. Miti-

gation actions include re-perforating, increasing acid and/

or gel volumes, and reducing proppant concentration.

Over the past year Seismos-CONNECTTM has been 

applied to more than 1,000 stages, in four different 

basins, with zero false positives/negatives. Two case 

studies are presented below, one from the Eagle Ford 

basin and one from Haynesville. 

Lower Eagle Ford Shale
A well with 37 stages was competed in the lower Eagle 

Ford shale while running both Seismos-FRACTM and 

Seismos-CONNECTTM suites: Seismos-FRACTM measur-

ing fracture optimization and Seismos-CONNECTTM

providing operational assurance. Seismos-CONNECTTM

identified seven high-risk stages demonstrating a poor 

connection between the wellbore and the reservoir.  

The patent pending algorithm indicated a high likeli-

hood of pumping issues for these seven stages and the 

operator was warned before each stage. 

Measuring Perf Effectiveness in  
Real Time Will Save You Millions

SPONSORED CONTENT

The Seismos-CONNECTTM suite pro-

vides a clear visual to the oper-

ator of perforation quality, and 

warns frac engineers of potential 

injectivity problems before  

pumping operations commence.

Seismos-CONNECTTM
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All seven high-risk stages 
experienced elevated treating 
pressures. For six of them (stag-
es 11, 14, 19, 24, 26 and 37), 
the operator chose to increase 
acid volume, while reducing 
max proppant concentration, 
and add a mid-stage sweep. 
These preemptive actions 
enabled successful completion 
of the six stages despite the 
higher treating pressures. No 
action was taken for the sev-
enth high-risk stage (23) and it 
screened-out. This resulted in 
an additional $35,000 cost for 
flowback to clean the well.

Post-treatment analysis identi-
fied mineralogy as the main fac-
tor for poor perforation quality.

In the top right figure above, 
the wellbore log denotes per-
centage of limestone and the bar 
graph indicates stages Seismos-
CONNECTTM flagged as high-
risk due to poor connectivity; 
note the strong correlation.

Haynesville 

An operator used Seismos- 
CONNECTTM to monitor the 
first 14 stages of a well in the 
Haynesville shale. Seismos- 
CONNECTTM identified nine 
high-risk stages prior to treat-
ment. For the first five warnings (stages 2, 4, 7, 8 and 
9) no action was taken. Various operational issues, 
longer pump times, and increased NPT resulted. Stages 
2 and 4 experienced the highest treatment pressures, 
ultimately incurring $74,000 in additional pumping 
charges. Stages 7 and 8 screened-out, adding $364,000 
of completion costs for additional NPT and Coiled 
tubing operations.  No sand could be pumped during 
Stage 9.

For the remaining high-risk stages (11, 12, 13 and 14), 
the operator took action on the Seismos-CONNECTTM

alert by progressively increasing gel volume during the 
pad. These stages were successfully treated and all oper-
ational problems were mitigated. Stages not identified 
as high-risk by Seismos-CONNECTTM were pumped to 
schedule with no problems. 

In summary, the five high-risk stages where no action 
was taken incurred $502,000 in added cost. In contrast, 
the four high-risk stages where action was taken incurred 
additional mitigation cost of just $21,000. Had action 
been taken for all nine Seismos-CONNECTTM alerts, the 
operator could have saved over half-a-million dollars 
($500,000) in completion expenses for this well. 

Seismos-CONNECTTM Perforation Effieciency (Eagle Ford) 

Hart Energy IndustryVoice® allows marketers to reach our audiences by enabling them to create and place  

relevant content in our media channels – in print, online, via social media and at live events.  Each IndustryVoice®

piece is produced by the marketing sponsor and any opinions expressed by IndustryVoice® contributors are  

their own.  For questions about IndustryVoice® programs, email IndustryVoice@hartenergy.com.

Financial impact of poor perf efficiency
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Muqsit Ashraf, Accenture Strategy

A
mid declining returns and growing demand for 
cleaner energy and sustainable products, trust in 

traditional oil and gas business models is at risk. Key stake-
holders like consumers, employees, investors and suppliers 
are questioning whether oil and gas companies can play a 
meaningful role in the energy transition. This loss of trust 
can be costly. On average, almost 4% of future revenue 
could be at risk, according to Accenture Strategy research. 
That could translate to an average loss to future revenue of 
$9 billion for large national or integrated oil companies.

Beyond obvious dollar amounts, lack of trust can have 
unintended consequences that impact an organization 
internally. Prospective employees, customers and inves-
tors may be deterred from engaging with companies 
that are not perceived favorably in the public eye. 

Determining methods to bolster trust, confidence and 
reassurance will allow oil and gas companies to more suc-
cessfully understand and anticipate changes to their bot-
tom lines. Despite a company’s best efforts, it is impos-
sible to prevent trust incidents completely. However, oil 
and gas companies can prepare by having a strategy that 
balances growth, profitability, sustainability and trust. 

An ecosystem of trust to increase value
In the “Secure Trust to Secure Growth” report, Accen-
ture Strategy found that to achieve competitive agil-
ity, the energy industry will need nearly $40 trillion 
in investment capital across the value chain by 2040. 
While half of these dollars will go toward growing core 
operations, a significant share will need to be allocated 
to new business models and diverse growth opportuni-
ties, such as alternative energies, sustainable products, 
electrification, integrated services and cleaner, more 
efficient fossil fuel solutions.

The report’s findings also reveal that investors are 
increasingly skeptical of energy companies’ willing-
ness or ability to embrace business models that pro-
mote sustainability and positive social impact as well 
as their aptitude to adapt in the energy transition. 

The coal industry illustrates what the potential finan-
cial consequences of investor distrust might look like. 
While coal consumption in 2040 is expected to be 
just a few percentage points below its projected 2025 
peak, investments and valuation of coal producers have 
dropped dramatically. Several lenders and underwrit-
ers have stopped issuing funding or insurance for new 
projects, and the market capitalization of the top four 
U.S. producers has dropped 90% from $45 billion to 
$5 billion.

Firms that do not opt to strengthen trust in their core 
business or remake their reputations as champions of 
ethical, societal and environmental issues may expe-
rience a negative effect on their bottom line. Future 
competitiveness will require oil and gas companies to 
expand across value chains and deliver new categories of 
products and services at scale. But it is becoming clear 
that they cannot do it alone. They must build ecosystems 
of suppliers, peers, government agencies, academia and 
nongovernmental organizations to generate new value. 

Oil and gas companies must take steps to become 
more transparent and prove to investors that they can 
compete and grow in the future. Some of the large oil 
and gas firms are already doing so by divesting noncore 
assets, shifting to less carbon-intensive portfolios or 
expanding their alternative energy and power initiatives. 

Energy executives who wish to see sustained growth 
must place emphasis on securing stakeholder trust. 

How is trust affecting the bottom line?     
Declining returns and growing demand for cleaner energy and sustainable products are 

impacting stakeholder trust in oil and gas companies.

Oil and gas companies need a strategy that balances growth, 

profitability, sustainability and trust. (Source: Olivier Le Moal/

Shutterstock.com)

http://HartEnergy.com
https://www.shutterstock.com/
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Creating trust
Companies must create a strategy and governance model that demonstrates 

how healthy returns can be generated in the core business through innovation 

and transformation as well as in new business areas through well-reasoned port-

folio investments.

Oil and gas companies will be instrumental in developing a new energy 

system at scale. They are also uniquely positioned to develop new low-carbon, 

recyclable or reusable services or products. Educating consumers about the 

role of the industry, hydrocarbons and lower-carbon energy in the future 

is critical.

Historically, oil and gas companies have not been a popular place of employ-

ment for millennials. Accenture Strategy research shows that only 9% of college 

graduates want to work for energy companies. However, with the industry’s 

computing power, operational data and commitment to digitization, energy 

is one of the most dynamic, collaborative, tech-intensive industries there is. It 

also could become one of the most benefi cial to society by enabling economic 

prosperity and employment opportunities via the energy system transformation. 

Energy executives should attract talent by communicating the industry’s posi-

tion at the leading edge—technologically, societally and economically.

To become a trusted ecosystem partner, companies must clearly defi ne the 

rules of collaboration and highlight their vast experience in managing capital-

intensive projects. Joint ventures, public-private partnerships and new busi-

ness-to-business and business-to-consumer ecosystems can all benefi t from what 

oil and gas companies bring to the mix.

Companies should advocate operational integrity and safety, shun unethi-

cal practices and act responsibly to meet societal and environmental needs. 

According to Accenture Strategy research, nearly two-thirds of consumers 

are attracted to companies that take a stand on sustainability. It will become 

increasingly important for energy companies to not just invest in alternate, 

more environmentally friendly energy solutions, but to become more transpar-

ent in their actions.

Companies also should measure trust defi cits and quantify impacts; this is 

critical to mitigating corporate trust issues. Bold communication about opera-

tional and fi nancial outcomes, carbon emissions and other pollutants, product 

safety, and HSE incidents also is important. 

Oil and gas companies can begin to impact the future of their bottom line 

by bolstering trust, confi dence and reassurance with their stakeholders. By 

focusing on some core tactics, such as becoming a force for good or increasing 

transparency, corporations can shift public perception and become a more 

modern organization. This modernization will lead to increased benefi ts both 

internally and externally.

By reshaping the perception of a company, prospective employees, investors 

and customers will be more likely to engage and improve a company’s bottom 

line overall. Trust can no longer be considered a “soft” corporate issue in the 

oil and gas industry. The connection between trust and a company’s value is 

increasingly growing stronger and is a clear variable in the equation of a com-

pany’s competitiveness, fi nancial growth and brand success. 

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.

http://HartEnergy.com
mailto:jdavy@hartenergy.com
http://htinne@hartenergy.com
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Brian Walzel, Associate Editor, 

Production Technologies

I
t is no secret or surprise that the Permian Basin—
with its wildly prolifi c sub-basins, the Delaware 

and Midland—has fueled North America’s energy 
resurgence. According to the U.S. Energy Informa-
tion Administration, of the nearly 8.5 MMbbl/d pro-
duced by the U.S., the Permian Basin accounts for 
4.1 MMbbl/d of that productivity, or 49%.

Large and small independent producers and those 
in between have discovered the formula for success 
in their completion and production designs, and 
now supermajors like Exxon Mobil and Chevron 
are making substantial investments in shale and, in 
particular, the Permian Basin. But while a multitude 
of operators often focus their acreage in the core of 
the Delaware and Midland basins, a handful of oper-
ators have spread to the edges and found success in 
the fringes of the Permian Basin.

Among those are Scala Energy, Caza Petroleum and 
Henry Resources. Scala Energy has amassed 38,000 
net operated acres in Culberson County, Texas, on 
the western edge of the Delaware Basin. Caza Petro-
leum owns about 7,000 acres in the New Mexico 
portion of the Delaware Basin, of which about 5,000 
acres are in Lea County and about 2,000 are in Eddy 
County. The company produces more than 
4,500 net boe/d, Caza Petroleum reported during 
Hart Energy’s DUG Permian conference in April.

Henry Resources owns about 1,900 acres in 
Reeves County in the Delaware Basin, about 14,000 
acres in the Midland Basin and about 2,800 acres 
in the Central Basin Platform, according to David 
Bledsoe, company president. Over the next three 
years the company will allocate a capital budget of 
between $80 million and $140 million, Bledsoe said 
at the conference.

Scala Energy
Allen May, executive vice president of business 
development and exploration for Scala Energy, 
explained at DUG Permian that in 2012 early hor-
izontal development of the Western Delaware was 
sparse as a result of a loss of oil cut, low production 

volumes and high gas-oil ratio 
wells. In 2012 the average 
12-month cumulative produc-
tion in the Western Delaware 
was 100,000 boe, according to 
Scala Energy. 

“The Central Delaware was 
underway. It was performing 
better. The focus was shifting 
that way and the Upper Wolf-
camp was certain to come on,” 
May said. “I think what that did 

was really discourage the industry from working on 
this side.”

But by 2018, companies like Chevron, Cimarex 
and Scala began to migrate west, and as a result, 
volumes began to increase. In 2018 the average 
12-month cumulative production for the region was 
up to 400,000 boe, Scala reported. 

Today, Scala has drilled what is now the west-
ern-most well in the basin, May said. The company’s 
Norman well has been producing for more than 
two years and featured a 30-day IP of 942 bbl/d, 584 
bbl/d of NGL and 3,607 Mcf/d of reserve gas.

May said the Norman well helped prove the West-
ern Delaware could be a quality and economic pro-
ducer. “It’s an awesome well,” he said. “I’m serious 
when I say that most people thought [the Western 
Delaware] was pretty much a gas play before this well 
was landed.”

May also made note of a recently successful Wolf-
camp D well Scala put on production in its Western 
Delaware acreage. “We think that has the potential 
for 400 boe per foot,” he said. “For a 10,000-ft [3,048-
m] well, that’s a 4-billion-barrel-equivalent well. 
They’re really big wells.”

May said Scala has in the past partnered with 
Chevron on wells in addition to land deals. Scala 
will drill another well with Chevron as a partner 
this year while also planning to build out the 
region’s infrastructure, which May said has been 
“very, very challenging.”

“We’ve put in infrastructure and extra cost [into the 
budget] so we can move right into full development,” 
May said.

Making core out of the fringe 
Permian operators turn to the edge of the play.

Allen May

http://HartEnergy.com
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Caza Petroleum
In Lea and Eddy counties in New 
Mexico, Caza is developing 10 and 
eight stacked pay zones, respec-
tively, said Caza Petroleum COO 
Randy Nickerson during the DUG 
Permian conference. This year 
the company plans to drill nine 
wells in Lea County and four in 
Eddy County. 

Nickerson explained how during 
the past fi ve years, economic Bone 

Spring and Wolfcamp formations have grown in num-
ber from six in 2014 to more than a dozen in 2019, with 
formations such as the Avalon, Bone Spring and Wolf-
camp featuring multiple benches.

“At Eddy County, there’s a zone between the Second 
and Third Bone Spring, which is the Harkey,” Nickerson 
said. “It’s a little more highly oil saturated than the other 
ones. I think you’re going to see that’s going to be a new 
bench out there that people are going to start building. 
There are some older wells on it that maybe discourage 
people, but it’s a pretty good zone.”

Nickerson explained how in about 2013 much of the 
development in Eddy County focused in the Avalon and 
the upper shelf of the First and Second Bone Spring. By 
2019, and as a result of the full emergence of the Second 
and Third Bone Spring, much of the Eddy County acre-
age has been developed.

“Most of our acreage now is no longer what you’d call 
the fringe,” Nickerson said. “It’s coming into the core.”

Over the past three years, Caza has increased produc-
tion from less than 1,000 boe/d in the fi rst half of 2016 
up to a projected 5,000 boe/d in the second half of this 
year. According to its report issued at DUG Permian, the 
company also has lowered its lifting cost per barrel of 
oil equivalent as a result of saltwater disposal well agree-
ments, improved chemical treatments and the adoption 
of analytics for the company’s artifi cial lift operations. 

“We went from about $10 [per boe] in June of 2016, 
and today we’re close to about $5 for boe lifting costs,” 
Nickerson said.

Henry Resources
Following its $600 million transaction in 2008 with 
Concho Resources, in which about 90% of the com-
pany was sold, Henry Resources focused its operations 
with vertical wells in the Wolfberry Formation, where 
it drilled about 330 wells through 2012. Bledsoe said 
that in 2013 the company made the decision to “start 
going sideways.” In 2014 Henry Resources drilled its 

fi rst horizontal well in the Spra-
berry/Wolfcamp Formation and 
has drilled about 70 horizontal 
wells since that time. Today the 
company is producing about 
8,000 bbl/d, Bledsoe said.

Henry Resources is currently 
running one horizontal rig on its 
acreage. However, should cash fl ow 
allow, the company could deploy 
a second rig to fi nish drilling its 
Crane County project, he said.

Bledsoe said smaller operators often face more chal-
lenging circumstances when developing horizontal wells 
compared to vertical wells.

“Life is very different in the vertical world compared 
to the horizontal world,” he said. “When we drilled 
1,300 wells and 1,200 were vertical, we could step out 5 
or 10 miles [8 km to 16 km] on the 330,000 acres that 
we leased at one point and drill a $1 million well. We 
could test the concept, and if it was a dud, it was OK. It 
was just $1 million. In the grand scheme of things, that 
was not a big loss.” 

That allowed the company to take “geologic risks,” 
Bledsoe said.

“We cannot take that geologic risk in the horizontal 
plays,” he concluded. “So we’ve really stuck to our core 
acres. Drilling $8 million to $10 million wells for us, 
that’s not economic. It’s painful. So we’ve taken fringe 
acreage and made it our core plays.” 

(Speaker photos courtesy of Tom Fox, Hart Energy)

Randy Nickerson

David Bledsoe

Operators in the Permian Basin have found success developing in 

the fringes of the Midland and Delaware basins. (Source: G B Hart/

Shutterstock.com)

http://HartEnergy.com
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Richard Mason, Chief Technical Director

T
he rate of change in water use for Permian Basin 
well stimulation is moderating. While annual water 

use per well for stimulation rose in the mid-single digits 
on average in 2018, the growth rate slowed from the low 
double-digit increases during the post-2015 recovery in 
commodity prices. 

Significantly, that rate of change may turn neg-
ative for total water use by the end of the year as 
E&P companies release rigs and slow the pace of 
completions in the second half of 2019. Should this 
trend pan out, it would represent the first decline 
in aggregate annual water consumption for well 
stimulation in the shale era. 
For that to happen, water 
use per well would need to 
flatten, which appears to be 
underway, and the number 
of annual completions would 
have to drop. It is the latter 
trend that will tell the tale of 
the tape.

The main focus is in the 
Permian Basin where water 
use for well stimulation 
reached 70.7 Bgal in 2018, 
according to a Hart Energy 
examination of FracFocus.org records. Furthermore, 
aggregate consumption that year grew 85% over 
2017. For comparison, 2018 Permian Basin water 
consumption for well stimulation reached 216,900-
acre feet, which is loosely equivalent in annual 
consumption to 430,000 residents in a metropoli-
tan setting. 

Permian Basin water use trends in the 2014-2018 
period are stunning. Water use per well for hydrau-
lic fracturing in the Midland Basin rose from 2.95 
MMgal per well in the first quarter of 2014 to 15.58 
MMgal per well in the fourth quarter of 2018, a 
428% gain, or an additional 12.6 MMgal per well. 
The Delaware Basin features similar trends. Water 
use grew from 3.1 MMgal per well in the first quar-
ter of 2014 to 13.17 MMgal in the fourth quarter  

of 2018, a 324% gain, or an additional 10 MMgal 
per well.

What is behind the numbers? Longer laterals 
and more stages require more water. Secondly, the 
industry is moving to a greater percentage of slickwa-
ter fracture stimulation to transport larger volumes 
of finer mesh sand down longer wellbores. There is 
nuance. Lateral length, for example, is flattening in 
the Delaware, rising 13.7% in 2018 year over year 
but 9.3% year to date in 2019. Similar flattening has 
taken place in the Midland Basin, where annual lat-
eral length on average grew just 3.5% in 2018 and is 
flat in 2019. 

Both basins feature average lateral length between 
2,835 m and 2,896 m (9,300 ft and 9,500 ft) for 

horizontal wells reflecting 
a trend where the average 
lateral has closed the gap on 
leading-edge laterals in terms 
of wellbore length. 

At the same time, slick- 
water use in fracture stimu-
lation shows mixed results 
with a slight decline in mar-
ketshare for slickwater in the 
Midland Basin and incre-
mental share gains in the 
Delaware Basin. The results 

confirm anecdotal comments 
from the stimulation market that growth in lateral 
length is flattening along with proppant consump-
tion and stage count. Thus, water consumption per 
well for hydraulic fracturing should flatten. In that 
case, well count will determine the direction in 
water consumption for well stimulation. 

In aggregate, the Permian Basin used 1.683 Bbbl 
of water in 2018 for well stimulation. Permian Basin 
water use is an $11 billion industry divided between 
water injected for stimulation and produced water 
for reuse or disposal. Produced water is projected 
to reach 8.7 MMbbl/d in the Permian Basin in 
2019, or 3.2 Bbbl for the year. That trend, which 
merits separate review, is projected to increase 
regardless of the forces impacting water use for 
well stimulation. 

Changing tides     
Will 2019 witness the first decline in water use for well stimulation?

n As E&P companies slow  
field activity, demand  
slows for the water used  
in well stimulation. 

n The Permian Basin serves  
as a proxy for water use 
trends in oil and gas.

n Well count will determine the 
direction in water consumption 
for well stimulation.

http://HartEnergy.com
http://FracFocus.org
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W
ith extreme challenges, long-term attractive 

returns and a large reserves base, the offshore 

space is ripe for innovation, according to Jeremy Thig-

pen, president and CEO of Transocean Ltd. 

“Now more than ever, it is imperative that we in the 

offshore drilling space continue to focus on oppor-

tunities to innovate,” he said to a sold-out Offshore 

Technology Conference (OTC) lunch crowd in May. 

The contractor’s focus has been on how to trans-

form offshore drilling and to become an attractive 

piece in its customer’s portfolio, he said.

“Innovation has been going on in the industry 

for multiple years, ever since the downturn. It has 

been quite healthy for the 

industry,” he said. “It has 

forced innovation across 

the industry. We have been 

innovating, whether it has 

been reorganizing our busi-

ness so we’re more effi cient, 

streamlining automation 

and processes or changing 

commercial models.” 

For example, since 2014 

the contractor has trans-

formed its fl eet with the 

divestiture of 64 older units 

and the addition of new 

ones through its acquisi-

tion of rival contractors Songa Offshore and Ocean 

Rig in 2018. Five harsh environment fl oaters joined 

Transocean from Songa Offshore, while the Ocean 

Rig acquisition added eight ultradeepwater drillships, 

two ultradeepwater newbuild drillships and one harsh 

environment semisubmersible, according to a May 

presentation by the company at the UBS Global O&G 

Conference held in Austin, Texas.

In 2014 the average age of Transocean’s fl eet was 21 

years, with 45% of the fl eet comprising ultradeepwa-

ter/harsh environment fl oaters. This year the fl eet is 

93% ultradeepwater/harsh environment, with an aver-

age age of 11 years (about 8 years for its ultradeepwa-

ter units), according to the presentation. 

In 2017 the company installed its Automated 

Drilling Control (ADC) systems on the Transocean 

Enabler harsh environment 

semisubmersible on contract 

to Equinor. The drilling 

control package has deliv-

ered tangible improvements 

in effi ciencies, drilling up 

to 30% faster than before, 

Thigpen noted in his OTC 

presentation. In February 

of this year, Transocean 

announced that it entered 

into an agreement with 

Equinor to license and 

install ADC systems on four 

high-specifi cation, harsh 

environment rigs currently 

on contract in Norway and a fi fth semisubmersible 

that is expected to commence operations in the Nor-

wegian Sea this summer. In addition to the Trans-

ocean Enabler, the upgraded fl oaters will include the 

Spitsbergen, Norge, Encourage, Equinox and Endur-

ance, according to Thigpen. 

The drilling contractor purchased two 20,000-psi 

rated BOP stacks from National Oilwell Varco 

(NOV) in  June, according to an NOV press 

release. Initial deployment is 

expected in 2021 on a 20k Gulf 

of Mexico well. 

Offshore drilling 
transformation underway
Upgrading the fl eet, automation and more are delivering improved drilling 

effi ciencies, reduced costs and faster times to fi rst oil offshore. 

Read more commentary at 

HartEnergy.com

JENNIFER PRESLEY
Executive  Editor

jpresley@hartenergy.com

“Now more than ever,
 it is imperative that we 

in the offshore drilling space 
continue to focus on 

opportunities to innovate.”
—Jeremy Thigpen, 

Transocean Ltd.

http://HartEnergy.com
http://HartEnergy.com
mailto:jpresley@hartenergy.com
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P
art of the offshore oil and gas industry’s effort to 
re-energize itself has been a focus on cost reduc-

tions for new projects and adopting digital technolo-
gies to ensure the greatest effi ciencies possible.

Another component of the offshore revitalization 
is extending the life of fi elds whose initial producing 
lives have ended or will soon be coming to an end. 
Equinor announced in March that it had received 
approval to extend the life of eight installations in 
the Norwegian Continental Shelf. Those fi elds are 
Gullfaks A, B and C (extended to 2036), Oseberg East 
(2031), Snorre A and B (2040), Norne (2036) and 
Åsgard A (2030).

In Brazil PetroRio is entering Phase 3 of its rede-
velopment efforts of the Polvo Field in the Campos 
Basin, which it bought from BP in 2013. PetroRio 
hopes to extend the fi eld’s 
producing life until 2030. 

The drive behind recent 
fi eld life extension projects is 
a result of both technological 
advancements and fi nancial 
opportunity. According to 
Luiz Hayum, Latin America 
upstream research senior ana-
lyst at Wood Mackenzie, there 
is an increasing movement in 
the Campos Basin by smaller 
operators taking ownership 
from majors to develop fi elds 
at lower costs. Hayum cited the 
PetroRio deal as an example of 
such a dynamic in Brazil.

“[PetroRio] was able to 
reduce operational costs by 62% since it took owner-
ship of the Polvo Field,” he said. “By having smaller 
structure and smaller overheads, it is able to reduce 
costs to continue producing these fi elds.”

The market’s price volatility provided an opportu-
nity for smaller companies to focus on the assets the 
majors did not view as core to their operations. 

On the technology front, Shell recently applied 
a digital twin system to analyze structure integrity 

on a North Sea project with the goal to support life 
extension by 20 years. And Shell Brasil entered into 
a partnership with the ABS, SBM Offshore and Fed-
eral University of Rio de Janeiro to develop tools for 
real-time assessments of FPSOs. According to Shell 
Brasil, the new techniques will help the company 
better understand maintenance costs required to 

extend the operational life 
of FPSOs.  

Equinor’s Åsgard A fi eld 
was set to expire in 2018, but 
the operator won approval to 
extend its operational life by 
another 12 years to 2030. At 
Åsgard, Equinor has deployed 
underwater drones to per-
form subsea inspections, 
maintenance and repair work. 

Similar to onshore uncon-
ventional development, the 
offshore industry has been 
forced to re-evaluate itself 
to remain competitive. Part 
of that evaluation has led 
to the deployment of new 

technologies as well as improved cost structures that 
ensure oil fi elds, even in their golden years, can 
remain productive. 

“I think there is a belief that the capital discipline in 
developing these projects is here to stay,” Hayum said. 
“The higher oil prices are helping 
make extension projects more profi t-
able. I think there will be an appetite 
for that.” 

Read more commentary at 

HartEnergy.com

BRIAN WALZEL
Associate  Editor, 

Production Technologies

 bwalzel@hartenergy.com

An appetite for fi eld extensions  
Improved cost structures and technology innovations have led to prolonged 

production lives for offshore projects.

The drive behind 

recent field life extension 

projects is a result of 

both technological 

advancements and 

financial opportunity.

http://HartEnergy.com
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theSUBSURFACEtheSUBSURFACE

Scratching

Jennifer Presley, Executive Editor

I f one were to chart out the developmental 
time lines for conventional and unconventional 

resources, one would fi nd that the line for one is 
about a mile in length while the other stretches on 
and on. This difference in lengths is understand-
able as the bits and pieces that made the shale 
revolution possible only recently came together. 

Operators and service companies certainly 
know more about the downhole environment of a 
shale well than they did at the start more than two 
decades ago. With each technological break-
through, the industry takes another step closer to 

solving the great challenges posed, like mitigating 
frac hits or improving recovery rates. Each step, 
however, creates more data and more questions. 

Advances in digital technologies have enhanced 
the industry’s abilities to analyze and model the 
extreme amounts of data streaming out of well 
sites and into algorithms for refi nement, creating 
even more questions. It is a vicious cycle of plan, 
test, analyze, adjust and repeat. 

Deep Imaging Technologies, Reveal Energy 
Services and Shale Value are three of many 
technology companies working to answer the 
big questions about the unconventional sub-
surface using their own unique approach to 
decipher shale’s tightly held subsurface secrets. 

The oil and gas industry has come far in its understanding 
of the unconventional subsurface, but there is still much to 

learn about shale’s tightly kept secrets. 

http://HartEnergy.com
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Frac fl uid migration (blue) is tracked 

using electromagnetics. 

(Source: Deep Imaging Technologies)
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Determining frac fluid migration
Deep Imaging Technologies tracks fluid migration 
during hydraulic fracturing operations through the use 
of its Agile Electromagnetic method. 

The method creates an electromagnetic field that is 
absorbed by the subsurface casing to create a secondary 
electromagnetic field, according to the company. This 
secondary field is measured, and when fluid is pushed 
into the formation, the field’s impedance changes, 
according to Joshua Ulla, chief development officer at 
Deep Imaging Technologies.

“We see where the impedance of the secondary field 
changes and we measure that,” Ulla said. “It is a direct 
measurement of where the fluid is flowing. In most 
instances, for example, not only do we see where the 
fluid went stage by stage, we see that it was not symmet-
rical or matching the modeled distribution.”

The company’s low impact field operations are 
entirely surface-based and off pad with no need to 
go downhole to collect measurements. There is zero 
interference with the operator or the wellpad and 

the small field lay-
out with receivers 
close to transmitters 
ensures better reso-
lution, according to 
the company. 

The transmitter 
wire is placed parallel 
to and directly above 
the lateral portion 
of the wellbore with 
receivers along each 
side. The receivers 
consist of grounded 
dipole sensors, sam-
pling the secondary 
electromagnetic signal 
at a high sample rate. 
Data are processed 
and imaged using 
in-house software, 
with results shown in 
a 2-D representation 
of the fluid movement 
from the signal. 

“We can tell you 
where the frac fluid 
went in your well, 
which stages will 
produce [and] where 

flowback is coming from within the well,” he said. 
“We can tell when an adjacent well is about to take a 
frac hit.” 

In a recent completion in the Anadarko Basin, Deep 
Imaging showed an overlap in treated reservoir space of 
more than 50%. The operator adjusted the completion 
design and expects to save about $1 million per well 
while maintaining production, according to Ulla.

Mapping pressure responses
Reveal Energy Services uses a surface pressure gauge 
on a monitor well to observe the poroelastic pressure 
response from a nearby treatment well during hydraulic 
fracturing to create pressure-based fracture maps. 

“Our technique works by taking the pressure mea-
surement in one of the wells not being fractured. 
For example, let’s say you have a four-well pad and 
you’re performing fracturing operations on the No. 1 
well,” said Sudhendu Kashikar, CEO of Reveal Energy 
Services. “We take our measurements on well No. 2 
as you’re fracturing the No. 1 well. As you switch to 
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Fluid migration during hydraulic fracturing operations is tracked using Deep Imaging Technologies’ Agile 

Electromagnetic method. (Source: Deep Imaging Technologies) 
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another well, we switch too. We do not need a dedi-

cated well to serve as a monitor well. 

“We typically go back and forth between wells on the 

same pad that you’re either fracking or using as a mon-

itor. This is a big departure from some of the legacy 

techniques that required a dedi-

cated monitor well.” 

Alternating wells ensures that 

the operator can maintain oper-

ational efficiencies while still col-

lecting sufficient data to answer 

the questions that need answer-

ing, Kashikar explained.

A Permian Basin operator 

was concerned about pressure 

communication between a par-

ent well and child well during 

hydraulic fracturing, according 

to the company. Reveal Energy 

Services deployed offset pressure 

monitoring using its FracEYE frac 

hit analysis service and IMAGE 

Frac pressure-based fracture maps 

in near-real time to determine 

whether the pressure signal was 

direct fluid communication, fluid 

migration or undrained poroelas-

tic behavior. 

“By applying the company’s tech-

nology to categorize the type of 

pressure communication, the oper-

ator would know the appropriate 

corrective action to mitigate frac 

hits and develop a tailored pump-

ing schedule to improve comple-

tion effectiveness,” Kashikar said. 

The analysis enabled the opera-

tor to identify the type of frac hit, 

change the treatment parameters 

and verify that the adjustments 

minimized the frac hits and 

improved the fluid distribution 

in the stage, according to the 

company. These steps prevented 

damaging frac hits at the parent 

well and improved the fracture 

geometry. By implementing near-

real-time offset pressure monitor-

ing, the operator made informed, 

better decisions on the fly about 

reducing frac hits. 

Performing PVT analysis in the cloud
Shale Value combines publicly available data along with 

proprietary algorithms to perform reservoir pressure, 

volume and temperature (PVT) analysis. The compa-

ny’s fluid analysis and composition estimation tool, or 
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FACET, is a cloud-based system that can provide accu-

rate PVT analysis across any operator’s entire acreage 

with the click of a mouse, according to the company. 

The challenge with shale plays is the gradation in 

reservoir fluid properties across the play and that the 

reservoir changes with depth, noted Phani Gadde, CEO 

and co-founder of Shale Value. 

“When you collect a PVT sample, it is valid for a cer-

tain radius. Beyond that radius, the fluid has changed, 

and so too has the rock,” he said. “A new sample needs 

to be collected.”

The PVT analysis is important for reserves calculation, 

frac optimization and determining a long-term drawn 

down strategy for the well. 

“The past 10 years has been the ‘Age of Frack,’” he said. 

“We’ve gone after the rock, cracked it, fracked it and we’ve 

been enormously successful. But a reservoir is a rock-fluid 

system. We’ve gone after the rock. Now, the next era will 

be spent tackling the fluid side of the system.” 

PVT sample collection is limited due to high cost and 

lack of expertise, he noted. 

“What we’re providing is an alternative so that you 

do not need to spend six weeks waiting for results back 

from a lab,” he said. “If you have any well, we can enter 

five simple inputs, that you can get from the public 

domain even, into our FACET system, and we’ll give you 

the entire PVT analysis for each well drilled across any 

play and productive zone.”

In one operator-requested demonstration, Shale 

Value estimated saturation pressures using its FACET 

application that were within 3% and compositions that 

were within 5.5% of laboratory measurements. The 

model highlighted a laboratory measurement error 

with one of the samples that the operator was not 

aware of. The operator found that the margins of error 

with FACET were very much within acceptable limits, 

according to the company. For the reservoir engineer-

ing analysis that the operator has planned, the operator 

believes FACET would enable it to significantly reduce 

the PVT sample collection and analysis compared to the 

previously planned testing program, thereby improving 

accuracy and reducing costs. 

While shale development has made significant strides 

operationally, the forecasting side is playing catch up, 

according to the company. Forecasting using public 

data by industry consultants and government agencies 

is based on curve fitting existing production, spanning 

a few months to a few years, to obtain a 30-year forecast 

and reserves, according to the company. 

“Curve fitting alone cannot capture complex flow 

behavior,” Gadde said.“The market and investors react 

to deviations from erroneous forecasts.”

The challenge with using public domain data for 

engineering analysis is that the rock, fluid, comple-

tion, spacing and drawdown are different for each 

well, and production data alone are not sufficient to 

capture the effect of these key factors. The company’s 

modified rate transient analysis, or SMA-RTA, has 

been used to infer these factors across every well 

drilled in the shale and tight oil plays. Using the 

inferred properties, analytical equations, composi-

tional reservoir simulations and advanced data sci-

ence, the company’s FIRM analysis now allows opera-

tors to benefit from learnings from wells drilled across 

the entire play and not just on their acreage. 

A comparison of laboratory measurements of in situ fluid  

composition and saturation pressure with FACET estimates have  

validated the model across several shale plays. (Source: Shale Value)

COMPOSITION ESTIMATION

ESTIMATION OF SATURATION PRESSURE
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E&P recently spoke with Deep Imaging Technologies, 

Reveal Energy Services and Shale Value about the 

advances made in understanding the subsurface and 

how their particular approach is delivering results and 

extending the unconventional time line. 

E&P: The unconventional oil and gas industry has 

made great strides in its understanding of the sub-

surface. What are your thoughts on this evolution?

Ulla: More data can often complicate 

a problem before leading to a solu-

tion. Before you have any data, the 

problem may seem relatively simple. 

For example, every frac model is 

bi-wing, goes out 300 ft [91 m] each 

side and has very little impact on 

the following stage. As you get more 

data, it builds on your understanding 

of the problem. If the data do not fit 

the simple frac model started with, 

people often deploy ‘science’ to get 

even more data to hopefully easily 

explain these field observations in the hopes that the 

original model was right. 

You end up learning even more about the system 

you are trying to understand, which has led to where 

we are today. 

The industry now has insights into what is going 

on and the structure to test the different hypothesis. 

People can better harness these variables that they 

previously did not understand, and in turn, improve the 

economics of development programs. 

Kashikar: We have made signifi-

cant strides in our understanding of 

the unconventional resources in the 

last 10 or 12 years. But like with any 

new venture, there is a lot of room to 

improve that understanding. If you 

look at where we are as an industry 

with our understanding of conven-

tional resources, we are definitely 

not there with the unconventional 

resources, in terms of the under-

standing of the reservoir and how it 

produces at the degree that we understand conven-

tional reservoirs.

Gadde: The industry’s focus on bet-

ter understanding the subsurface 

accelerated after the 2014 com-

modity price drop, which provided 

an impetus to optimize operations 

further. The industry has transformed 

from brute-force fracking to better 

understanding the rock and cus-

tomizing fracs to maximize well pro-

ductivity. For example, technologies 

that enable us to decipher the rock’s 

geomechanical properties gathered during drilling are 

used to design cluster spacing to improve completions. 

E&P: Do we still have more questions than 

answers? What more is needed? 

Ulla: I would say careful scientific method of testing 

applications is needed with a partnership between ser-

vice companies and operators to solve specific ques-

tions. Likely an operator-to-operator partnership will 

help largely as well.

Kashikar: We will always have more questions than 

answers. The more we learn, the more questions we 

have because we have an inherent desire to improve 

continuously. It doesn’t matter how much improvement 

we have made. The question becomes, ‘how do we get 

to the next level of performance?’ There are two cate-

gories of questions when it comes to unconventional 

resource development.

One is surrounding the supply chain, operational effi-

ciency and cost. I think that if you look not only at the 

number of wells we drill per month and the footages 

that we are capable of drilling, we’ve seen phenomenal 

improvement in the accuracy of well placement. So the 

question then becomes how do we improve where we 

actually place these wells? How do we do that while 

also reducing the cost? Can it be done?

The second question is how do we improve recovery 

factors? How do we get to the next level of recovery 

factors from the unconventionals, without incurring a 

significant cost? So, if we keep the same cost situation, 

how do we take recovery to the next level? 

Gadde: The reservoir is a rock-fluid system, and 

the last decade has almost entirely been spent 

focused on the rock and frac, and the industry focus 
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is just beginning on gaining a better understand-

ing of the reservoir fluid behavior. With operators 

experimenting with EOR in unconventionals, fluid 

PVT behavior is going to be further in focus. Fluid 

PVT behavior in self-sourced systems is consider-

ably different from that in conventional migratory 

systems. A better understanding of this behavior  

will be vital as the industry seeks the next set of 

technologies to deliver step changes in well pro-

ductivity improvements.

A true convergence between science and data sci-

ence is required to improve our understanding of the 

subsurface further. With thousands of wells drilled 

across each play, the data available to the industry are 

growing by the day. However, for operators to truly 

benefit from the learnings from across the entire play 

and not just their wells for which they have compre-

hensive data, the ability to use public-domain data for 

engineering analysis is required. 

The challenge with public data is that the rock, flu-

ids, completions, drawdowns and spacing vary across 

each well in the play, and in order to meaningfully 

benefit from the advances in data science, these 

effects need to be deconvolved. Employing domain 

science before data science greatly enhances the 

utility of the vast data in furthering industry’s under-

standing of the subsurface. 

E&P: What is the next challenge we need to solve 

and/or better understand when it comes to 

developing shale resources?

Ulla: Before we get into specifics, we need to create 

a better base model, formation by formation. I don’t 

mean earth model, but instead a mean model of how 

the rock reacts to hydraulic fracturing and how it is 

drained. Each formation will behave differently and 

once we understand it, we can then begin to exploit it.

Kashikar: So that we can continue to improve our 

understanding, we as an industry need to learn from 

and adopt some of the techniques that other indus-

tries, like the automotive manufacturers, have done. 

Theirs is one of continuous improvement. So how do 

we bring those techniques to not just supply chain 

operational efficiencies but also to developing a bet-

ter understanding of the subsurface and to improving 

rates of recovery? 

For example, with parent/child well interactions, 

we help our customers understand the interaction 

between the parent and child, and this leads to 

improvements in the completion design to deal with 

that interaction. 

Gadde: The Holy Grail in frac optimization is the 

comprehensive 

understanding 

of the interaction 

between the frac-

tures and the res-

ervoir. Developing 

reliable models is 

very important as 

the industry marches 

down the road of 

frac optimization. It 

is very complex, and 

current understand-

ing is still relatively 

empirical and reliant 

on trial and error. 

The challenge with 

this approach is that 

the solutions are lim-

ited to the statistical 

bounds of the exper-

iments and may  

not truly be the opti-

mum solutions. n
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With Reveal Energy Services’ technology, a Permian Basin operator had the necessary information to change 

the pumping rate and fluid volume to prevent damaging frac hits and improve fracture geometry.  

(Source: Reveal Energy Services) 
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T
he inimitable marriage of hydraulic fracturing and 

horizontal drilling has crossed an economically defin-

ing threshold as shale reservoirs approach what can best 

be described as “sub-unconventional,” which translates 

to permeability up to two magnitudes of order lower 

than the pre-2017 trend. 

With the unconventional sector oriented to produce 

from reservoirs much tighter than those of earlier 

developed assets, the pressure to increase production 

and lower completion costs is magnified exponentially. 

Accordingly, as these ultratight pay zones respond 

largely to contact frequency, the onus is on operators 

to extend the frac stage length and/or enhance hydro-

carbon flow within each stage, while reducing cycle 

time on location. The operative phrase here should be 

“effective stage length,” as longer stages and the fre-

quency of fracture clusters therein can be counter-pro-

ductive to maximum reservoir drainage unless flow uni-

formity is an integral consideration in the frac design. 

For contemporary unconventional stage fracturing, it 

can be argued that biodegradable frac diverters have, 

somewhat unceremoniously, emerged as the single most 

effective tool for balancing higher reservoir productivity 

with lower completion costs and risks. Frac diverters 

effectively plug perforations and the near-wellbore heel 

clusters, where casing friction drives a disproportionate 

volume of frac fluid, while redirecting flow to mid-in-

terval and outer toe fractures that intrinsically are less 

accepting of the proppant delivery medium (Figure 1). 

Moreover, biodegradable frac diverters help minimize 

friction and pressure-induced casing integrity issues. 

Importantly, field data have proved that the engi-

neered design and application of biodegradable frac 

diverters deliver across-the-lateral flow uniformity, 

generally boosting production rates from 18% to 40%, 

with corresponding increases in EURs, while reducing 

spread costs by more than 12% on average.

To put into proper context the emergent role of 

diverters in exploiting these contact-responsive rocks, a 

look at the current permeability landscape and corre-

sponding fracture stage lengths is in order. 

Permeability and 
stage length 
Given the latest trend in uncon-

ventional targets, the U.S. shale 

community is once more redefin-

ing acceptable reservoir quality. 

The pay zones put onstream 

during the mercurial growth spurt 

of 2004 to 2009 were loosely char-

acterized as “yesterday’s dry holes,” 

but more pointedly described 

source rocks that historically were 

dismissed as sub-par assets. North 

Texas’ gas-rich Barnett Shale is the 

first play to profitably complete 

and produce the source rock from 

vertical wells. Primarily driven by 

the need to avoid water, horizontal 

wells were later landed in the Bar-

Unsung tools for boosting profitability 
of unconventional wells  

Amid new lows in permeability, biodegradable frac diverters lift  

production and lower completion costs.

FIGURE 1. Biodegradable frac diverters close off perforations in the heel clusters and redirect flow 

to less-accepting toe clusters. (Source: Frac Diagnostics)
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nett and staged-fractured with several completions along 

the lateral, yielding healthy economic returns in the pro-

cess. With the Barnett as the petri dish, the unconventional 

horizontal completion process was refined elsewhere and, 

of course, evolved into oil reservoirs after the precipitous 

drop in gas prices.

The current trend—and one having 

a profound influence on reservoir 

stimulation response—is toward devel-

oping reservoirs with at least one and 

up to two orders of magnitude less 

permeability than the values recorded 

during the earlier growth explosion. 

The shallow migration of hydrocarbons 

into these extremely impermeable 

rocks fall into a category best described 

as “contact type” reservoirs, unlike the 

pay zones of 2004-2009 that relied on 

high degrees of conductivity and infre-

quent contact to maximize production. 

For those “conductivity-type” rocks, 

ceramic and other high-yield, but 

expensive, proppants were used con-

sistently in shale completions. Owing 

to the trendy emphasis on contact and 

frequency, a less costly low- to moder-

ately conductive proppant pack is suffi-

cient to generate economic production 

rates. Most operators, in fact, disre-

gard American Petroleum Institute’s 

guidelines that call for proppant best 

suited for the respective closure stress 

level, opting instead to stimulate with 

extremely close fracture spacing (3 m 

[10 ft] in many cases). For this discus-

sion, 12 m (40 ft) will be used as a min-

imum spacing between clusters.

Precisely determining permeability 

is another matter altogether. Assessing 

permeability through conventional 

pressure transient methods is difficult 

and very time-consuming in these 

ultratight reservoirs. Ostensibly, visual 

estimates by the mud logger is a sim-

pler approach but, at best, provides 

only order of magnitude approxima-

tions and cannot be quantified with 

any degree of confidence. 

Alternatively, the Pixler method is 

among the most commonly used prox-

ies to more precisely determine per-

meability. The Pixler method uses gas chromatographic 

readings to plot the mathematical relationship of C4 

and C5 values (heavy gases) and total gas, which is occa-

sionally referred to as the “wetness ratio.” It is import-

ant to understand that these values will remain more 
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qualitative than quantitative until they are calibrated 
against other datasets, usually core data. However, the 
assumption that the high peaks of this ratio represents 
higher permeability generally holds true.

Close spacing leads to yet another opportunity to 
enhance project economics by first increasing the linear 
distance comprising a stage, followed by optimizing the 
frac fluid distribution within the spacing. For example, 
consider a starting point of four clusters per stage that 
is subsequently improved to six, eight or 10 clusters. 
The stage grows from three times, 12 m to 36 m (40 ft 
to 120 ft), to nine times, 12 m to 110 m (40 ft to 360 ft). 
Notably, the math can be a bit tricky when first building 
stages, as one must account for the first cluster at 0 m 
(0 ft), progressively increasing to 12 m, 24 m and finally 
reaching a stage length of 36 m with four clusters. 

Above all, extending the stage length reduces the 
number of cycles that can stress and cause a failure to 
casing couplings, while also requiring fewer plugs. The 
savings in plug costs is clearly evident in the Delaware 
Basin, where price tags range from $3,900 to $6,900 per 
set. The wireline crew efficiency, the pumping compa-
ny’s nonproductive time fees and the reduced risk of 
parted casing further augment the savings equation.

However, reducing time on location represents by 
far the single most influential cost-saving component. 
Consider the case of a mid-sized service company in 
the Delaware Basin, using a fixed-cost model where 
time on location and materials are 
priced separately. Under this pricing 
model, a 12-hour reduction in total 
on-location time would result in a 
roughly 12% spread cost reduction. 

To fully capture the time-reduc-
tion benefits, the injection rate must 
be faster than that of the original 
design, which will speed up the pro-
cess while not reducing the concen-
tration of materials loaded into the 
fractures. Likewise, reducing cycle 
time minimizes the very real risks of 
parted casing, which increases each 
time a stage is pumped.

Casing integrity issues
One of the issues in lengthening 
frac stages is the level of pipe 
friction between the heel and toe 
clusters. The increase is a rela-
tively linear relationship to length, 
meaning that doubling the stage 

length from 36 m to 110 m increases the friction 
threefold. For example, take the variations in pipe 
friction values in a 10-cluster frac stage, assuming all 
perforations are open. In this example, the differ-
ences between the toe cluster and the heel cluster 
range from a minimum of 41.4 psig up to 140.4 psig, 
depending on the pumping rate. These values may 
seem insignificant, but when added to the variation 
in closure stresses between cluster locations, they can 
contribute to project complexity and decrease the 
ability to open all of the perforations. 

Figure 2 displays the actual contrast in minimum hor-
izontal stress in a Third Bone Spring well, reflecting the 
wide difference in the maximum closure stress between 
perf clusters. The broad closure stresses, combined with 
pipe friction, dramatically alters interstage flow with 
increasing differential pressures. 

Limited entry perforation, which has been used in 
the stimulation community since the late 1950s, has 
been seen as a viable methodology for addressing the 
differential pressure issues. Using limited-entry perfora-
tion, the heel in Figure 2 would have to be perforated 
using few and very small perforations, compared to 
the numerous and large perforations at the toe. This 
common practice, however, has lost some favor, largely 
because myriad issues surrounding the detection and 
mitigation of closure stress differences is not well appre-
ciated but will emerge with time.
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CROSSPLOT STRESS CONTRAST

FIGURE 2. This crossplot of contrasting minimum horizontal stress along a lateral placed 

in the Third Bone Springs illustrates the broad difference between the maximum and  

minimum stresses. (Source: Frac Diagnostics)
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Integrating drilling data with neural networks 

can deliver a synthetic log, which yields the rock 

properties that can generate stresses along the well-

bore. These stresses are used to select perforation 

spacing to better take advantage of “like” stresses, 

thus improving the perforation opening. Afterward, 

minimum pressure drops between perforations can 

be designed. This methodology also represents the 

foundation for the engineered application of biode-

gradable diverters to increase fracturing stage lengths 

while maintaining average cluster spacing similar to 

the original completion design.

‘Art’ of diversion
The majority of biodegradable diverters used in stim-

ulations are formulated with water insoluble polylactic 

acid (PLA), a compound that is largely free of pat-

ent protection, thereby attracting numerous market 

participants. Likewise, given the capacity to degrade 

into benign lactic acid, PLA finds application in med-

ical implants as a building block for anchors, screws, 

plates, pins, rods and for use as a mesh. Importantly, 

for fracturing applications, the degraded material is 

water soluble, facilitating removal during the wellbore 

cleanup process. 

For the many PLA-based biodegradable diverter sup-

pliers drawn to the fracturing market by the wholesale 

expiration of patents, maintaining product quality and 

delivering an application-specific design is an art unto 

itself. First, to withstand being altered into the small, 

and tough, particle size required for fracturing, the 

primarily corn-based composition must be ground in a 

cryogenic environment to harden the material, while 

preserving its properties. 

Designing the material to sufficiently plug and divert 

flow in a fit-for-purpose manner requires particular 

expertise. For example, care must be exercised to 

ensure particles are sufficiently sized to pass through 

the valves without lodging in the valve seat and plug-

ging the pumps. 

Generally, the proper design of a biodegradable PLA 

diversion plug requires at least three different meshes 

of materials. In a compact demonstration of the pro-

cess, an inordinately large mesh material is used first, 

followed by a mid-range material to plug the voids left 

by the initially large mesh material. Finally, a very fine 

mesh material fills in the remaining, typically near-mi-

croscopic, voids left in the frac pack.

The final step is analyzing the pressure trends to ascer-

tain the material did in fact plug off the predetermined 

points and expose new formation, thus enabling diver-

sion to take place. Net pressure matching enables the 

analyst to understand the environment(s) the diverter 

has affected. Stated simply, in some cases the diverter 

may simply plug off perforations and extend the flow 

into perforations that were taking less fluid before the 

diverter was placed. Closing off a fracture generates 

pressure sufficient to open perforations/fractures closed 

prior to the diverter coming into play. 

Post-frac  
observations 
Reservoir perfor-

mance evaluations 

validate the capacity 

of biodegradable 

diverters to improve 

fracture contact 

during the com-

pletion operation 

and the undeniably 

positive influence 

on production. 

Hints of the even-

tual diverter-reser-

voir performance 

relationship can be 

traced to the roots 

of Frac Diagnostics 

LLC, borne out of 

participation in a 
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FIGURE 3. The fluid flow pattern in an intrastage diversion converts from a christmas tree (left) to the more 

uniform bottle brush shape (right). (Source: Frac Diagnostics)
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multitude of microseismic mapping projects. In observ-

ing those projects, especially early in the evolution of 

the unconventional completion process, an odd phe-

nomenon became apparent. 

While the original plan assumed fractures would 

evolve evenly from the wellbore, the microseismic 

mapping projects consistently showed the general 

basinwide tendency of the heel perforation cluster/

fracture to generate a much longer fracture than 

those at the mid-point and especially at the toe clus-

ter. In the latter stages of this study, biodegradable 

diverters were used, and, in those cases, a more uni-

form fracture geometry was distributed in the same 

stage interval (Figure 3), with appreciable increases in 

production rates (Figure 4). 

Explained another way, if the heel stage in the non-

diverter frac, for example, is significantly longer than 

the frac incorporating a diverter, the effective frac 

length, defined as the portion of the frac that yields 

conductivity and can deliver production, is appreciably 

longer/stage. 

This imbalance in fracture length could not be dis-

missed as an inconsequential anomaly, as the post-frac 

production data made available showed the wells incor-

porating diverters outperforming their counterparts by 

8% to 18%, with regard to the time between load recov-

ery and hydrocarbon volumes high enough to consider 

the cleanup complete and the well put on production. 

Theoretically, this makes sense given the time-worn 

issue of conductivity and formation damage resulting 

from proppant placement. 

At the end of the day, the use of biodegradable divert-

ers carries distinctive benefits in terms of increased 

production, lower completion costs and maximum asset 

value. However, as with any aspect of an unconventional 

completion, avoiding potential risks requires careful 

attention to both design and execution.

Typically, biodegradable diverters are used to double 

the length of the frac stage while achieving interstage 

transition with, as noted, fewer plugs and less pipe integ-

rity risks. Using a “spread rate” pricing system and treat-

ments pumped at a higher-than-usual rate to shorten the 

time required to extend each stage, the running of fewer 

plugs and less time on location combine for documented 

cost savings of up to 28%. Conversely, the economic 

benefits can be compromised with inefficient logistics 

failing to make all required materials readily available on 

location and inaccurately designing the diverter for the 

targeted application and reservoir characteristics. 

When used to reverse production declines and max-

imize EUR, the diverter typically is run innerstage to 

open perforations and redistribute frac fluid and prop-

pant. Field recaps show 12% to 40% higher EUR values. 

However, the risks of screenout increase significantly if 

the diverter or appli-

cation is designed 

improperly or very 

few perforations are 

found to be open.  

All things consid-

ered, the case can 

easily be made that 

from a mathematical 

perspective, biode-

gradable diverters are 

the only tools avail-

able to both lower 

the denominator 

(costs) and increase 

the numerator (pro-

duction yield) in  

the value-return  

on investment equa-

tion of unconven-

tional wells. 

References available.
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FIGURE 4. The diverter-enabled conversion from the christmas tree to bottle brush shape shows  

significant increases in cumulative oil production. (Source: Frac Diagnostics)
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Timothy Gabel and Yannick Harvey, TETRA Technologies

F
rom the dawn of the frac era, it was apparent that a 

cheap and plentiful water supply would be vital to the 

hydraulic fracturing process. Back then it was normal to 

pump freshwater out of the ground for fracturing, then 

to pump the produced water back into the ground.

The idea of treating and recycling produced water for 

fracturing was floated—and dismissed—due to the cost 

of treating the water sufficiently to work with existing 

frac fluids. Although there was a cost to buy freshwater 

and to dispose of produced water, historically those 

costs when added together were much less than treating 

and reusing water.

Fifteen years and billions of barrels of water later, 

three things have happened to create a rush to treat 

and reuse produced water.

The first was a notion of preserving water in dry 

regions. Even though those billions of barrels represent 

less than 0.1% of all water used in the U.S., it’s still a lot 

of freshwater to take out of mostly arid landscapes. With 

a plentiful supply of produced water available for treat-

ment and reuse, why not use produced water instead of 

freshwater when possible?

Second, engineers have modified frac fluids to accom-

modate high levels of chloride and other chemicals, 

eliminating the need for pure freshwater.

Third, and the subject here, is that treatment methods 

have become much more cost-effective, especially when 

Keys to reducing the cost of treating 
produced and flowback water  

Efficiencies and cost reductions make water treatment and  

use of produced water more accepted.

The SWAT system uses real-time monitoring and PLC control technology to provide operators with 24/7 access to their water recycling 

operations. This allows a transparent, on-demand view of the chemistry, treatment volumes and water quality being delivered from the 

system. (Source: TETRA Technologies)

COVER STORY:  

SHALE TECHNOLOGIES

38 July 2019  |  E&P  |  HartEnergy.com

http://HartEnergy.com


39

they integrate chemical and mechanical treatment meth-

ods and optimization of the labor force by relying on 

automation to monitor and control the process. Creating 

water systems that replace thousands of truck trips with 

pipelines and pump stations is integral to this efficiency.

Automation

Early treatment methods were highly labor-intensive, 

requiring someone to occupy every pump, tank, pond 

and chemical injection location to monitor levels and 

to be ready to make adjustments to accommodate vary-

ing inflow/outflow rates and storage levels. Reassign-

ing those people to other tasks and installing sensors 

for the water systems allows companies to treat about 

75,000 bbl/d at permanent, centralized gathering and 

treatment facilities, with only three people on site at 

any given time. Even larger numbers of barrels can be 

treated with additional personnel. Trailer-based mobile 

systems also are available for short-term solutions lasting 

from a few days to a few weeks.

For both permanent and mobile requirements, 

automated systems using pump and valve controls con-

nected through cellular-based communications handle 

pressure limit controls, remote monitoring and real-

time data access and logging. Data can be accessed 

and monitored by system operators and clients from a 

desktop or mobile device.

With monitors and controls at every significant 

step, programmable logic computers (PLCs) are 

programmed to make constant adjustments in pump 

speeds and injection rates for maximum flow and 

treatment levels throughout the system with minimal 

human intervention and downtime.

There is also the bigger picture of how each piece inter-

acts with the rest. Automating each pump or valve is sim-

ple. But all these parts depend on each other—a change 

in one piece affects all the others before it and behind it.

For example, if the manifold determines that the frac 

is pulling 93 bbl/min, the unit tells the pumps to give 

it backfill of the same amount. Or if there is a blending 
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controller that is blending produced water and fresh-

water, its purpose is to maintain the proper ratio of the 

two. This unit must also control both freshwater and 

produced water pumps.

In a location where flow rates are changing due to 

the completion of additional wells or the rerouting of 

produced water to other facilities, this systemwide view 

is vital to the efficiency and safety of the operation.

Automation also improves safety by reducing the risk 

of injury to personnel. Creating and automating treat-

ment facilities and pipeline networks eliminates thou-

sands of truck trips every month. For example, TETRA 

has recycled 15.3 MMbbl of water in the Permian Basin 

over the last 12 months. That is the equivalent of elimi-

nating 128,000 truckloads of water.

Planning
Although water treatment does have some variable costs 

for supplies such as chemicals, much of the equipment 

costs are the same whether the system is running or 

not. Right-sizing the installation is the next biggest key 

to cost savings after automation. Because undersizing 

can cause its own issues, such as restraints in treating 

the flow of produced water or failure to deliver enough 

water for fracs, making decisions regarding automated 

equipment installation is usually best left to companies 

that focus on water treatment and handling.

Right-sizing a mobile installation may be an ongoing 

task as units may need to be added or subtracted as flow 

rates change. Operational personnel numbers also can 

be flexed.

Even permanent facilities may face changes on occa-

sion as a pump goes down or a well is taken offline for 

a workover, so there may be times when a unit is not 

operating at full efficiency. 

This is where the expertise of a water management 

company is necessary. The company’s engineers can 

use any existing historical data from the operator—flow 

rates, injection rates, flowback volumes and more—to 

determine what equipment and controls are necessary 

to optimize the investment.

Treatment levels
The level of treatment required is another key to 

right-sizing. Levels can range from minimal—what the 

treatment industry calls “sock filtering”—to extensive 

removal or treatment of iron, bacteria and, where 

needed, H
2
S. Therefore, the appropriate amount of 

equipment needed varies widely.

It might seem more economical to treat less, but 

produced water that retains iron, suspended solids and 

bacteria can quickly allow scale accumulation and other 

problems in pipelines, pumps and in the formation itself, 

along with sludge buildup in tanks and ponds. For an 

operator committed to a field long term, fixing these 

problems once they exist is far more costly than using a 

complete treatment to prevent them from ever occurring.

Skim oil must be removed because it can be sold into 

the pipeline and it will cause a long list of problems if 

left in the water.

Bacteria must be treated now and throughout the 

process. Many treatment methods use a “shock treat-

ment” to kill existing bacteria. However, if the water is 

to be stored in aboveground ponds for more than a few 

days, airborne bacteria can recontaminate the water 

and is much harder to treat in a 500,000-bbl pond once 

the bacteria get started—hence the need for ongoing 

treatment for storage.

Anaerobic sulfate-reducing bacteria turn sulfate into 

sulfide, which combines with iron to make iron sulfide. 

This turns the water a murky black color and, because 

it’s sticky to metals, creates corrosion. The acid pro-

duced by aerobic acid producing bacteria also creates 

corrosion in equipment and in shale formations. When 

an automated water system includes the appropriate 

treatment systems, it is much more cost-effective to treat 

the produced water to prevent damage to systems and 

formations that would otherwise come into play.

Older, labor-intensive treatment systems are being 

replaced by automated systems that are more effi-

cient and more accurate. These efficiencies are mak-

ing the treatment and use of produced water more 

available as freshwater scarcity and other issues ren-

der it imperative. 

COVER STORY:  
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The frac water blending system includes an automated blending 

controller, coupled with an on-the-fly blending manifold. The 

combination provides accurate parameter-based blending and 

consistent blend quality, whether directly filling frac tanks or 

transferring to another location. (Source: TETRA Technologies)  
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George Fisher and Stephen Forrester, NOV

A
s wells have grown more complex in North Amer-

ican shale plays, challenging wellbore conditions, 

increasingly complicated lithologies and faster drilling 

have made it necessary to advance shale shaker tech-

nology. Shakers must be designed to maximize solids 

removal and thereby ensure the consistency and reli-

able operation and performance of the drilling fluid. 

This results in a fluid that requires less costly dilution 

to optimize both drilling per-

formance and wellbore condi-

tion. National Oilwell Varco 

(NOV) developed the Brandt 

SABRE modular shale shaker 

to provide the industry with 

improved shaker performance 

and reliability. 

Designed for a  
changing market 
The SABRE shale shaker system 

is based on a scalable platform 

that can be easily changed from 

a single-deck to a double-deck 

unit and from a double-deck to 

a triple-deck unit. The ability to 

make this upgrade in the field 

eliminates the need to change 

out the complete shaker system to gain increased 

capacity. The design also provides distinct advantages. 

For example, mounting the drive assemblies directly 

over the side walls of the basket ensures better energy 

transfer to the screens. The gravitational force is set at 

7G, with the counterweights adjustable to compensate 

for increasing the number of decks.

The system provides increased fluids-handling capac-

ity and the ability to deliver drying cuttings. Being able 

to handle 1.5 to two times more fluids than comparable 

high-performance shakers enables better control of 

low-gravity solids throughout the entire drilling process 

by the system, thereby reducing dilution and associated 

logistics costs. Its ability to generate dryer cuttings than 

conventional equipment also results in a reduction in 

haul-off/disposal costs. Secondly, for operators whose 

drilling application requires the retention and recovery 

of costly lost circulation material or wellbore stabiliza-

tion materials, SABRE’s triple-deck configuration can 

be set up to retain these particles and reintroduce them 

into the fluid system while still removing the undesir-

able low-gravity solids.

Performance was not the only 

factor in designing a new shaker 

system; improved safety, ease of 

use and durability also were crit-

ical design considerations. The 

lightweight screens used by the 

shaker system weigh 14 lb and 

can be easily changed by a single 

operator from the front of the 

shaker in a matter of minutes.

Case history
A major operator installed a 

single SABRE shaker based off 

promising early results from 

R&D testing. The operator’s 

main objective was to obtain rel-

evant performance data in real 

drilling conditions to determine if the new shaker system 

was viable as a replacement for other shakers as part of 

a larger installation. The rig that the SABRE system was 

run on had high-performance single-deck shakers to offer 

an appropriate comparison. All aspects of the SABRE 

system, from installation through to operation, were doc-

umented, beginning with the retrofit installation of a sin-

gle SABRE shake into the rig’s existing shaker skid.

An immediate benefit was that the shaker could be 

installed onto the skid without need for modification, 

Modular shale shaker drives  
performance evolution  

The ability to change from a single-deck to a multiple-deck unit in the field eliminates the 

need to change out the complete shaker system to gain increased capacity.

The SABRE shaker helps operators reduce downtime 

and increase capacity. (Source: NOV)
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providing the operator and contractor with the flexi-
bility of implementing the new shaker into operation 
with minimal downtime and cost. Furthermore, it 
allowed use of the skid’s existing flow distribution sys-
tem. Installation of the SABRE was completed in less 
than 8 hours, which could easily be decreased on sub-
sequent shakers. It also demonstrated that a complete 
retrofit could be achieved within a 24-hour period or 
during a rig move.

The shaker system handled 70% to 100% of the total 
flow (±600 gpm) throughout the five-well program with 
American Petroleum Institute (API) 200 mesh screens 
fitted. On this test, screens ranged from API 140 mesh 
through API 230 mesh during the 8½-in. oil-based mud 
sections, and the ROP averaged 18.2 m/hr to 33.5 m/
hr (60 ft/hr to 110 ft/hr). SABRE consistently dis-
charged significantly dryer cuttings compared to the 
high-performance single-deck shakers, with retention of 
oil on cuttings (ROC) averaging 8.85% compared with 
11.2%. This was achieved while consistently maintaining 
low-gravity solids levels below 11.8% 
with only one SABRE shaker. There 
was also no requirement to run any 
other solids control equipment (such 
as centrifuges) with no increase in the 
additional dilution typically seen on 
previous comparable wells. The reduc-
tion in ROC meant that haul-off and 
treatment costs also were reduced.

The SABRE yielded lower overall 
screen usage and cost compared to the 
incumbent shakers. Only two shakers 
were used for most of the five-well trial, 
reducing screen usage and improving 
system flexibility. 

In addition, since one shaker was 
frequently offline, screen inspec-
tions and changes could be made 
very easily. Throughout the program 
only 91 screens were used in total, 
which consisted of 24 SABRE screens 
and 67 screens for the other shaker 
type. This was significantly less that 
that seen on the five previous wells 
drilled with the same rig, where 250 
screens had been used. The company 
man, mud engineers, toolpusher 
and rig crew all approved of the new 
system and verified its improved 
performance over their existing 
options, with savings of approximately 

$192,000 during the five-well campaign. With a com-
plete SABRE shaker system (rather than the single test 
unit), these cost savings and overall benefits would 
have been significantly greater.

Conclusion

Shale operators drilling across North America and else-
where will continue to focus on reducing costs and 
increasing efficiencies for the foreseeable future, partic-
ularly as markets remain volatile and shareholders call 
for greater capital discipline. These needs are driving 
improvements in solids control, with shale shakers being 
a primary driver in maintaining the effectiveness and 
the desired properties of the drilling fluids and thus 
holding significant value. The more capable a shale 
shaker, the greater the efficiencies and potential pro-
duction of the wells. With Brandt SABRE, NOV has 
brought together design ingenuity, lower total cost of 
ownership and improved reliability in a modular, flexi-
ble system. 
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SHALE TECHNOLOGY 

SHOWCASE

Shale technology advances are increasing 

wellsite effi ciencies and improving operations. 

(Source: FerrizFrames/Shutterstock.com) 

Shale Technology

SHOWCASE 
In this special section, E&P highlights some of the latest 

products and technologies for shale development 

and looks at how they will benefi t companies in their 

ongoing search for improved production and more 

effective operating techniques. ■
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SHALE TECHNOLOGY SHOWCASE:  

EXPLORATION

Compiled by Ariana Hurtado,  

Associate Managing Editor

Subsurface sensing tools, seismic processing/inter-

pretation, reservoir characterization, rock physics, 

geomechanics and logging tools—the exploration tech-

nologies that upstream oil and gas operators seek out 

and use are abundant. The goal is the adoption of these 

tools will result in more efficient shale development and 

greater recovery. 

“In this tail end of the recent 

downturn, operators who man-

aged to develop workflows using 

data in ways that weren’t thought 

of before are emerging as the 

leaders,” Carl Neuhaus, vice pres-

ident of Well Data Products at 

TGS, told E&P. “Analytics, [which 

is] fueled by large amounts of 

high-quality data that are democ-

ratized across disciplines so all 

stakeholders are involved in 

ground-truthing algorithms, is 

proving to increase the NPV [net 

present value] of shale assets.”

The importance of predictive 

maintenance is increasing in oil 

and gas operations, according to a 

recent news release by GlobalData. 

“The adoption of predictive main-

tenance technologies is helping 

companies cut back on operational 

expenditure by optimizing mainte-

nance scheduling and driving pro-

ductivity,” the report stated.

The following is a sampling of 

new exploration technologies and 

services that were developed to 

improve efficiencies. n

Editor’s note: The copy herein is contrib-

uted from service companies and does 

not reflect the opinions of Hart Energy.

Exploration technologies  
prove valuable 

Commonly used exploration technologies are constantly evolving to improve  

completions efficiency and production results.

Left, Bluware Interactive Deep Learning 

gives geoscientists advanced interpretation  

capabilities. (Source: Bluware)
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The relationship between natural fractures and 

hydraulic fracturing is critical for shale development 

projects. Mapping faults (as a network of faults and frac-

tures) in a 3-D seismic volume reduces risk and uncer-

tainty. Interactive deep learning is now in the hands of 

the interpreter with Bluware’s Virtual Data Storage for-

mat, which includes random access capabilities, wavelet 

compression and an optimized Convolutional Neural 

Network (CNN). The CNN that is trained by the inter-

preter assists in mapping subsurface geological features, 

such as faults, using single amplitude or co-rendered 

seismic attribute volumes, resulting in significant time 

and cost savings and completion time. Bluware’s artificial 

intelligence software enables rapid interpretation that 

would be impossible to complete manually especially on 

large volumes of seismic data. bluware.com n

CGG’s ResPack HD (high-definition) service helps 

geoscientists bridge the gap between low-resolu-

tion seismic data and the reservoir model by deriving 

additional rock properties. Its workflow combines 

seismic with petrophysical and geological information 

using Monte Carlo Markhov Chain stochastic inversion 

methodology to produce multiple realizations of the 

subsurface. These provide effective detail of reservoir 

properties at a scale of about 1 m to 8 m (5 ft to 25 ft), 

compared to the 15-m to 36-m (50-ft to 120-ft) scale 

achieved by a typical seismic image. ResPack HD can 

generate 3-D volumes of most probable facies, elastic 

parameters for brittleness estimation and engineering 

properties, such as porosity, water saturation and con-

nectivity. Once geological structures, such as channels 

or debris flows are identified, these geobodies can be 

extracted from the dataset and examined for plausibility 

and ranked to present P10, P50 and P90 probabilities. 

Compared to seismic data, results need less upscaling 

(or perhaps none) before being incorporated into res-

ervoir models that bring enhanced subsurface insight to 

exploration and development teams. cgg.com/respack n

INTERACTIVE DEEP LEARNING FOR SEISMIC DATA 

HIGH-DEFINITION RESERVOIR CHARACTERIZATION 

Facies classification from geostatistical seismic inversion highlight potential targets in the Scoop/Stack plays of Oklahoma. 

(Source: CGG Multi-Client & New Ventures)
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Emerson’s latest E&P optimiza-

tion tool, Paradigm k, leverages 

innovative sensing technology, data 

historization, cloud computing 

and simulation engines to help 

companies maximize production 

and aid in well planning. The 

system depicts the oil field as a 

single system by enabling any field 

instrument to be enhanced with 

historical, real-time or forecasted 

subsurface data to enrich measure-

ments and extend their application 

across all domains, including facili-

ties, wells, fractures and reservoirs. 

In addition, because it is connected 

to the cloud, the system can run 

simulations in minutes rather than 

days, optimizing operations and 

fostering collaboration between 

silos of expertise on an unprece-

dented level. emerson.com n

Ikon Science and Fairfield Geotechnologies have part-

nered to improve operator production by providing 

the technology that accurately maps facies in 3-D from 

seismic. By leveraging machine learning to deploy 

proven calibrations across large data-

sets, it has become faster to identify 

additional targets and improve well 

performance. Via the applied use of 

this technology, Ikon Science case 

studies show where operators have 

been able to land wells accurately and 

inform geosteering to remain within 

high-productivity strata, meaning 

drilling hazards are avoided while 

keeping up with the drilling sched-

ule. The two companies published 

the “Red Tank Ji-Fi” report this year. 

The regional seismic characterization 

study took place in the northeastern 

portion of the Delaware Basin. The 

report delivers a high-resolution 

set of facies and rock properties 

and provides quantitative inputs for 

sweet-spotting the highest rate wells, 

enabling greatest recovery of liquids, data-driven well 

spacing, optimized management of parent/child well 

drainage patterns and honed field development and pro-

duction plans. ikonscience.com, fairfieldgeo.com n

SOFTWARE ENABLES PRODUCERS TO EXTEND INSIGHT ACROSS OPERATIONAL DOMAINS

SYSTEMATIC RESERVOIR CHARACTERIZATION COMBINED WITH SEISMIC ACQUISITION

Emerson’s Paradigm k E&P optimization software leverages sensing technology, data  

historization, cloud computing and simulation engines to help in well planning and  

maximize production. (Source: Emerson)

A technology by Ikon and Fairfield predicts rock properties, lithology, fluid content and 

flow characteristics of reservoirs. (Source: Fairfield Geotechnologies)
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BIW Connector Systems is one of the first suppliers of electrical 
penetrator systems for the upstream oil and gas market to offer 

electronically monitored, ultrahigh temperature and pressure test-
ing. To complement its testing capabilities, BIW engineers designed 
and introduced a $1.5 million autoclave test chamber to help cus-
tomers solve a number of challenges including the ability to mon-
itor electrical performance while a device is undergoing pressure 
and temperature cycling, which has become invaluable and in high 
demand. Operators and engineers want to know what is going on 
with electrical properties when pressure and temperature variations 
occur to help ensure longer runlife. The new chamber simulates the 
most challenging downhole conditions and accommodates testing 
of much larger samples up to 1.8 m (6 ft) long in a vertical orienta-
tion, with any ratio of gas and liquid, at temperatures up to 343 C 
(650 F) while at pressures as high as 10,000 psi. ittbiw.com n

TESTING CHAMBER SIMULATES CHALLENGING DOWNHOLE CONDITIONS

The ITT BIW Connector Systems advanced testing chamber is one of the first 

electrical penetrator systems offering electronically monitored ultrahigh 

temperature and pressure testing. (Source: ITT BIW Connector Systems)

http://HartEnergy.com
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Missing log curves and incom-

plete data create weaknesses 

in oil and gas workflows. To rem-

edy this, TGS is combining its vast 

digital well log library with machine 

learning software to create Analyt-

ics Ready LAS (ARLAS). With this 

technology, every LAS is trans-

formed into a complete Quad-

Combo suite. ARLAS prediction 

algorithms will calculate missing 

log curves and fill in gaps using a 

series of high-density data and 

blind testing. Accuracy is well above 

90% due to more than 75 different 

machine learning models for each 

basin. The current catalog already 

includes Quad-Combo predictions 

for all 300,000-plus wells in the 

Permian Basin as well as 170,000-

plus wells in the Anadarko Basin. 

The remainder of U.S. onshore 

wells will be available by the end of 

the year. tgs.com 

LOG CURVE PREDICTION ALGORITHMS ENHANCING WORKFLOWS

E&P companies looking to streamline the process of 

assessing and acquiring minerals and assets 

have a new tool. PetroValues Inc. has released 

its free online Oil and Gas Marketplace with an 

exponentially growing database of mineral list-

ings, appraisals and well data. On PetroValues’ 

website, tasks that formerly required time-con-

suming manual labor, costly subscriptions to 

multiple databases and software can now be 

done at no cost in seconds. Mineral buyers can 

access maps and information based on a wide 

variety of search criteria including formations, 

production, well operators and more. Through 

the Listings portal, landmen and mineral own-

ers can instantly see a well’s forecast and esti-

mated worth based on PetroValues’ proprietary 

and accurate calculations. The database is con-

stantly updated to remain current. PetroValues 

provides the resources of an oil company (e.g., 

mineral listings, appraisals, and free well and 

production data) in an accessible, confidential 

and efficient manner. petrovalues.com n

NEW DATABASE/PLATFORM STREAMLINES MINERALS RESEARCH

PetroValues’ website lets mineral owners and buyers access maps and 

information based on a wide variety of search criteria, including  

formations, production and operators. (Source: PetroValues Inc.)

ARLAS log curves show measured and prediction sections with a source indicator. Also,  

uncertainty curves display accuracy of predictions. (Source: TGS)

ARLAS Curve Predictions

Measured

Predicted

Source

Confidence  

Interval
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Compiled by Ariana Hurtado,  

Associate Managing Editor

Multiple problems can arise while drilling. Point-

ing out one example, Sam Shwayat, a technical 

and solutions specialist at DiverterPlus, told E&P a key 

component in improving drilling efficiency and con-

trolling costs is stopping or preventing lost circulation. 

“This is accomplished by the many available options of 

lost circulation material [LCM]; although most LCM 

types available in the market today do not address 

the amount of formation damage or the negative 

impact on cement bonding they can cause,” he said. 

“Through lab testing and field applications, degrad-

able LCM has shown to be a cost-effective solution for 

not only stopping losses but also in addressing these 

two issues.” 

Many operators and service companies have formed 

relationships to address these issues and to keep up 

with the challenges operators face out in the field. 

“The economics have forced both the operator 

and supplier to continually look for efficiency gains 

in their operations,” said Timothy Armand, Newpark 

Drilling Fluids’ president, North America. “Processes 

involving supply chain, logistics, seamless operations 

from a service provider as well as enhancing overall 

operational efficiency had to improve in order to 

make oil and gas exploration economical at current 

crude oil prices.”

The following is a sampling of new products and ser-

vices available for shale drilling. n

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

companies and does not reflect the opinions of Hart Energy.

Innovative drilling tools  
increase ROP 

Technologies are evolving to meet the increasing demands of unconventional drilling.

There are 975 rigs operating in the U.S. and 103 in 

Canada (as of June 7), and there are 1,126 rigs 

operating internationally (as of May), according 

to the Baker Hughes, a GE company, “Rig Count 

Overview & Summary Count.” (Photo by Ricardo 

Merenoni; courtesy of Oil & Gas Investor)

http://HartEnergy.com
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Shale operators are looking to reduce operating costs 

and drill more wells faster to keep up with the steep 

decline curves in unconventional wells. For conventional 

directional drilling applications, this means getting more 

power and torque to the drillbit and minimizing nonpro-

ductive time resulting from unplanned trips for motor 

failures. Navi-Drill DuraMax high-performance downhole 

motors by Baker Hughes, a GE company (BHGE), have 

been redesigned to provide more horsepower, torque 

and durability to drill the curve and lateral in one run. 

In the Permian Basin, the Navi-Drill DuraMax motor 

recently drilled 2,332 m (7,652 ft) in 80 drilling hours 

and maintained an average ROP of 35 m/hr (114 ft/hr). 

By drilling 953 m (3,127 ft) laterally in one day, BHGE 

provided a 30% improvement in overall ROP, saving the 

operator three days in rig time. bhge.com n

Cortec’s new bio-based, biodegradable EcoLine wire 

rope grease for various oil and gas applications pro-

tects wire rope against corrosion and extreme pressure 

wear. It is recommended for use in environmentally sen-

sitive areas near waterways and is ideal for protection in 

salt spray conditions. EcoLine grease is formulated from 

vegetable oils, aluminum-based thickener and anti-cor-

rosion additives for maximum wire rope protection. A 

higher flash point and biodegradable formula increases 

safety and lowers environmental impact compared to 

conventional petroleum greases. It is available in NLGI 

grades 0 or 1. EcoLine meets the U.S. Environmental 

Protection Agency’s Environmental Preferable Purchas-

ing criteria as well as the U.S. Department of Agricul-

ture’s proposed bio-based product definition for EO 

13101. cortecvci.com n

A t 3.6 m (12 ft) in length, D-Tech’s rotary steer-

able system (RSS) was designed to be the short-

est, most streamlined system on the market. To help 

reduce risks and stay in the sweet spot longer, while 

drilling complex well profiles reliably, the RSS was 

designed with only 10 moving parts and employs a 

highly accurate, three-axis near-bit directional pack-

age. The system arrives at the wellsite preconfigured, 

minimizing operational errors and improving down-

hole performance. To further improve performance 

and avoid nonproductive time, an onsite D-Tech tech-

nician and 24/7 remote support are available when 

tools are downhole. On a recent well in the Permian 

Basin, an operator was drilling a 5-km (3-mile) 8.5-

in. lateral in the Wolfcamp Formation. The operator 

wanted to increase ROP toward the end of the lateral 

while reducing trips. D-Tech’s RSS completed 4,448 m 

(14,593 ft) to total depth, drilling the longest and fast-

est one-run RSS lateral in the basin at 47.5 m/hr (156 

ft/hr). dtechdrilling.com n

DOWNHOLE MOTORS DRILL CURVE AND LATERAL IN ONE RUN

EXTEND SERVICE LIFE OF WIRE ROPE AND CABLES 

REDUCE RISKS AND STAY IN SWEET SPOT LONGER WITH NEW RSS

The simulation-driven design of the NaviDrill DuraMax motor enables predictive maintenance, mitigates motor failures and reduces 

nonproductive time. (Source: BHGE)
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Lost circulation is a well-known challenge during 

drilling and cementing operations. Losses not only 

negatively impact productive operating time, but it also 

can be damaging to the reservoir due to the influx of 

drilling fluids and potentially influencing the production 

rate. Most nondegradable lost circulation control mate-

rial (LCM) does not address this problem and can leave 

void spaces in cement leading to poor or inadequate 

bonding. A well in the Midcontinent with similar lost 

circulation problems benefited from the deployment of 

a newly developed polylactic-acid-based degradable LCM 

(CemVert+). It proved to be effective for plugging vari-

ous fracture widths at different temperatures while main-

taining stability to cure losses then degraded over time to 

mitigate reservoir damage and improve cement bonding. 

diverterplus.com n

The Stinger is a robotic pipehandling system respond-

ing to specific well construction operation require-

ments in unconventional drilling. It allows users to build 

up and rack back stands of drillpipe, drillcollars and 

casing offline while drilling. Its configuration enhances 

safety and predictability by taking the workforce out  

of the line of fire and by carrying the pipes in a pre- 

established path, aided by an arm on the drill floor, the 

Backer. The Backer moves in full synchronization with 

the Stinger carrying the whole stack of pipe in a hands-

free operation, working on mouse hole, center well and 

setback in perfect safety. The Stinger, in combination 

with the Striker-800 rig, is an efficient and innovative 

drilling rig package. drillmec.com n

NEW DEGRADABLE LOST CIRCULATION CONTROL MATERIAL

ROBOTIC PIPEHANDLING SYSTEM ENHANCES SAFETY, PREDICTABILITY

The left log shows cement bond improvement when using CemVert+, and the right side displays poor bonding  

without CemVert+. (Source: DiverterPlus) 

ELIMINATED LOSSES AND FALLBACK WITHOUT DAMAGE TO RESERVOIR OR COMPROMISING 
CEMENT BOND

http://HartEnergy.com
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With rigs mov-

ing toward 

automation, the 

tong of the future 

will need preci-

sion control and 

operational capa-

bilities. Frank’s 

International has 

released its newest 

generation of tong 

systems. The 

company’s 75⁄8-in. Electric Tong with Integral Backup com-

bines Frank’s previous tong reliability and robustness with 

the precision of a new electric motor system. 

The new control system drives down the standard 

hydraulic tong off-target error percentage from ±3.5% 

to ±0.5%, adding an unmatched level of system con-

trol. This precise torque control helps to preserve well 

integrity, which saves companies time and money by not 

having to rework the wells before their intended lifespan 

is reached, along with reducing the possible environ-

mental impact by removing the need for a power unit. 

franksinternational.com n

ELECTRIC TONG OFFERS ENHANCED TORQUE CONTROL

Frank’s Electric Tong with Integral Backup offers enhanced torque control when  

compared to hydraulic solutions. (Source: Frank’s International)

http://HartEnergy.com
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The Uni-Lok wellhead penetrator system design is 

ideal for hazardous environments where safety, 

reliability and durability are essential. This highly 

engineered and affordable system for 149 C (300 

F) and 5,000-psi wellheads, offers a true 

pressure block and retrofits to any surface 

cable providing efficient electric submersible 

pump power pass-through. Unlike other 

systems, Uni-Lok offers a complete ver-

ified pressure block inside the tubing 

hanger, ensuring that hazardous gases 

stay downhole. The attachable penetra-

tor is easy to install and eliminates additional 

steps fitting sealing bores as small as 1.75 in. 

To withstand harsh environments and ensure 

optimum safety, Uni-Lok is thoroughly tested 

and has installation certifications in haz-

ardous environments. ittbiw.com n

WELLHEAD PENETRATOR IDEAL FOR HAZARDOUS ENVIRONMENTS

Halliburton has released the Flex managed pressure 

drilling (MPD) system, a scalable and mobile tech-

nology that can be configured to address specific oper-

ator challenges and deliver greater rig efficiency. The 

tiered system allows operators to select the right level of 

service to help maximize the cost/benefit of MPD ser-

vices. The standard Flex MPD offering is a tablet con-

trolled solution with a single, straightforward display so 

the driller can control backpressure or choke position 

while drilling, tripping and making connections. When 

additional control is required, Flex Pro MPD incorpo-

rates rig data for a more intelligent automated response 

to adjust backpressure based on flow rates and bit 

depth. The system also can run as a full MPD solution 

using real-time hydraulic modeling to control downhole 

pressure. halliburton.com n

MPD SYSTEM DESIGNED TO DELIVER GREATER RIG EFFICIENCY

The Flex MPD system provides tiered services so operators can select the most efficient solution in a mobile and compact package. 

(Source: Halliburton)

ITT BIW Connector Systems’ Uni-Lok wellhead 

penetrator system delivers dependable safety 

at the wellhead without the costs associated 

with more complex systems. (Source: ITT BIW 

Connector Systems)

http://HartEnergy.com
http://ittbiw.com
https://www.halliburton.com/en-US/default.html
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Midland, Odessa and the surrounding 161-km (100-

mile) radius are remote regions in Texas that tra-

ditionally see critical land drilling rig equipment services 

stretched thin. To address the shortage of readily accessi-

ble service in the region, Logan Industries has released a 

mobile service truck outfitted with all required tools and 

spares for the most common hydraulic troubleshooting 

and light repair work, including filter elements, cartridge 

valves, onsite fluid filtering and wearable items. The 

mobile service unit is manned by a crew of three on rota-

tion at all times with a service manager located in Hemp-

stead, Texas. The new service enables Logan to offer 

quicker onsite and on-call services and support to clients 

across West Texas. Expansion to mud pump fluid end ser-

vice and upgrade, as well as top drive service and support, 

is planned within the next year. loganindustries.net n

Newpark Fluids Systems’ Navigate is an oil-in-brine 

direct emulsion fluid system with densities lower 

than conventional water-based fluids that allows oper-

ators to drill evaporate sequences, maintain borehole 

integrity, lower the fluid density in horizontal wells or 

drill areas where losses are prevalent. The fluid sys-

tem is capable of avoiding washout in salt zones when 

utilizing saturated sodium chloride brine while main-

taining a lower density fluid, reducing lost circulation 

events. Navigate is a clay-free, low solids, nondispersed 

direct emulsion system when formulated with Ntegral 

products. These are polymers that can be utilized in 

a broad spectrum of water-based fluids. They provide 

shear thinning rheological properties ensuring cut-

tings suspension. They also deliver exceptionally thin 

filter cakes, reduced torque and drag, and improved 

casing run times for exceptional drilling efficiency. 

newpark.com n

The HyperBlade hyperbolic 

diamond element bit 

from Smith Bits, a Schlum-

berger company, reduces 

drilling costs by improving the 

ROP while maintaining steer-

ing response and directional 

tracking in soft and plastic 

rock formations. The new 

technology incorporates the 

distinctive geometry of Hyper 

hyperbolic diamond cutting 

elements that cut 20% deeper 

into rock compared with 

conventional PDC cutters. A 

thicker, precision-molded dia-

mond table makes the Hyper 

element tougher and more 

durable for drilling soft and 

plastic rock formations, while 

armored cutting edges with-

stand high-impact transitions. 

In the Marcellus Formation 

in northern Pennsylvania, an 

operator achieved an onbottom ROP of 126 m/hr (415 

ft/hr), resulting in a 62% improvement with the new bit 

compared with offset runs using conventional PDC bits. 

slb.com/hyperblade n

NEW WEST TEXAS MOBILE SERVICE UNIT 

EMULSION ALLOWS OPERATORS TO DRILL PROBLEMATIC FORMATIONS 

REDUCE COST DRILLING IN SOFT AND PLASTIC FORMATIONS 

SHALE TECHNOLOGY SHOWCASE:  

DRILLING

The new HyperBlade bit maintains steerability and directional tracking and increases average 

ROP by more than 20% compared with conventional PDC cutters. (Source: Schlumberger)

http://HartEnergy.com
http://loganindustries.net
https://www.newpark.com/
http://slb.com/hyperblade
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The Deadbolt valve system is a security mea-

sure added to TAM International’s Casing 

Annulus Packers (CAPs) to prevent any leak 

path inside the casing. The Deadbolt provides 

operators with a means of running inflatable 

CAPs without risking casing integrity. Inflat-

able CAPs are used globally to support the 

hydrostatic weight of cement when operators 

encounter weak or lost circulation zones. As 

part of the casing design program, these CAPs 

are placed right above the lost circulation 

zones where washouts and irregular hole sizes 

are common. Because of these extreme condi-

tions, inflatable CAPs can sometimes over- 

expand beyond the capabilities of the packer. 

If a well is on losses, this could create a flow 

path from inside to outside, compromising cas-

ing integrity. The Deadbolt valve is an integral 

failsafe system that can shut off this flow path. 

tamintl.com n

PREVENT ANY LEAK PATH INSIDE CASING 

Scientific Drilling’s BitSub is a short, 

integrated sensor providing at-bit, 

real-time, continuous inclination, 

azimuthal gamma ray and drilling 

dynamics measurements. The BitSub 

sensor’s at-bit azimuthal gamma ray and 

inclination information provide imme-

diate feedback on both the stratigraphic 

position and directional trend of the 

wellbore. The lateral and axial vibration 

measurements and bit rpm enhance 

drilling performance and warn of inef-

ficient or potentially damaging drilling 

conditions. Positioned between the bit 

and mud motor, the always-rotating 

sensor provides its full range of mea-

surements in both rotating and sliding 

drilling modes. The battery-powered 

sub uses short-hop electromagnetic 

telemetry technology to communicate 

with the MWD tool above the motor 

and provides at-bit measurements back 

to the surface, allowing the BitSub to be 

used with a wide variety of mud motors. 

scientificdrilling.com n

The Anti Stick-Slip Tool (AST) uses a simple  

algorithm to optimize the rock-cutting interface. A 

location below the mud motor gives the AST a response 

time of less than 100th of a second. That is far better 

than any surface controls. Since 2018 the AST also was 

available for combined curve and lateral drilling. The 

way a normal PDC bit will vent off torsional overload is 

through axial excitation, which means bouncing off  

bottom. Such axial excitation reduces the effective cut 

and wears on the bit. With AST, the same situation is 

solved by momentarily 

reducing the weight on bit 

to lower the torque and 

keep the cutter engaged 

with minimal axial exci-

tation. Mathematical 

modeling says this princi-

ple will increase ROP by 

about 50% and double 

footage. tomax.no n

INTEGRATED SENSOR PROVIDES FULL RANGE OF MEASUREMENTS 

AUTONOMOUS BOLT-ON TOOL REQUIRES MINIMUM EFFORT TO DEPLOY

The BitSub provides inclination, azimuthal 

gamma ray, rpm and vibration data  

measured 16 in. above the bit.  

(Source: Scientific Drilling)

The Deadbolt valve maintains casing integrity when 

using TAM’s CAPs. (Source: TAM International)

The illustration focuses on the entire lower drilling system and shows the radical drilling systems 

used for shale resources. (Source: Tomax)

Casing 
Mandrel

Inflation  
Sub with  

Deadbolt  
Valve

Inflation  
Element

http://HartEnergy.com
http://tamintl.com
http://scientificdrilling.com
https://www.tomax.no/
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R ig crews are the first line of 

defense for a well control event. 

Operators and drilling contractors 

have used Wild Well Control’s 

mobile Crew Training Unit to 

improve their rig crew’s knowledge, 

understanding and awareness of well 

control. Wild Well’s onsite training 

prepares individual team members to 

understand how to maintain control 

when a kick occurs during live drill-

ing operations. The mobile rig site 

unit is an innovative way to educate 

drilling rig crews on the indicative 

signs of well kicks, critical deci-

sion-making skills in highly pressured 

scenarios, proper drilling techniques 

and correct shut-in proce-

dures. A confident, well-pre-

pared crew can more readily 

manage well control issues 

by recognizing potential 

problems before they occur 

and reacting quickly to safely 

maintain control of the well. 

wildwell.com 

RIG SITE CREW TRAINING UNIT FOR WELL CONTROL EVENTS

Wild Well’s Crew Training Unit 

extends its certified well control 

training class to the rig site with 

an innovative way to educate 

drilling rig crews.  

(Source: Wild Well Control)

http://HartEnergy.com
https://wildwell.com/
http://stratasadvisors.com
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Compiled by Ariana Hurtado, 

Associate Managing Editor

Completion tools are at the top of the list for signifi -

cant technologies needed for a successful unconven-

tional oil and gas operation. 

“Optimizing your completion strategy is key to deliver-

ing high-performance wells on a consistent basis. Innovate 

or become obsolete,” JD Schmidt, COO at Enhanced 

Energetics (formerly The GasGun LLC), told E&P.

Many service companies are continuing to develop 

and enhance well completion tools—innovations that 

are crucial to improving effi ciencies.

“Completion costs and effi ciency are the last 

domino to address as the industry aims to further 

reduce well costs and completion times,” said Grant 

Ayo, vice president of AFGlobal’s NRG Pressure 

Pumping Technologies. “While incremental gains 

were achieved over the last decade of the shale boom, 

the market is still seeking an innovation that truly 

changes the dynamics of well completions. The solu-

tion lies in equipment that evolves completions from 

the diesel age to the digital age, giving the industry 

tools that improve horsepower density, asset life and 

machine intelligence.” 

New technologies in the completions fi eld are among 

the most important components in the overall cycle of 

producing a barrel of oil. The following is a sampling of 

the latest completions technologies. n

EditorÕs note: The copy herein is contributed from service 

companies and does not refl ect the opinions of Hart Energy.

Changing the dynamics of 
well completions  

Completions technologies are helping drive down breakevens.

Calfrac uses an overlay charting technique to analyze 

pressure responses in real time to prevent screenouts and 

reduce nonproductive time. (Source: Calfrac)

http://HartEnergy.com
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AFGlobal’s DuraStim hydraulic fracturing 

pump was developed to overcome long- 

standing performance shortfalls of triplex and 

quintuplex designs. The DuraStim pump forms 

the basis for far-reaching gains in frac pump per-

formance and the execution of hydraulic fractur-

ing treatments. The 6,000-hp DuraStim is a fully 

automated, long stroke, low-frequency variable  

displacement pump. Fluid-end stress, a key source 

of wear with conventional pumps, is greatly 

reduced by the pump’s 48-in. stroke and a low 

cyclic rate of 20 cycles per minute or less com-

pared to 200 cycles per minute with conventional 

pumps. The pump triples the horsepower pro-

duced from the same footprint as conventional 

pumps, significantly reducing frac spread com-

plexity and improving wellsite logistics and safety. 

afglobalcorp.com n

Chemterra and Air Liquide are releasing results from 

laboratory test studies of hydrophobic proppant (i.e., 

hydrophobically coated sand) transport by an aqueous 

fluid combined with nitrogen at different concentra-

tions under high pressure (2,000 psi). The companies 

have found that this combination provides a significant 

improvement in proppant transport compared to a con-

ventional proppant (i.e., uncoated sand without added 

nitrogen). This supports the expectation that proppant 

particles adhering to gas bubbles improves transport prop-

erties and thus overall fracture conductivity. Increasing 

nitrogen gas volume fraction within the fracturing fluid 

significantly enhances proppant suspension, particularly 

for smaller size proppant. airliquide.com, chem-terra.com n

AUTOMATED, LONG STROKE, LOW-FREQUENCY VARIABLE DISPLACEMENT PUMP 

HYDROPHOBIC-COATED PROPPANTS, OPTIMIZATION OF FLUID INJECTION 

Integrated with a conventional frac spread for an operator in the Permian 

Basin, the DuraStim pump logged more than 40 hours of run time and 

pumped in excess of 20 stages in three wells. (Source: AFGlobal)

These images are from the Proppant Transport Test Bench, which is located at Air Liquide’s Delaware Innovation Campus. (Source: Air Liquide)

http://HartEnergy.com
http://afglobalcorp.com
https://www.airliquide.com/
http://chem-terra.com
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A rcher’s Stronghold system 

is field proven with more 

than 140 runs worldwide. Its track 

record shows a significant improve-

ment of reliability from the first 

generation three-trip system to the 

new robust one-trip system. The 

new and improved Stronghold 

Barricade+ system is the latest 

addition to the Stronghold family. 

It has higher circulation, pressure 

and bypass capabilities to increase 

performance on perforating, wash 

and cementing operations, espe-

cially for dual annuli applications 

and large casing diameters. The 

Barricade+ system provides an eco-

nomical and effective alternative to 

traditional plug-and-abandonment 

techniques. In designing the Barri-

cade system, the engineers focused 

on efficiency, flexibility and reli-

ability. archerwell.com n

A new integrated completion workflow tracked 

naturally occurring DNA markers within pro-

duced fluids and well cuttings to estimate per-comple-

tion stage production contributions. When the well 

turned to production, produced fluids were collected 

for DNA analysis and compared to cuttings-derived 

DNA markers. The integrated analysis shows higher 

productivity from toe and heel stages and a lack of 

production from the middle stages. The completion 

reports indicated that the middle lateral stages had 

completion difficulties and little to no sand placement 

during fracturing operations. The toe and heel ends 

were completed as designed. Where the geosteering 

report indicates the well was in formation, the comple-

tions reports indicated successful hydraulic fracturing. 

Understanding lateral contribution by stage can lead 

to revised drilling programs and a better understand-

ing of well productivity. biota.com n

Blackhawk Specialty Tools, a division of 

Frank’s International, offers a line of 

frac plugs, including the BIG EASY com-

posite frac plug and BLACK GOLD dis-

solvable frac plug that are field proven to 

handle the most challenging applications. 

The BIG EASY frac plug provides a short-

term barrier to separate stages during stim-

ulation operations. The fully composite 

body and slip design allows the customer 

to easily remove the barrier and conserves 

water by having the ball run in place. It offers 

greater versatility during fracturing operations 

and prevents the slipping commonly encoun-

tered with these types of tools. The highly engi-

neered material enables drill-out times of 4.5 to 

6 minutes with standard drill-out procedures. 

blackhawkst.com n

A ROCK-TO-ROCK BARRIER IN ONE TRIP

UNDERSTANDING LATERAL CONTRIBUTION BY STAGE 

FRAC PLUGS PROVIDE OPERATIONAL GAINS, REDUCE RISK 

The Blackhawk frac plugs provide a short-term barrier to 

separate stages during stimulation operations.

(Source: Blackhawk Specialty Tools)

The Stronghold Barricade+ system depicted in a well gives an overview of the system’s 

parts. (Source: Archer)
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http://HartEnergy.com
https://archerwell.com/
http://biota.com
http://blackhawkst.com


63HartEnergy.com  |  E&P  |  July 2019

The Hibernate warm-
start system from 

C&J Energy Services pro-
vides the ability to auto-
matically shut down frac 
pump engines between 
stages and then make 
remote group starts 
when it’s time to pump 
again. During 62 days 
of recent field tests on 
a West Texas fleet, the 
system reduced engine 
idling approximately 
54% and total engine 
hours 32%. Projected 
for 300 days’ usage per 
year (using average fuel 
prices over time of test-
ing), savings amount to 
$1.29 million for a fleet 
of 18 trucks. Projected total annual savings (accounting 
for both fuel savings and maintenance reductions) were 
$1.52 million for the fleet. Minimizing run time and 

maintenance also contributes to improvements in envi-
ronmental performance and reductions in personnel 
safety risks. cjenergy.com n

SYSTEM ENABLES AUTOMATIC SHUTDOWN OF FRAC PUMPS, REMOTE GROUP STARTS

With the Hibernate warm-start system, C&J Energy Services enables automatic shutdown of frac 

pumps as well as remote group starts from the data van. (Source: C&J Energy Services)
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In an age of simplistic fracturing opera-
tions and basic fluid systems, real-time 

engineering is still required to be an effi-
cient operator. Reduction of nonproductive 
time (NPT) on location is an active process, 
and having actionable information relating 
to pending screenout events can be key to 
improving operational efficiencies. Calfrac 
engineers use an overlay charting tech-
nique to analyze pressure responses in real 
time, preventing screenouts and NPT. This 
technique was first developed to determine 
effectiveness of diverter drops and allow for 
real-time optimization (SPE-194336 paper). 
Applying this technique to compare previous 
or offset stages enables Calfrac engineers to 
identify pressure trends that deviate from 
previous frac placement successes. Getting 
proactive, actionable recommendations 
prior to a screenout always provides more 
opportunity for efficiency improvement than 
post-job analysis. calfrac.com n

OVERLAY CHARTING TECHNIQUE ANALYZES PRESSURE RESPONSES 

Calfrac uses an overlay charting technique to analyze pressure responses in real 

time to prevent screenouts and reduce NPT. (Source: Calfrac)

http://HartEnergy.com
https://cjenergy.com/
https://calfrac.com/
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DarkVision’s new high-resolution, acoustic-based down-

hole imaging technology gives operators a 360-degree 

view inside their wells, regardless of fluid clarity. Unlike 

optics systems, the technology uses high-frequency sound 

waves to see, allowing it to image through opaque fluids at 

a sub-millimetric level. The tool can be deployed using any 

standard wireline, e-coil or tractor systems in an array of 

applications from thermal to shale wells. The technology is 

being used by operators to assess a wide spectrum of prob-

lems such as casing damage, corrosion, erosion and sliding 

sleeves conditions. DarkVision is being used extensively for 

perforation analysis to measure the size and shape of indi-

vidual perforations, assess cluster efficiency and comple-

tion design effectiveness. DarkVision has run its imaging 

tools with 16 different operators in North America.  

darkvisiontech.com n

DOWNHOLE IMAGING TECHNOLOGY GIVES 360-DEGREE VIEW INSIDE WELLS 

A perforation analysis shows images of shape, size and dimensions of each perforation pre- and post-frac in long lateral wells.

(Source: DarkVision)
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Deep Imaging Technologies’ newest technology 

reduces uncertainty for operators by providing a 

real-time view of their frac fluid movement. By watching 

where the fluid is actually going operators can uncover 

what’s really happening and make targeted adjustments 

that cut costs and improve net present value. For exam-

ple, they can see if a child well is leaking into a parent 

well, if stages are overlapping or if well-placement is 

correct. The company tracks fluid movement by creat-

ing an electromagnetic field aboveground, off pad and 

over the horizontal. The field is altered as the frac fluid 

enters the reservoir, and those alterations are mapped. 

By understanding how stages interact with stages and 

wells interact with wells, operators are making informed 

changes and realizing reduced completions costs and 

improved production. deepimaging.com n

TECHNOLOGY PROVIDES REAL-TIME VIEW OF FRAC FLUID MOVEMENT 

In this example, the operator can see that stages are  

overlapping and can reduce the number of stages  

saving about $1 million per well. (Source: Deep  

Imaging Technologies)

http://HartEnergy.com
http://darkvisiontech.com
http://deepimaging.com
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VORARAD technology is a formulated 

polyurethane coating system for sand 

proppants that simplifies hydraulic fractur-

ing operations in low temperatures. The 

system serves two critical functions: prop-

pant flowback control and radium capture 

downhole. Laboratory experiments  

measuring radium uptake by VORARAD- 

containing proppants demonstrate the 

technology’s ability to selectively seques-

ter radium under a range of conditions, 

spanning from the early flowback period 

to the later well life-cycle stages. In a series 

of tests on five flowback and two produced 

field water samples with baseline Ra-226 

concentrations varying from 1,230 to 9,750 

pico Curie (pCi) per liter, the cumulative 

uptake of Ra-226 was found to be between 

455 pCi/lb and 823 pCi/lb of proppant. Based on these 

results, it is estimated that 5,900 µCi of radium will be 

captured over one year, when 25% of the proppant mix 

used is VORARAD proppant. dow.com/vorarad n

ENABLING DOWNHOLE SEQUESTRATION OF RADIOACTIVE WASTE 

VORARAD technology simplifies or eliminates wastewater treatment topside by 

trapping radium and sequestering it underground. (Source: Dow Polyurethanes)

EKU Power Drives Inc. has released Vulcan, 

a smart, diesel-powered coolant heater 

with 60-kW power. With this new product, EKU 

Power Drives can retrofit frac pumps that oper-

ate in areas with ambient temperatures down 

to -40 C (-40 F). The coolant heater works in 

conjunction with the engine standby controller, 

a system reducing the idle time of frac pumps 

up to 90%. The coolant heater satisfies two dif-

ferent requirements: it can optimally preheat 

before the frac pump’s first start at the well, 

reducing startup time, as well as after the drive 

train has been shut down, when it keeps frac 

pump primed to be restarted at any time under 

full load. ekupd.com n

REDUCING IDLE TIME OF FRAC PUMPS  

An E&P company’s frac pump in North Dakota has EKU systems, an engine 

standby controller and Vulcan installed. (Source: EKU Power Drives)
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DynaEnergetics’ DS NLine alignment system provides 

exact charge alignment between gun modules, 

ensuring accurate perforating in a chosen direction. Each 

module can be rotated independently then locked in 

place when aligned with adjacent guns. This allows the 

entire plug-and-perf carrier string to shoot charges in a 

predetermined direction, such as the direction of max-

imum stress or away from control lines or fiber optics. 

For downhole orientation, the new system uses fin-based 

locator subs to achieve results within the optimum win-

dow of the chosen orientation. Designed with safety and 

wellsite efficiency in mind, the DS NLine sub carries the 

same benefits of other DynaStage systems, such as the 

use of fracture-optimized shaped charges, an intrinsically 

safe detonator assembly, and full string testing and system 

confirmation prior to running in hole. dynaenergetics.com n

SYSTEM PROVIDES EXACT CHARGE ALIGNMENT BETWEEN GUN MODULES 

http://HartEnergy.com
https://www.dow.com/vorarad
https://www.ekupd.com/
http://dynaenergetics.com
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Operators are improving their plug-and-perf (PNP) 

completions with Enhanced Energetics’ Kraken 

propellant-enhanced perforating system. Exceeding the 

limits of conventional perforating, the propellant boost-

ers generate gas pressure at a rate that fractures rock in 

tension while rapidly enough to avoid leakoff effect. This 

pressure event breaks down each perforation tunnel, 

allowing frac fluids to enter the formation beyond the 

damaged zone caused by standard perforating and initiate 

at a reduced pressure. By pretreating the perforation tun-

nels in this way, operators also can increase fracture effi-

ciency, which is the percentage of perforations in a stage 

that take fluid and proppant. Utilizing this technology 

can replace the need for acid on the front-end fracturing 

operations. Kraken perforating is an engineered solution 

that provides consistency and repeatability for completing 

high-performance wells. enhancedenergetics.com n

The Elect monobore frac 

sleeve systems use the 

mechanical framework of a 

standard frac sleeve but also 

incorporate an electronic sub- 

assembly that houses an electronic 

board, batteries and a one-time use electrohydrau-

lic lock. This results in the ability to deploy an inert 

piece of casing in the wellbore that contains a digital 

brain awaiting the command to transform into any type 

of frac sleeve required in a wellbore. If unlimited sin-

gle-entry points are required, the system can include 

a baffle and tell the sleeve how many balls to count. If 

multi-entry points or a toe sleeve are needed, the 

system can be run as is and told when to 

activate. The Elect sleeves offer 

unlimited stage counts in mul-

tistage fracturing operations. 

halliburton.com n

The U.S. Occupational Safety and Health Admin-

istration’s report on severe injury rates (2015-16) 

suggests that oil and gas operations had 346 severe 

injuries with almost 150 injuries per 100,000 workers. 

Moreover, the U.S. Environmental Protection Agency’s 

2015 report on spillage suggests that 19% of all spillage 

is the fracturing fluid. FTSI keeps HSE at the core of all 

companywide initiatives. In 2018 FTSI introduced the 

National Operations Center (NOC), which monitors 

and assists all field operations and initiatives remotely. 

The NOC utilizes the engine output data stream and 

proprietary engine health algorithms to monitor equip-

ment quality and vibrational analysis tools to predict 

equipment failures and carry out data-driven preventive 

maintenance. This has greatly helped FTSI reduce its 

spillage footprint while improving pumping efficiencies 

by 9% for its customers. ftsi.com n

PROPELLANT-ENHANCED PERF SYSTEM IMPROVES PNP COMPLETIONS

GREENER AND SAFER ENVIRONMENT THROUGH CENTER’S INITIATIVES

SLEEVES OFFER UNLIMITED STAGE COUNTS IN MULTISTAGE FRACTURING 

The enhanced perforating gun combines the use of  

conventional shaped charges and Kraken propellant  

boosters. (Source: Enhanced Energetics)

The Elect frac sleeve embraces digital capabilities and helps 

boost efficiencies. (Source: Halliburton)

Operations technology utilizes real-time analytics to improve 

communications. (Source: FTS International)
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Hexion’s PropShield proppant flowback control 

additive is an economical means of proppant 

flowback control. This liquid flowback control agent is 

applied directly to the blender tub on location and can 

be applied to any type of proppant regardless of mesh 

size. The PropShield additive is delivered directly to the 

well site in Hexion bulk containers. It is effective over a 

wide range of bottomhole temperatures and is compati-

ble with most commonly used fracturing fluid additives. 

Field results in the Permian Basin, Oklahoma and Can-

ada have demonstrated up to 80% reduction in proppant 

flowback compared to offset wells. hexion.com n

FLOWBACK CONTROL ADDITIVE OFFERS UP TO 80% REDUCTION IN PROPPANT FLOWBACK
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Hydraulic fracturing relies on a complex proppant 

supply chain involving many parties and variables. 

The PropDispatch proppant logistics platform improves 

operational efficiencies and reduces costs with real-

time, actionable data. The latest addition to Hi-Crush’s 

PropStream last-mile proppant solution, the software 

enables real-time visibility, automation and data acqui-

sition through a common communications platform to 

ensure all parties have access to the same information for 

timely decision-making. PropDispatch technology also 

automates the process of ordering, dispatching, hauling 

and invoicing truckloads of proppant. The software com-

plements PropStream’s container and silo systems in pro-

viding a flexible, safe and efficient solution for managing 

proppant volumes, frac designs and wellsite footprints. 

The integration of software and purpose-built equipment 

is a major step in the advancement of proppant logistics. 

hicrush.com n

IMPROVING LAST-MILE PROPPANT LOGISTICS EFFICIENCY

PropDispatch enables real-time visibility, automation and data acquisition through a common communications platform.  

(Source: Hi-Crush)

http://HartEnergy.com
https://hexion.com/
https://www.hicrush.com
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National Oilwell Varco (NOV) devel-

oped the new BPS Maxx for use 

in horizontal completions to establish 

interventionless fluid injection at the 

toe, eliminating the need for traditional 

tubing-conveyed perforating guns. BPS 

Maxx has three times more flow area 

than the original BPS, reducing the risk 

of plugging from debris left in the well 

after cementing operations. Recently, a 

major operator in the Anadarko Basin 

needed to maximize contributions from 

reservoir rock, increase efficiency and 

minimize risk during plug-and-perf 

operations. The operator installed three 

BPS Maxx subs with two casing joints 

in between to create the first frac stage 

cluster, eliminating toe initiation and 

pre-prep work. The solution enabled an 

average stimulation rate of 96 bpm at 

max surface treating pressure of 8,800 psi 

and helped the operator get additional 

footage out of the reservoir. nov.com n

ESTABLISH INTERVENTIONLESS FLUID INJECTION AT THE TOE

SHALE TECHNOLOGY SHOWCASE:  

COMPLETIONS

BPS Maxx units can be installed as a single toe port or in multiples to create a full 

stage cluster, as seen in the image. (Source: NOV)

The PowerCell advanced power system addresses 

the HSE, emission, operating cost and footprint 

challenges faced in fracturing operations. Tractors 

are no longer required to start the frac pumps or 

be permanently paired. The system reduces frac 

pump idle time by 85% thus extending the life of 

the pump. Additional benefits include reduced 

fuel usage by 30% to 40% and reduces the NOx 

emissions by 25% and CO emissions by 65%. The 

PowerCell allows true remote starting of frac pumps 

thus eliminating personnel exposure from the red 

zone. Less equipment on site and the elimination of 

tractors greatly reduces the operational footprint, 

typically by 35%. The system also provides primary 

or secondary electrical, hydraulic and pneumatic 

power for ancillary equipment, thus providing 

redundancy for operations. The PowerCell can 

power the data van, light towers, sand handling 

equipment as well as maintenance and operations 

tools all from one system. This technology seam-

lessly integrates with any fracturing spread and 

the return on investment is typically two to three 

months. mgb-oilfield.com n

SYSTEM DELIVERS HYDRAULIC, ELECTRIC AND PNEUMATIC POWER TO FIELDS 

The PowerCell advanced power delivery system provides affordable 

hydraulic, electric and pneumatic power to fields. (Source: MGB 

Oilfield Solutions)

http://HartEnergy.com
http://nov.com
http://mgb-oilfield.com
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OmniTRAX’ Arrows Up last-mile solution helps com-

panies staging sand in anticipation for an increase 

in demand without the capital requirements of building 

a terminal, and the company’s ShaleTECH transport 

offering moves the Arrows Up unitized containers to 

exactly where they are needed when they are needed to 

optimize the extended energy supply chain. Last-mile 

transport of proppant to the wellheads continues to be 

the biggest logistics issue facing most oilfield service and 

E&P companies. This increasingly requires a managed 

logistics solution with scalable operations and flexibility, 

like the Arrows Up and ShaleTECH Transport offerings, 

which reduce nonproductive time and minimize demur-

rage while mitigating silica dust exposure. omnitrax.com n

The number of horizontal wells completed with lateral 

lengths exceeding 3,048 m (10,000 ft) in uncon-

ventional plays across the U.S. has grown significantly. 

While extended-reach laterals provide greater reservoir 

coverage, higher stage counts and, subsequently, higher 

production, it has not come without challenges. One 

particular challenge is the time and cost required to 

efficiently mill out frac plugs from each stage prior to 

production. The latest innovation from Packers Plus 

Energy Services is a suite of frac plugs that improves 

deployment and reduces/eliminates mill-out operations, 

saving time and reducing risk. The suite of offerings 

includes the Lightning Plug, LightningPLUS Composite 

Plug and LightningBOLT Dissolvable Plug. One of the 

early deployments on a well in Texas proved the mill-out 

efficiency of the plugs, as 18 plugs were milled out with 

an average time of 12.67 minutes—and favorably sized 

cuttings seen on surface. Since this line of short-length 

frac plugs was introduced, more than 3,000 have been 

installed. packersplus.com n

Unexpected and 

uncontrolled sand 

production can contribute 

to production downtime, 

environmental issues and 

equipment wear leading to 

catastrophic failure. When 

a supermajor discovered 

quantities of sand being 

produced from its wells, 

it requested Proserv to 

develop a safe system for 

quantifying solids. Effective 

sampling is challenging 

when wells contain high 

gas-oil ratios, H
2
S and slug-

ging issues. It is essential physical properties, including 

density, volume fraction, particle size and morphology, 

are understood to help 

quantify risks. Chemical 

and mineralogical proper-

ties are key to evaluating 

factors including potential 

corrosion. Standardized 

across all assets, Proserv 

supplied its client with an 

enclosed sand filtration 

system that simplified the 

process for sampling oil, 

gas, water and solids simultaneously, while reducing 

HSE risks. proserv.com n

MANAGED LOGISTICS SOLUTIONS REDUCE NONPRODUCTIVE TIME

NEW FRAC PLUGS IMPROVE PLUG-AND-PERF COMPLETION EFFICIENCY

ENCLOSED SOLID FILTRATION SYSTEM SIMPLIFIES SAMPLING 

Packers Plus’ suite of frac plugs reduce mill-out time or eliminate 

it all together in an effort to reduce overall well cost for producers. 

(Source: Packers Plus Energy Services Inc.)

Proserv’s sand sampling trolleys 

represent a portable alternative 

to open receptacle sand  

filtration units. (Source: Proserv)

SHALE TECHNOLOGY SHOWCASE:  
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http://HartEnergy.com
http://omnitrax.com
http://packersplus.com
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The growing problem of well-to-well fracture interac-

tions in North American shale plays dictates the need 

for more accurate inter-lateral spacing measurements. 

Conventional wellbore surveying techniques alone cannot 

guarantee optimal placement due to systematic errors 

that dominate the uncertainty in well trajectory measure-

ments. This uncertainty impedes optimal field stimula-

tion and production modeling as the historical wellbore 

positioning data used in statistical analysis are inaccurate. 

With the present commodity prices, the industry cannot 

afford suboptimal field development caused by inaccu-

rate well placement. The solution to this problem is direct 

well-to-well position measurements using Scientific Drill-

ing International’s Lodestone ranging system. Lodestone 

can identify the cause of interactions between wellbores 

due to proximity, which allows operators to implement 

measures to improve hydrocarbon recovery and mitigate 

financial losses from frac hits. scientificdrilling.com n

The new Seismos-Frac technology is the first plug-

and-play platform for real-time measurements of the 

fracture network during hydraulic fracturing operations. 

The technology, in its simple noninvasive setup that 

includes two sensors attached to the wing valve, delivers 

direct, comprehensive measurements of fracture network 

properties delivered on a stage-to-stage basis enabling 

intelligent completions. Deliverables expand beyond 

geometry (length, width and height) and 

include accurate measurements of net-

work complexity, conductivity and prop-

pant distribution for both the near and 

far field. With results provided within 10 

minutes from the completion of pumping 

of a given stage, operators can review the 

measurements, assess the performance of 

a given stage, use the learnings on succes-

sive stages and decide whether to adopt 

a new completion approach. Testing 

changes in slurry volumes, pump rates, proppant con-

centrations, chemical additives and other completions 

variables become easy when the effect of such decisions 

can be translated into real-time fracture network mea-

surements and evaluated progressively on a state-to-stage 

basis. Potential interference between wells and frac hits 

can be avoided with real-time understanding of frac 

height and length. seismos.com n

PRECISE INTER-LATERAL SPACING MEASUREMENTS 

COMPLETION EVALUATION TOOL PROVIDES FRACTURE PROPERTIES 

Improved confidence of wellbore proximity is achieved using the Lodestone ranging system. (Source: Scientific Drilling International)

Real-time measurements (left) visualized in the frac van become available to E&P 

companies and frac engineers. The Seismos sensor is shown on the right.  

(Source: Seismos) 
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http://HartEnergy.com
http://scientificdrilling.com
http://seismos.com
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SNF has released its Powder- 

Frac X Gen II mobile hydra-

tion system that uses a fast-hy-

drating powder friction reducer 

(FR) for rapid application in 

slickwater fracturing. Dosage 

rates range from 0.25 to 6 gpt 

liquid emulsion FR equivalent 

at frac rates of 100 bbl/min. 

Dosing is automated, thus pro-

viding data in real time. Studies 

confirm 25% dosage reductions 

of FR while lowering pressure an 

average of 1,000 psi versus emul-

sion FR. The system also creates 

high-viscosity dosage levels for 

proppant transport, eliminating 

the need for linear gel. Another 

study documents transport of 

sand at 5.5 ppa with FR dosages 

as low as 5 lb/1,000 gal. Finally, 

dry FR usage reduces transport 

costs and emissions by elimi-

nating carrier fluid volumes 

required with emulsions and 

slurries. snf.us n

MOBILE HYDRATION UNIT FOR DRY FRICTION REDUCTION

SNF’s PowderFrac X Gen II mobile polymer dosing unit is used for slickwater fracturing. (Source: SNF)

SHALE TECHNOLOGY SHOWCASE:  
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Convoy PPS from Solvay is a new technology that offers 

proppant carrying capability with minimal fluid vis-

cosity. The fluid was developed by innovating synthetic 

polymer chemistry to deliver much higher proppant inten-

sity per well, while deploying an equal or lesser amount 

of water and chemicals and enhanced pump-ability to 

enable a more efficient operation. Convoy PPS’s ability 

to deliver ideal proppant distribution across the entire 

fracture without any settling or dune formation translates 

high proppant intensity into the maximum propped sur-

face area, greatly enhancing fracture efficiency. All of this 

is achieved with a single additive system that is handled 

like a conventional friction reducer and easily broken with 

conventional breakers. solvay.com n

PPS DELIVERS PROPPANT ACROSS ENTIRE FRACTURE

Convoy PPS’ sand suspension prevents dune formation and delivers proppant across the whole fracture. (Source: Solvay)

HVFR struggles to suspend proppant, causing dune  
formation and inefficient proppant placement.

Convoy PPS minimizes settling and dune formation to more 
efficiently cover the fracture.

Slot Cell Comparisons
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Since the launch of the all-composite 

Minima frac plug portfolio in the 

second quarter of 2018, Weatherford 

has successfully completed more than 

15,000 plug installations while earning 

a 99.6% success rate. The Minima com-

posite frac plug has a unique design 

combining a short and reliable plug 

with an unparalleled mill-up time. The 

compact design results in reduced 

debris in the wellbore, enabling oper-

ators to clean up more efficiently and 

bring their wells to production more 

quickly than with competing options. 

Consistent and predictable cleanout 

results are achieved, even proven, on 

wellbores with the demanding condi-

tions of more than 80 plugs and lateral 

lengths exceeding 3 km (2 miles). 

weatherford.com n

COMPOSITE FRAC PLUG HELPS MINIMIZE DOWNTIME

SHALE TECHNOLOGY SHOWCASE:  

COMPLETIONS

Weatherford’s Minima frac plug mills up in 5 minutes or less and also minimizes 

material in the wellbore. (Source: Weatherford)

Tendeka’s MajiFrac is a new suite of 

applications that aims to reduce water 

use and pumping time during completion 

operations while maintaining effective frac-

turing efficacy. The bespoke sequentially 

deployed offering combines the following 

environmentally responsible technologies: 

the company’s acid-resistant FracRight Com-

posite Plug; the HCR-7000-WL, a wireline 

compatible modified spearhead acid; and 

one of Tendeka’s MajiFrac family of high- 

viscosity friction reducers with proppant 

transport and suspension in a wide range of 

environments from freshwater to 100% pro-

duced water (ultralow loadings required for 

friction reduction result in minimal polymer 

residue left behind in the formation). In one 

example, MajiFrac delivered savings of up to 

50,000 bbl of water and reduced pump oper-

ating times by 200 hours. tendeka.com n

SOLVING WATER CHALLENGES ASSOCIATED WITH FRACTURING

MajiFrac is a new suite of bespoke, sequentially 

deployed, environmentally responsible  

technologies to reduce water use and pumping 

time during completion operations.  

(Source: Tendeka)

MajiFrac-HVFR-5SA 
[4gpt+2ppa] @90bpm

MajiFrac- 
HVFR-5SA 

[.25 - 0.5gpt+ 
0.5ppa] @90bpm

Aculon 
Shale  

Modifier  
@90bpm HCR-7000 WL

FracRight 
Composite 
Plug (Pump 
down ring)

http://HartEnergy.com
http://weatherford.com
https://tendeka.com/
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Weir Oil & Gas recently released its updated, field-

proven Unitized lock-ring (ULR) wellhead. The 

new ULR wellhead features a standardized design for 

shale plays in the U.S. that accommodates 95% of casing 

configurations in either 11-in. or 135⁄8-in. nominal sizes. 

Its standardized casinghead housing increases flexibility 

and speed. The ULR wellhead enables connections in 

15 minutes or less while enhancing safety. Optional 

four-string capabilities offer operators greater adaptabil-

ity to increasing well depths and lateral lengths. 

Upgraded sealing allows better chemical compatibility 

and operational reliability while robust inward-biased 

lock rings reduce leak paths. global.weir  

LOCK-RING WELLHEAD ENHANCES SAFETY

SHALE TECHNOLOGY SHOWCASE:  

COMPLETIONS

Weir's updated ULR wellhead features a standardized design 

for shale plays in the U.S. that accommodates 95% of  

casing configurations in either 11-in. or 135⁄8-in. nominal sizes. 

(Source: Weir Oil & Gas)  

http://HartEnergy.com
http://adstrategiesconference.com
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PRODUCTION

Compiled by Ariana Hurtado, 

Associate Managing Editor

A rtifi cial lift, well intervention, fl ow assurance, pro-

duction chemicals and emissions management are 

a few of the critical steps and technologies needed for 

an effective and thriving operation. 

“Operators currently are able to drill and complete 

much faster and at lower costs today versus a decade 

ago,” Herman Artinian, president and CEO of Upwing 

Energy, told E&P. “The next natural phase for the 

industry is to monetize by increasing production from 

existing assets and increasing recoverability through 

new production technologies.” 

The tools and systems featured in E&P’s “Shale 

Technology Showcase” represent some of the latest 

efforts companies have made to increase production 

through more effi cient processes, deeper wells and lon-

ger laterals. The following is a sampling of those new 

production technologies, and the next section dives 

into water management. n

EditorÕs note: The copy herein is contributed from service 

companies and does not refl ect the opinions of Hart Energy.

Optimizing production  
New technologies are fueling production growth.

A wide range of oil and gas production equipment and 

services are offered to upstream operators looking to 

increase effi ciencies. (Source: huyangshu/Shutterstock.com)

http://HartEnergy.com
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Today’s rod lift systems are facing chal-

lenges related to excessive wear that 

interrupt production and increase artificial 

lift costs. Reoccurring failures in a sucker rod 

pumped well occur in areas of the rodstring 

where contact between the sucker rod con-

nection and the tubing is becoming 

uneven on the side loads. 

Apergy developed the new 

Norris Sure-Spin HTSG  

rod rotator, which is designed to mitigate rod, tubing 

and coupling, and guide wear, thus reducing costly 

well intervention. 

Engineered for uniform, circumferential guide and 

coupling, and wear, the Sure-Spin rod rotator can 

overcome five times the torsional drag offered by com-

petitors. The polished rod clamp lock-in inset system 

of the Norris Sure-Spin rod rotator effectively drives 

the rotation of the rodstring for the most challenging 

unconventional wells. apergy.com n

A new integrated workflow was utilized on an explor-

atory Permian Basin well that tracked DNA markers 

within produced fluids and compared them to a well cut-

tings-derived DNA baseline. This process generated a 4-D 

estimate of fracture drainage height. Integrating drain-

age height with decline curves over time provided insight 

into production performance. Production rates initially 

matched an expected reservoir model decline curve with 

contribution from four intervals. As production declined 

below expected rates, the fracture drainage heights indi-

cated reduction of contributory zones from four to two. 

Continued faster than expected decline lined up with a 

further reduction to a single interval. Thus, the integra-

tion of a DNA derived fracture drainage height to pro-

duction decline analysis enabled novel insights into the 

cause of decline beyond expected type curves. biota.com n

NEW ROD ROTATOR INCREASES RUN TIME, PROFITABILITY 

OBTAIN INSIGHT INTO PRODUCTION PERFORMANCE 

The Norris Sure-Spin rod rotator is designed for all deviated applications, and it can be retrofitted 

for a wireless sensor monitored from Apergy’s XSPOC. (Source: Apergy)

(Source: Biota)

4-D DRAINAGE HEIGHT WITH OIL RATE

http://HartEnergy.com
https://apergy.com/
http://biota.com
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In unconventional well applications, electric submers-

ible pumps (ESPs) experience harsh and abrasive well 

conditions. Rapid decline rates, increasing gas volumes 

and unstable flow, which are typical in unconventional 

wells, can result in an ESP frequently operating in down-

thrust conditions. The Borets Packet Pump is better able 

to withstand prolonged downthrust through innovation 

in its design, which ultimately results in reduced wear 

and longer pump runlife. Using the same packet technol-

ogy in the Vapro Gas Handler, Borets Packet and Vapro 

Pumps have been installed in more than 1,200 wells 

worldwide since 2014, including more than 180 wells in 

the Permian Basin. Some of these systems continue to 

operate in excess of 800 days run time. borets.com  n

EDGE uses Cryobox technology to convert otherwise 

wasted gas to LNG at source before distributing it 

to the market via its virtual pipeline logistics solution. 

With all equipment delivered by truck, setup within 

hours and little or no capex from asset-owners required, 

EDGE monetizes assets that would otherwise be stranded 

or flared. It is estimated that stranded wells account for 

up to 60% of global reserves, indicating the scale of this 

untapped resource. EDGE combines Cryobox technol-

ogy with its Connected Gas logistics solution to create the 

virtual pipeline, producing up to 10,000 gal/d of LNG. 

EDGE operates from even the most remote locations 

while the process helps reduce the environmental impact 

of gas flaring along the way. edgelng.com n

Some producers avoid monitoring wellheads, tank 

farms, pipelines and other remote assets with conven-

tional toxic gas detection systems due to high wiring 

costs and other logistical concerns. As a result, 

they often rely on portable gas monitoring devices 

with no early-warning capability, or worse, opt not 

to monitor sensitive areas at all. Emerson’s Rose-

mount 928 wireless gas monitor taps the power of 

WirelessHART to simplify integration, reduce instal-

lation costs and ensure safety in these hard-to-reach 

areas. The 928 now features a swappable power 

module and sensor, which can detect carbon mon-

oxide and oxygen as well as H
2
S, broadening safety 

system effectiveness and enhancing operational 

safety where it is needed most. emerson.com n

To enhance production rates for E&P companies using 

rod lift systems on high-volume wells, Endurance Lift 

Solutions has released the Series 300 High Flow fiberglass 

sucker rod. The high-flow end fittings reduce the pressure 

drop across each connec-

tion while increasing pro-

duction flow area by more 

than 40%. By reducing the 

flow restrictions, average 

fluid velocity across the 

coupling connection is 

reduced by about 31%, 

leading to enhanced resis-

tance to corrosion, erosion 

and paraffin buildup. This 

paradigm also reduces 

connection-on-tubing wear and compression failures. 

Finally, with the increased flow area, operators can substitute 

Series 300 High Flow fiberglass sucker rods for lower volume 

electric submersible pumps. endurancelift.com n

PUMP CAN WITHSTAND PROLONGED DOWNTHRUST

MONETIZE ASSETS THAT WOULD OTHERWISE BE STRANDED OR FLARED 

WIRELESS SENSING EXTENDS TOXIC GAS COVERAGE 

SUCKER ROD REDUCES PRESSURE DROP ACROSS EACH CONNECTION

The Rosemount 928 wireless gas monitor taps the  

power of WirelessHART to simplify integration, reduce  

installation costs and ensure safety in difficult-to-reach 

areas. (Source: Emerson)

The high-flow fiberglass sucker rod end fittings are designed to increase production.  

(Source: Endurance Lift Solutions)

http://HartEnergy.com
http://borets.com
https://edgelng.com/
https://www.emerson.com/
https://endurancelift.com/
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FTSI’s NuFlo X is a nonpolylactic 

acid (PLA)-based copolymer that 

allows superior diversion through 

shear thickening and particle distri-

bution size. Temporary, polymeric- 

based diverters such as PLA are well-

known in completions. However, 

these products rely on high tempera-

tures and water to hydrolyze. When 

formation temperatures are not 

sufficiently high enough, these types 

of diverters either partially hydrolyze 

or not at all, thus fouling production 

equipment or remaining perma-

nently on the formation face. NuFlo 

X completely dissolves in tempera-

tures as low as 43 C (110 F) and has 

been used in reservoirs up to 107 C 

(225 F). This water-soluble diverter 

is a nontoxic product that will not 

resolidify during well cleanout nor 

will it agglomerate at high surface 

temperatures. ftsi.com n

NEW CHEMISTRY FOR DIVERTING AGENTS IN LOW TEMPERATURES 

The FTSI Nu-Flo system is a suite of degradable diverting agents.  

(Source: FTS International)

Managing produced sand has become 

a major focus in the unconventional 

market. Using ultrasonic sensors, Greene’s 

has invested significant resources to evalu-

ate sand separating effectiveness of a num-

ber of separator technologies. Greene’s 

has used this knowledge to invest in the 

best in-sand separator technology and assist 

its customers to better manage sand. Cost 

benefits of sand monitoring are realized 

by significantly reducing the potential 

for sand bypass but also enables better 

equipment and personnel efficiency. Sand 

monitoring also lowers customers’ overall 

costs by allowing customers to go man-less 

on sites using a combination of sand moni-

tors and roaming field personnel to dump 

separators. Sand monitoring equipment 

detects slugs of sand and alerts personnel. 

Rapid response to sand events ensures sand 

management equipment operates at peak 

efficiency, reducing the amount of sand that bypasses 

equipment and mitigates the potential for damage or 

cleanup requirements to permanent equipment and pro-

duction losses. greenesenergy.com n

SAND MANAGEMENT SYSTEMS PROVIDE COST BENEFITS

Greene’s Energy Group provides an array of sand separator spreads and  

monitoring solutions. (Source: Greene’s Energy Group)

http://HartEnergy.com
http://ftsi.com
http://greenesenergy.com
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ValidTorque certification is a testing process that MRC 

Global developed for automated valves bound for 

critical or safety-related service. The new automated valve 

test equipment and verification process establishes the 

true, as-delivered safety factor for new automated valves 

and establishes a benchmark or set of baseline operating 

characteristics to compare changes in performance as the 

automated valve ages. ValidTorque verifies the entire auto-

mated valve assembly before delivery; quantifies the as-built 

safety factor; provides a technical basis and acceptance 

criteria for in-service testing; and makes the complete auto-

mated valve “digital ready.” As a result, ValidTorque pro-

vides lower overall cost associated with valve maintenance 

and testing, higher proof test coverage, lower probability of 

failure on demand and confidence in the safety system per-

formance associated with automated valves. mrcglobal.com n

A fter decades where operators adhered to brack-

eted equidistance spacing between valves in gas 

lift systems, new data resources are leading to greater 

production and a more cost-effective design. Data 

from flowing bottomhole pressure surveys reveal that 

valve spacing is critical, and at times there is communi-

cation between tubing and casing where none should 

exist. To address these and other issues, Production 

Lift’s engineers developed the GLR (gas-liquid ratio) 

Based High Rate Gas Lift Method. Field trials show 

this method produces wells at higher rates than tradi-

tional equidistance bracketed designs and will transi-

tion from top to bottom easier, with fewer valves. This 

boosts production while reducing installation costs. 

Rates of 2,500 bbl/d in 27⁄8-in. tubing are easily attain-

able, with rates up to 3,000 bbl/d recorded. In the 

right circumstances, even higher production rates are 

possible. productionlift.com n

When a remote well experiences 

a shutdown, the consequential 

downtime can hit production revenues, 

as maintenance work might require 

significant time to complete. Proserv’s 

Smart Box is a real-time monitoring 

system for evaluating inaccessible wells. 

It works by collecting information from 

production equipment at the site and 

transmitting regular alerts to personnel 

straight to mobile devices via SMS. The firm has recently 

completed a successful six-month trial involving remote, 

desert wells for a national oil company 

in the Middle East. Wells with frequent 

shutdowns were specifically selected 

for the trial. Health status messages 

received twice daily reduced the need 

for physical inspections, while the shut-

down alerts enabled the operator to respond rapidly to 

potential issues. proserv.com n

CERTIFICATION ESTABLISHES BENCHMARK FOR AUTOMATED VALVES 

GLR-BASED GAS LIFT BOOSTS PRODUCTION, CUTS INSTALLATION COSTS

REAL-TIME WELL MONITORING PREVENTS COSTLY DOWNTIME

MRC Global’s new ValidTorque certification for automated valves can provide an accurate baseline measurement against which end 

users can measure performance with real-time valve monitoring, such as ValveWatch, and then proactively plan maintenance before 

safety-critical valves degrade to the point of failure. (Source: MRC Global)

Proserv’s Smart Box is an automated solution 

that provides real-time fault identification for 

operators. (Source: Proserv)

http://HartEnergy.com
https://www.mrcglobal.com/
http://productionlift.com
https://proserv.com/


79HartEnergy.com  |  E&P  |  July 2019

SHALE TECHNOLOGY SHOWCASE:  

PRODUCTION

In an effort to cut costs and increase efficiencies, oil 

and gas producers are transitioning from single-well 

pad fields to multiwell pad sites. These more complex 

operations have greater data and control requirements, 

making measurement more difficult and creating more 

capital spend for producers. The In-Chassis Oil and Gas 

Flow Computer was developed by ProSoft Technology to 

reduce the cost and complexity of well pad automation 

systems. The solution seamlessly integrates with Rockwell 

Automation Logix controllers to help oil and gas pro-

ducers avoid the obstacles of traditional remote terminal 

unit sites and lower costs, even with a higher well count. 

Utilizing this flow computer allows producers to have 

one architecture for control and measurement, helping 

reduce hardware, software and licensing costs, optimize 

operations and simplify deployment and scalability. 

Additionally, it utilizes a single high-speed connection to 

SCADA systems, improving data integrity and data accu-

racy. rockwellautomation.com, prosoft-technology.com n

Sercel-GRC’s Spy Pro is the only electric submersible 

pump (ESP) gauge available with a 

waterproof, metal-to-metal welded 

seal design. It is being successfully 

deployed in unconventional shale 

oil wells where the proprietary 

technology enables operators to 

continue monitoring well perfor-

mance, even when the motor con-

nection is completely submerged 

in water. The Spy Pro Vibration Z channel provides 

important data on the behavior of the frequent slug-

ging effects of the long laterals, while 

the Spy Pro WYE point channel provides 

critical data in regard to the electrical behav-

ior and runlife of the ESP systems. Designed to be 

compatible with any ESP motor, the Spy Pro family 

includes multiple configuration options, including 

corrosion-resistant metallurgy, various motor adapters 

and discharge pressure measurement. sercel-grc.com n

Silverwell’s new 27⁄8-in. version of its Digital Intel-

ligent Artificial Lift (DIAL) gas-lift production 

optimization system repackages the proven Binary 

Actuation Technology (BAT) platform in a config-

uration suited to U.S. shale wells. When com-

bined with the DIAL surface control system, 

it enables adjustment of gas-lift rate and 

depth without intervention. The first 

27⁄8-in. system was successfully run 

and commissioned in the U.S. 

Permian earlier this year. With 

the increasing adoption of gas lift in U.S. shale plays, 

production engineers are focusing on continuous 

gas-lift well optimization to deliver an estimated 10% 

to 20% uplift in production. Optimizing gas-lift systems 

with existing technology is typically time-consuming, 

costly and risky. Silverwell overcomes these limitations 

with a digital in-well, integrated and interventionless 

gas-lift system. silverwellenergy.com n

SINGLE SYSTEM FOR MEASUREMENT AND CONTROL

ESP FEATURES WATERPROOF, METAL-TO-METAL WELDED SEAL DESIGN 

SYSTEM ADJUSTS GAS-LIFT RATE AND DEPTH WITHOUT INTERVENTION 

Moving to a single system allows enhanced data integrity, improved 

scalability and reduced installation times and costs.  

(Source: Rockwell Automation and ProSoft Technology)

Silverwell’s 27⁄8-in. DIAL unit is the in-well 

component of the company’s gas-lift  

production optimization system.  

(Source: Silverwell)

Sercel-GRC boasts that its Spy Pro is the  

world’s first waterproof ESP gauge.  

(Source: Sercel-GRC)

http://HartEnergy.com
http://rockwellautomation.com
http://prosoft-technology.com
http://sercel-grc.com
http://silverwellenergy.com
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SHALE TECHNOLOGY SHOWCASE:  

PRODUCTION

For decades programmable logic computers (PLCs) 

were the backbone of automation. Today’s oil and 

gas industry, however, must manage vastly more data than 

PLCs were made for. SitePro has developed an industrial 

PC (IPC)-based system with greater power to collect and 

process today’s massive data flows. For example, PLCs store 

little data and can make few decisions without constant 

connection to computing power on the web. IPCs can be 

programmed to track changes in pressure, volume or other 

variables and reset or shut off pumps and valves as required, 

a significant benefit for remote locations with unreliable 

connections. IPCs can alert producers to preventive main-

tenance needs by tracking changes that typically presage a 

failure, preventing lost production due to downtime. IPCs 

also save a significant number of man-hours by accepting 

remote updates to the OS and algorithms that control the 

automation, which eliminates the costly site visits required 

by PLCs. sitepro.com  n

Tendeka has developed FloFuse STIM, 

a fusion of injection rate governing 

technology and smart modified acid 

formulations to ensure effective matrix 

stimulation through proportional fluid 

distribution of acid along the entire wellbore. 

The biased open valve is mounted into the base pipe and 

closes when the injection reaches a predetermined rate. 

This prevents a disproportionate amount of acid being 

displaced into one zone. The acid is then diverted to the 

next zone and the process is repeated, resulting in uniform 

distribution throughout the wellbore. The use of smart 

modified acid improves wormhole penetration length and 

mitigates reprecipitating calcium carbonate post dissolu-

tion. This technique is particularly beneficial in carbonate 

formations with long laterals where efficient matrix acidiza-

tion is challenging. tendeka.com  n

Traditional data analysis techniques, such as rate 

transient analysis and decline analysis, have shown 

to be less than ideal for shale. Contextual time-series 

production data and well properties can help address 

these issues. TrendMiner’s ContextHub can be used by 

the subject matter expert to wade through important 

meta information, such as reservoir, completion, frac job, 

placement and stacking, in a matter of seconds. From 

there, trend analyses can be done 

to identify significant patterns or 

track well productivity. Deviations 

from the norm are easily visualized 

using TrendMiner’s DashHub, 

providing the operators with a sin-

gle, consistent view on operations. 

TrendMiner can integrate context 

data with the available time-series 

resources and present the subject 

matter expert with an intuitive 

analysis workflow to get to results 

instantly. trendminer.com  n

Tendeka’s FloFuse STIM, a fusion of injection rate 

governing technology and smart modified acid 

formulations, is particularly beneficial in  

carbonate formations with long laterals where 

efficient matrix acidization is challenging. 

(Source: Tendeka)

TrendMiner provides visualization of 

time-series data for optimum oil and 

gas plant processing conditions. 

(Source: TrendMiner)

IPC AUTOMATION COLLECTS AND PROCESSES MASSIVE DATA FLOWS

ACID TREATMENT IN CARBONATE FORMATIONS IMPROVES INJECTIVITY 

INTUITIVE ANALYSIS WORKFLOW PRESENTS RESULTS INSTANTLY 

http://HartEnergy.com
http://sitepro.com
https://tendeka.com/
https://www.trendminer.com/
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SHALE TECHNOLOGY SHOWCASE:  

PRODUCTION

In unconventional shale gas wells, liquid loading 

can dramatically reduce production and lead to 

premature abandonment. Existing artificial lift 

systems cannot remove liquids completely in both 

the vertical and horizontal sections of the well. 

Upwing Energy’s new Subsurface Compressor Sys-

tem (SCS) lowers the bottomhole well pressure, 

increasing the velocity of the gas stream and 

removing liquids from the vertical and horizontal 

sections of the well. The lower suction pressure at 

the intake of the SCS also overcomes the capillary 

effects to remove blockages of condensate within 

the formation to produce more gas and conden-

sates. The Upwing SCS is designed with hermeti-

cally sealed magnetic technologies for reliable 

and effective operation in the harsh under-

ground environment with no motor protector 

needed. upwingenergy.com 

Upwing Energy’s SCS uses advanced magnetic technologies for reliable 

performance in the downhole environment. (Source: Upwing Energy)

SOLVING THE CHALLENGES OF LIQUID LOADING IN SHALE GAS WELLS

http://HartEnergy.com
http://upwingenergy.com
http://hartenergy.com


SHALE TECHNOLOGY SHOWCASE: 

WATER MANAGEMENT

Compiled by Ariana Hurtado, 

Associate Managing Editor

Operators can be faced with a variety of water 

challenges, such as reducing and recycling 

produced water, minimizing freshwater use, reducing 

unwanted water production, treating produced 

water, and finding and transporting water for dis-

posal and reuse. 

“The ability to reduce and recycle produced water 

and minimize freshwater use can improve operator 

profi tability and contribute to water conservation,” 

Halliburton stated on its website. “Globally, oil wells 

produce about 220 million BWPD [barrels of water per 

day]—roughly three barrels of water for every barrel of 

oil. In older fi elds, the water cut, or ratio of water-to-oil, 

can be 95% or higher. Managing this produced water is 

a great challenge for operators.”

The goal remains to optimize the use of natural 

resources, minimize waste and use water effi ciently.

“Water is both a waste and a valuable commodity that 

is critical to all human activities,” Mark Wolf, director of 

onshore facilities at National Oilwell Varco, told E&P. 

“The future for water management in oil and gas will be 

fi nding ways to economically recycle water from waste 

back to something useful.”

The following is a sampling of some of the new tech-

nologies and products available for companies in the 

water management space. n

EditorÕs note: The copy herein is contributed from service 

companies and does not refl ect the opinions of Hart Energy.

Upstream water management 
continues to evolve 

More affordable and effective solutions are being developed 

for water management processes. 

The water management market for upstream oil and gas 

operations in the U.S. was worth an estimated $33.6 billion in 

2018 and projected to grow at a 3.9% compound average growth 

rate through 2023, according to IHS’ December 2018 “WaterIQ” 

report. (Source: somsak nitimongkolchai/Shutterstock.com) 
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SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

Three to seven barrels of water are produced for each 

barrel of oil in unconventional oil and gas assets. 

As a result, water management in the oil and gas indus-

try is a significant expense and serious environmental 

concern. Recycling produced water for use as frac fluid 

reduces freshwater aquifer drawdown and lowers oper-

ator costs. With the most productive wells often tens of 

miles from infrastructure, onsite mobile services give 

operators the security of knowing that a total solution is 

available anywhere they need it. As a field-ready onsite 

sodium hypochlorite generation system, the De Nora 

Neptune mobile treatment unit produces oxidant or bio-

cide at the lowest cost, without using or producing haz-

ardous chemicals. This gives operators a completely safe 

solution for frac water disinfection and produced water 

recycling. denora.com n

Exterran Water Solution’s new Separon multiphase 

wellhead and wellstream desanders are economic, 

highly efficient alternatives for high-pressure environ-

ments. The technology is a complete solution that is 

compact, lightweight and meets all standards up to 

20,000 psi, removing solids from wellhead and well-

stream applications at a lower cost than other products 

and made for multiphase and gas applications. Exterran 

provides a full range of treatment solutions for removing 

oil and suspended solids from produced water with pri-

mary, secondary and tertiary treatment. Exterran designs, 

builds and commissions systems that quickly, efficiently 

and cost-effectively treat produced water ranging in vol-

umes from 100 to more than 1 MMbbl/d of water for oil 

and gas production facilities and has treated more than 5 

Bbbl to date. exterran.com/solutions/watersolutions n

Fountain Quail Water 

Management’s genesis 

of SCOUT grew out of col-

laboration with the indus-

try. E&P operators were 

asking for a call-out type 

service and a reliable sys-

tem that generates clean 

brine from flowback water 

with minimal setup time 

and labor. SCOUT offers a 

minimum 10,000 bbl/d of 

water clean brine capacity. 

The self-contained mobile 

system can be hooked 

up in hours and offers 

proven performance in 

demanding environments. 

Developed jointly with Fil-

tra-Systems, each SCOUT 

only requires 480 V power 

and three connections: 

Feed IN, Treated OUT 

and Backwash. The back-

wash volume is typically 

less than 1% of feed.  

fountainquail.com n

ADDRESSING SHALE WATER MANAGEMENT CHALLENGES

MULTIPHASE WELLHEAD AND WELLSTREAM DESANDERS 

SELF-CONTAINED MOBILE WATER TREATMENT PLATFORM 

One of the 14 mobile SCOUT units operated in the Permian Basin in May. (Source: Fountain Quail  

Water Management)

http://HartEnergy.com
http://denora.com
http://exterran.com/solutions/watersolutions
https://fountainquail.com/
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K aizen Fluid Systems has announced the newest 

innovation to its proprietary technology in treating 

high total dissolved solids and chlorides found in pro-

duced and flowback water. The technology is designed 

to increase revenue streams to the operator’s income 

by extracting the valuable minerals and metals found 

in produced water. Kaizen has consistently extracted 

valuable commercial grade metals and minerals, such 

as vanadium, lithium and cobalt, which has proven 

more valuable than oil or gas. It is important that the 

produced water is cleaned to potable standards to 

extract a commercial grade product. If the produced 

water is not cleaned to potable standards, all contami-

nants entrained in the water will be trapped within the 

minerals or metals reducing the value significantly.  

kaizenfluidsystems.com n

EXTRACTING VALUABLE MINERALS, METALS FROM PRODUCED WATER 

SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

Hydrozonix has released its HYDRO
3
CIDE, a fully 

automated oxidation system for the treatment and 

reuse of produced water. This system generates ozone 

on demand, significantly reducing the cost of recycling 

produced water as a completion fluid. Produced water 

is typically managed in disposal/injection wells, which 

has been the lowest cost option. Induced seismicity con-

cerns have the potential to significantly restrict permitted 

capacity of disposal/injection wells, leaving recycling 

as a viable alternative. Oxidation of produced water for 

bacteria, iron and sulfide control is a critically important 

step in the recycling process and has been primarily com-

pleted using a liquid chemical oxidizer. HYDRO
3
CIDE 

reduces the cost of oxidation by up to 90% finally allow-

ing recycling to become the lowest cost option for the 

management of produced water. hydrozonix.com n

OXIDATION SYSTEM FOR PRODUCED WATER TREATMENT/REUSE 

The HYDRO
3
CIDE automated oxidation system is shown at a produced water recycle facility. (Source: Hydrozonix)

http://HartEnergy.com
http://kaizenfluidsystems.com
https://hydrozonix.com/


85HartEnergy.com  |  E&P  |  July 2019

Water logistics dispatchers are challenged with 

finding available drivers with the right certi-

fications in the best possible locations for each job. 

LiquidFrameworks’ recently redesigned FX Schedule 

& Dispatch module has streamlined the dispatcher’s 

job for service companies in the water management 

space by updating, storing and managing all of the 

pertinent job, personnel and equipment information 

in one convenient place. Dashboards can be custom-

ized with dynamic drag-and-drop functionality, and 

personnel can be sorted by role, schedule and qualifi-

cations. liquidframeworks.com n

Monarch Separators’ H
2
O Floc green floccu-

lant is used to reduce the environmental 

impact of oil and gas operations through cost- 

effective produced and flowback water recycling 

while also improving oil recovery. The green algi-

nate flocculant’s primary treatment objectives are 

removal of oil, grease and total suspended solids 

and when used in conjunction with an oxidant, 

metals, H
2
S and bacteria. Through multiple pilot 

scale produced and flowback water treatment 

tests in the Permian, Denver-Julesburg and Pow-

der River basins, H
2
O Floc chemistry was able to 

reduce turbidities from greater than 650 neph-

elometric turbidity units (NTU) to 1 NTU, oil 

removal to less than 2 mg/L, and iron and manga-

nese to less than 1 mg/L, while being dosed at a 

much lower rate than current market flocculants. 

monarchseparators.com n

MODULE STREAMLINES JOB MANAGEMENT PROCESS 

GREEN FLOCCULANT USED FOR COST-EFFECTIVE WATER RECYCLING

SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

FX Schedule & Dispatch keeps companies informed of all job-related data and gives users the ability to track all of their  

resources, including personnel, equipment and materials, so they’ll never dispatch duplicate jobs or unavailable equipment.  

(Source: LiquidFrameworks)

This blended produced and flowback water comparison shows water 

before (far left) and after treatments (middle and far right) with Monarch 

Separators’ H
2
O Floc and filtration. (Source: Monarch Separators)

http://HartEnergy.com
http://liquidframeworks.com
https://waterstandard.com/produced-water-treatment/
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Orion Water Solutions has released its new, dou-

ble-capacity dissolved air floatation (DAF) unit, 

which is designed to treat large quantities of pro-

duced water for fracturing use in shale plays. Orion’s 

DAF, including its operating system, was designed 

from the ground up specifically to treat produced 

water for fracturing. This separates it from most cur-

rently available DAFs built for other industries. The 

DAF solves the bacteria issue for operators storing 

produced water in ponds. By removing iron and total 

suspended solids, it leaves water without the food 

that airborne bacteria need to survive, keeping ponds 

fresh longer and saving on chemical cost. Its capacity 

of 40,000 bbl/d and 12,000 gpm enables operators to 

treat on the fly in support of fracturing operations. 

orionwatersolutions.com n

DISSOLVED AIR FLOATATION UNIT TREATS 40,000 BBL/D PRODUCED WATER

National Oilwell Varco (NOV) has released a new 

Oil-in-Water Monitoring Service, which offers oil 

producers and saltwater disposal operators a simple and 

more effective way to see the oil removal performance 

of their water handling systems. An online monitoring 

device linked to NOV’s GoConnect digital platform 

provides continuous, real-time oil-in-water concentra-

tion data and trending analyses. NOV’s comprehen-

sive remote monitoring service eliminates the need to 

purchase costly, sophisticated equipment or perform 

time-consuming maintenance and calibration steps. 

Placing this valuable information at the user’s fingertips 

enables operators to better evaluate and understand 

facility process performance, resulting in increased oil 

recovery, improved profitability and prevention of injec-

tion well damage. nov.com n

A SIMPLE WAY TO SEE OIL REMOVAL PERFORMANCE OF WATER HANDLING SYSTEMS 

SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

Orion Water Solutions’ 40,000-bbl/d DAF units provide on-the-fly treatment for fracturing jobs using produced water. (Source: Orion 

Water Solutions)

http://HartEnergy.com
http://orionwatersolutions.com
http://nov.com
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From an operations and accounting standpoint, 

managing source water required for shale play 

fracturing and drilling jobs can be a juggling act. 

Upstream operators have to keep track of source 

water well ownership and volumes, monitor water 

pit levels, track movement to jobs and on a monthly 

basis account for what they owe their water provid-

ers. A new offering from P2 Energy Solutions eases 

the burdens of managing complex midstream water 

systems. P2 Source Water Management eliminates 

spreadsheets, allowing companies to accurately track 

and manage pit water available for jobs and invoice 

providers and, in so doing, reduce overpayments or 

underpayments. p2energysolutions.com n

The Sourcewater.com oilfield water intelligence platform 

helps companies find water-related business oppor-

tunities and see oilfield water and disposal prices, utiliza-

tions and market trends ahead of their competition. 

Sourcewater gathers, analyzes and maps water, dis-

posal, oil and gas permits, capacity, production and 

pricing data from its exclusive water and disposal mar-

ketplace as well as from Sourcewater’s satellite imagery 

analytics, government records and from continuous 

market research to show users where every barrel of 

water is located and where it comes from and goes in 

Texas, New Mexico, North Dakota and Pennsylvania. 

The new dirt work detection technology scans weekly 

satellite imagery of the Permian Basin to predict drill-

ing permit and rig activity six months ahead of permit 

filings. sourcewater.com  n

Shale operations are dealing with higher water man-

agement costs and more environmental and opera-

tional risks than ever before, both of which are becoming 

an increasingly larger part of operators’ costs. Sourcing 

freshwater and increasing volumes of sand flowback 

and produced water, which are often trucked out and 

disposed, are the primary cause. Addressing these chal-

lenges in an environmentally responsible way frequently 

requires adding more services and personnel at each site. 

TETRA Technologies’ water management solution deliv-

ers innovative and differentiating offerings for produced 

water transfer, de-sanding and on-the-fly water treatment 

and recycling. By integrating and automating the compa-

ny’s offerings, efficiency is maximized through job plan-

ning and crew optimization, helping reduce manpower 

for a typical fully integrated completion operation by 

more than 30%. The step change in efficiency is deliv-

ered through fully automated technology that provides 

greater transparency and quality control throughout the 

transfer, flowback and recycling of produced water, all 

while simultaneously improving environmental consider-

ations. tetratec.com n

MANAGEMENT OF SOURCE WATER

OILFIELD WATER INTELLIGENCE PLATFORM 

LOW-COST PER BARREL WATER MANAGEMENT 

Sourcewater’s Water Asset Intelligence shows users where every 

drop of produced water comes from and goes in Texas, New 

Mexico, North Dakota and Pennsylvania. (Source: Sourcewater)

SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

http://HartEnergy.com
https://p2energysolutions.com/
http://Sourcewater.com
http://sourcewater.com
https://www.tetratec.com/
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ShaleFlow is a cost-effective trans-

portable solution for reuse of  

produced water and flowback water 

from hydraulic fracturing operations. 

This compact, modular system utilizes 

technologies designed to enable reuse 

with the flexibility to be moved as  

the field is developed. It treats up  

to 10,000 bbl/d (300 gpm) of pro-

duced water with a simple drop-and-go 

approach. ShaleFlow tolerates a wide 

range of influent water quality con-

taining up to 300,000 ppm of total dis-

solved solids. It can remove up to 98% 

of particulates such as suspended sol-

ids, oil and grease and scale formers. 

The treated water is suitable for reuse 

in fracturing and completion opera-

tions. veoliawatertech.com n

Proper characterization of 

the composition of various 

waters throughout the upstream 

oil and gas industry is critical to 

understanding how that water 

should be handled and treated. 

Dissolved minerals dramatically 

impact the performance of fric-

tion reducers, scale inhibitors, 

corrosion inhibitors, biocides 

and other chemical additives 

that are critical to the perfor-

mance of a hydraulic fracturing 

operations, waterfloods and 

production chemical programs. 

Water Lens has developed a 

fast, lab-quality water testing 

system that can be run by any-

one, anywhere in the world. It is 

specifically designed to correct 

for the numerous interferences 

found in oilfield waters and 

can be operated by any oilfield 

worker in any field environ-

ment. This allows operators and 

service companies to ensure they have the correct chem-

icals for a given water and are using the correct dosage, 

which saves money and damage to the formation and 

associated equipment. waterlensusa.com n

TRANSPORTABLE SYSTEM FOR WATER REUSE 

CHARACTERIZING WATER DATA FOR QUICK DECISION-MAKING

SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

ShaleFlow is a transportable, modular system for produced water treatment.  

(Source: Veolia Water Technologies)

A water treatment company uses the Water Lens testing system on a job in Midland, Texas. 

(Source: Water Lens)

http://HartEnergy.com
http://veoliawatertech.com
https://www.waterlensusa.com/
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Water Standard has developed its 

compact and modular H2O Spec-

trum platform after successfully exe-

cuting demonstration programs in the 

Permian, Denver-Julesburg and Powder 

River basins for treatment of produced 

and flowback water where cost and oper-

ability were key drivers. The H2O Spec-

trum platform offers the ability to treat 

water for reuse and recycle, or advanced 

treatment for safe surface discharge back 

into the water cycle, demonstrating the 

stewardship of this water as the most 

valuable resource. The general con-

stituents targeted for removal in reuse 

applications include oil and grease, sus-

pended solids, bacteria and iron, while 

treatment for surface discharge extends 

to the removal of salt, ammonia and dis-

solved organics. waterstandard.com n

The Thincell direct contact elec-

trochemical treatment technol-

ogy is providing the oil and gas 

industry with an in-situ method to 

cost effectively treat flowback fluids 

from shale produced wells. Thin-

cell has been proven to surpass 

electrocoagulation and other simi-

lar treatment methods. It reduces 

soluble and insoluble hydrocar-

bons, heavy metals, suspended sol-

ids and bacteria with an efficiency 

exceeding 99%. The technology 

replaces traditional electrocoagula-

tion methods, which are plagued 

with passivation, the early failure of 

electrodes due to scaling and corro-

sion. Instead, Thincell’s cathodes, 

anodes, sacrificial electrodes and 

fluidized bed combine to provide 

multiple treatment reactions in a compact, single treat-

ment chamber. The result is low maintenance, increased 

uptime, reduced operating costs, higher efficiency and 

improved personnel safety. watervisioninc.com 

WATER TREATMENT SYSTEMS ENABLE REUSE OR SURFACE DISCHARGE

ELECTROCHEMICAL WATER TREATMENT ADDS EFFICIENCY

SHALE TECHNOLOGY SHOWCASE:  

WATER MANAGEMENT

Water Standard’s H2O Spectrum mobile  

system is being delivered in the Permian 

Basin. (Source: Water Standard)

The new vessel for Thincell is shown. (Source: Water Vision Inc.)

http://HartEnergy.com
http://waterstandard.com
http://watervisioninc.com
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Pete Richter, Silixa

W
hile shale oil and gas production continues to 

captivate the global energy market’s attention, 

operators have their focus on optimized production. To 

improve stimulation and completion designs and deal 

with the growing concern of interwell communications, 

operators need data to gain insight into reservoirs. Eval-

uating stimulation performance in real time and quanti-

tatively measuring the extent of fractures are the biggest 

challenges in shale play development. 

Conventional technologies, such as tiltmeters, 

microseismic geophone arrays, chemical tracers 

and pressure sensors, only provide restricted infor-

mation—mostly due to their limited coverage. 

Distributed acoustic sensor (DAS) systems and tem-

perature sensors have been successfully used for 

monitoring hydraulic fracture operations. However, 

the complexity and costs associated with permanent 

fiber-optic installations would limit the number of 

wells that could be fully evaluated.  

High-resolution DAS
To overcome these challenges, Silixa has released 

Carina XwellXpress, the crosswell low-frequency 

strain and microseismic monitoring service that 

locates microseismic and strain events in real time 

using wireline conveyed measurements, allowing 

operators to improve stimulation and completion 

designs on the fly. This service removes the most chal-

lenging barriers that keep operators from implement-

ing diagnostic services: high costs, lack of real-time 

data and interference with operations. 

The service capitalizes on the performance of the 

company’s DAS, Carina, that has a 100x improve-

ment in signal-to-noise ratio (S/N) and greater than 

100x improvement in the lower frequency ranges  

of slow strain and microseismic compared to other 

DAS systems. As a result of the system’s sensitivity, it 

can detect changes in low-frequency strain induced 

by the development of the fracture network while 

simultaneously detecting microseismic events and 

crosswell frac hits. The system gathers data on a  

new generation of engineered fiber-optic cable  

called Constellation.

Real-time frac monitoring
The measurement of crosswell strain and, specifically, 

the poroelastic effect of rock mechanics or strain have 

not been measured to date with a wireline interven-

tion cable. For the first time, this new service allows 

the monitoring of the entire wellbore in real time, 

enabling the visualization of effects modeled and 

understood but not measured.

The measurable noise of a DAS with engineered fiber 

is 100x (20 dB) lower compared to that when using 

standard fiber. In addition, the DAS performance is 

comparable to that of geophones around 10 Hz but 

can far exceed the response of geophones in the range 

below 1 Hz. The highly sensitive low-frequency strain 

measurement provides valuable data for monitoring the 

crosswell poroelastic buildup within the reservoir and 

the detection of frac hits in the offset well. 

The intervention cable can be deployed into any well 

not being treated at the time, turning it into an obser-

vation well. Wells can be chosen during the hydraulic 

fracturing operation to map crosswell strain, locate 

microseismic events and collect key seismic data leading 

to a better understanding of completion design and 

effectiveness of the actual fracture geometry as pumped.

Fiber field deployment 
A fiber field deployment was set up in unconventional 

multiple wells. Two of the wells were installed with a 

permanent engineered fiber cable cemented behind 

the casing. However, it was recognized that acquiring 

additional data between the wells can be valuable in 

understanding the crosswell interference. This was 

achieved through the use of a new engineered inter-

vention wireline cable pumped down into an already 

completed well. The wireline cable also has a mono- 

conductor for being tractored downhole and/or moni-

toring collars during the pump down.

The data recorded both on permanent and interven-

tion cables were fed into the completion design in near-

real time to optimize the operations on the current well 

pad and for future development plans.

Crosswell strain monitoring and frac  
hits characterization
The crosswell strain data (Figure 1) was acquired on 

the wireline. Critical strain effects and treatment pro-

High-resolution DAS in frac design      
A new monitoring service locates microseismic and strain events in real time.

http://HartEnergy.com
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cesses, including pump start 

time, poroelastic effect, frac 

hits, pump stop time and frac-

ture closure can be seen with 

clarity. These new data allow 

completion engineers to map 

the depth, azimuth and speed 

of the fractures and feed that 

information back into the 

fracture models to validate and 

optimize the designs for the 

next operation.

To further validate the inter-

vention response, the wireline 

cable was pumped down in 

the same well that has been 

instrumented with a perma-

nent fiber behind the casing. 

A strong similarity can be observed in the response of 

both cables (Figure 2). 

Multiple frac hits can be observed following the 

tensional and compressional strain building up due 

FIGURE 1. A color map of the crosswell depicts strain at depth versus time (600 m [1,968 ft] 

wide over a few hours). (Source: Silixa)
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to the poroelastic effects as the fluid is pumped into 

the reservoir.

Microseismic 
The objective in hydraulic fracture monitoring is to 

map the treated volume’s height, length, width and azi-

muth. A DAS enables the realization of new monitoring 

applications where the fiber-optic cable can be readily 

deployed as a dense, wide aperture acoustic phase-array 

in novel configurations. With 

recent advances, it is possible 

to collect data comparable to 

geophones across the entire 

wellbore simultaneously. Addi-

tionally, a fiber-optic array in 

two or more wells requires only 

arrival times for hypocenter 

determination, without the need 

for polarization modeling and 

measurements. Both P-wave and 

S-wave arrivals from a micro-

seismic event can be seen over 

the entire cable length. With 

the sensitivity of the measure-

ment, events can be seen in the vertical section as well 

as the horizontal, allowing better location by taking into 

account the wellbore trajectory.

Time-lapse VSP
An important aspect of time-lapse vertical seismic profil-

ing (VSP) is the effort to characterize the changes in the 

reservoir from the frac operations and reservoir deple-

tion. In this case, Silixa recorded changes during frac 

activities with VSP data acquired after each frac stage. 

The effectiveness of the frac design and the return on 

investment for the pad can be continuously improved by 

using this technology.

The increased S/N allows quality acquisition with 

fewer sweeps. The ability to establish baseline data 

that can be compared to post-frac and post-production 

sweeps allows the continuous improvement of the frac 

process. Improvements in DAS measurements utilizing 

the engineered fiber means that it is possible to collect 

high-quality VSP data in between stages without inter-

fering with the overall operations.

In addition, high-quality microseismic events can  

be correlated with 4-D VSP 

effects to help understand frac-

ture complexity.

Conclusion
The next generation of a DAS 

system utilizing the engineered 

fiber offers 100x improvement 

in sensitivity compared to stan-

dard fiber and provides unprec-

edented data quality both on 

permanent and wireline inter-

vention cables.

The intervention wireline 

cable can be economically 

deployed for crosswell strain identification on frac 

hits, microseismic monitoring and time-lapse VSP 

acquisition. The wireline data can be combined with 

the permanently installed fibers to provide a wide 

volume coverage for fracture monitoring and comple-

tion diagnostics.

Feeding in the combined near-real-time datasets into 

the completion workflow, a better understanding of the 

key operational decisions can be gained to optimize the 

completion process with a high level of confidence. 

These measurements lead to better frac design, 

sequencing decisions and better ultimate oil recovery 

from the reservoir. 

To improve stimulation  

and completion  

designs and deal with  

the growing concern of  

interwell communications, 

operators need data to 

gain insight into reservoirs. 

FIGURE 2. Low-frequency strain data on the wireline intervention cable (right) are compared to the permanently installed cable cemented behind 

the casing in the same well (left) (300 m [984 ft] wide over a few hours). (Source: Silixa)
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Owen Plowman, Actenum Corp.

W
ell delivery scheduling is a lot like chess. It 
involves coordinating many moving parts in an 

operational environment that is constantly changing 
to reach a goal that is often altered in response to 
business needs. Accurate scheduling improves orga-
nizational responsiveness to operational changes and 
yields significant economic benefits. But the conse-
quences of a poor schedule can be severe: deferred 
production, cycle time delays and increased costs. 

Spreadsheets and project management software tools 
are still widely used by operators to accomplish this 
complex task. These tools are ill-suited for modeling the 
complicated integrated activity sequences and related 
data necessary for efficient and timely well delivery. 

Current tools lack intelligence
Spreadsheets allow rapid import and display of data in 
a tabular form and may be used to create simple Gantt 

charts. But they provide no real support for making 
effective decisions about how to schedule. Well delivery 
schedules based on a master spreadsheet usually incor-
porate several sub-sheets, and often these are not in sync, 
resulting in poor communication and a lack of coordina-
tion in the field, leading to delays and cost overruns. 

An operator in the Permian Basin was managing drill-
ing and completion schedules using separate spread-
sheets, which were also separate from construction 
schedules. Identifying all resource and timing require-
ments was difficult, leading to schedule conflicts, 
poor productivity and overscheduled resources. These 
scheduling shortcomings weren’t just leading to frustra-
tion; they were causing serious red ink in the financial 
department. Planners determined that when changes 
were required as a result of a schedule conflict, an aver-
age of two extra rig moves were needed, along with the 
redeployment of other equipment. At an approximate 
cost of $60,000 per move and an average of four major 
conflicts each year, $480,000 in overruns were dramati-
cally adding to annual expenses.

Step change in operations scheduling      
Scheduling well delivery offers a strategic advantage.

This resource schedule shows equity production and well costs for 2019 as well as drilling activity data. (Source: Actenum)
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Project management tools provide interfaces to a 

calendar, catalogs of activities defining work to be done 

and resources required to complete those various activ-

ities. Out of the box, they understand nothing about 

well delivery scheduling. Optimizing a schedule to meet 

business objectives—taking into consideration lease, 

production and location information, multiwell pads, 

the risk of offset well violations and use of frac water—is 

either impossible or extremely time-consuming. The 

scheduler must make all the decisions about how to 

arrange the sequences of activities manually. There is 

no automation available to help place tasks on a time 

line and no intelligence to help sort out complex situa-

tions or make decisions. 

Rules-based operations model 
Just as when IBM taught Deep Blue to play chess, to 

automate well delivery scheduling the rules of the game 

must be defined in the software. How does each type of 

activity, piece of equipment or milestone in the oil well 

scheduling game work? What “moves” can each resource 

make? What are the constraints regarding sequencing 

and dependencies? 

Rules like “Truck B can only carry equipment under 

300 tons” or “Property A must be drilled by November 

7, 2020, according to the lease and needs to use water 

from frac pond D22” describe constraints that must 

be considered. All these things can be defined to 

produce an effective and efficient schedule. But once 

basic rules are defined, and scheduling logic is estab-

lished, then many different rules must be applied to 

each specific activity, including timing (earliest starts, 

priorities and deadlines), contract and lease obliga-

tions, spacing and SIMOPS constraints, blackouts  

and facilities. With tens or hundreds of wells to be 

drilled each year, a manual approach is not feasible: 

central processing unit power is required to work out 

each schedule.

Rapid sequence assessment and optimization
Following the chess analogy, Deep Blue’s advantage 

was speed. Given a set of rules that govern an upstream 

operation, modern scheduling software is able to rap-

idly run through the millions of alternatives available 

to create an optimal activity sequence that reaches 

goals like production targets, cost ceilings or both. But 

this is not just about brute force pattern assessment. 

As operations increase in size and scope, just adding 

computing power is not enough to improve time to 

solution. An optimization engine also is required to 

make the scheduling tool “intelligent.” Powerful opti-

mization algorithms greatly increase the speed at which 

all rules and constraints are assessed and appropriate 

alternatives are found. A typical schedule involving 60 

pads, 200 wells and eight rigs, which might take a week 

to build manually with spreadsheets, will be assembled 

in a few minutes and continue optimizing over a very 

short time.

Adapt to change, introduce new goals
In upstream well delivery, there are usually multiple, 

changing goals. One day drilling is at full steam. The 

next month production needs to be cut back due to 

price fluctuations, or new acreage is acquired and 

must be factored into the schedule. Scheduling soft-

ware should be able to take such inevitable changes, 

incorporate them into sequence optimization and 

quickly produce a revised schedule. Not in days, but  

in minutes.  

When Rig A needs to stay at Well 312 for a few extra 

days because of stuck pipe or a breakdown, how does 

that impact the schedule? By altering the deadline 

associated with Rig A’s activity, the schedule should 

quickly reoptimize, taking this change in stride. 

Moreover, it should enable the user to answer all those 

tricky questions about what happens to other rigs and 

well deadlines, plus cost changes, in minutes instead of 

hours or days. 

Rapid optimization gives you the flexibility to alter 

any part of a schedule—the goals, the rules and the 

scheduling logic—and obtains updated information in 

near to real time, leading to more efficient and effective 

operations despite disruptions and changes. 

Schedule optimization software signals the begin-

ning of far more effective and efficient well delivery 

than before. It provides a single source of truth for all 

activities (i.e., no extra spreadsheets or files floating 

around with details about the schedule). The current 

method of publishing PDF documents from a spread-

sheet or sharing them through email or Microsoft 

SharePoint is time intensive and clunky. No one 

sees the same information at the same time, and it is 

impossible to understand the implications of individ-

ual changes on costs or production. A single platform 

that team members can access anywhere promotes 

collaboration and 24/7 planning from anywhere on 

the globe.

Scheduling software should maximize the efficient 

use of costly resources, warn of operational risks like 

well interference or continuous drilling provisions and 

ensure efficient well delivery. In the end, it elevates the 

task to a strategic advantage. 

http://HartEnergy.com


http://hal100.com


98

shale
SOLUTIONS

July 2019  |  E&P  |  HartEnergy.com

Patience Peterson, B3 Insight

T
he case has been made that with record oil and 

natural gas growth in Texas and New Mexico, the 

steady increase of produced water volumes threatens 

traditional disposal options. While data and insight 

technology improvements have yielded various tools 

designed to collect and aggregate produced water data 

from a variety of sources, most of these solutions do not 

improve how data are collected and disseminated or 

provide a straightforward means to increase understand-

ing and salience to take action.

Waterfield Midstream, founded in June 2018 by 

experts in upstream oil and gas water management, 

through a partnership with Blackstone Energy Partners, 

provides water management systems for operators in 

the Permian Basin. The company plans to develop some 

of the most extensive water infrastructures in the oil 

and gas industry. Waterfield has roots in upstream and 

midstream, enabling them to focus on mitigating the 

subsurface challenges of water injection and production 

and developing efficient and scalable infrastructure 

solutions. Waterfield leverages B3’s oilfield water intel-

ligence data to support its in-house analysis. Without 

access to transparent water data from B3’s geospatial 

online platform and water data experts, it would be 

near impossible to efficiently and confidently manage 

resources within a rapidly changing market. 

The term “oil field” has been used for decades to 

describe a region of oil production, along with the asso-

ciated infrastructure and workforce. The Permian Basin 

is one of the world’s most prolific oil fields. Waterfield 

Midstream also considers the Permian Basin to be a 

prolific “water field” because of the vast volumes of 

water, water-related infrastructure and expertise needed 

to manage development operations.

B3’s OilFieldH20 Platform enables access to this 

“water field,” specifically produced water data, so that 

companies can identify new market opportunities 

and prioritize development of future opportuni-

ties. All data and analytics, features and capabilities 

are available in one interface—for access to Texas 

Railroad Commission, New Mexico Oil Conservation 

Division data and permits, and more. Waterfield also 

utilizes B3’s add-on data connector, B3’s Drillinginfo 

Connector, enabling holistic access to rigs, wells, 

completion production and lease data, next to B3’s 

oilfield water intelligence data (Figure 1).

In Texas and New Mexico, the Railroad Commission 

and the Oil Conservation Division, respectively, manage 

the disposition of produced water. This includes over-

sight of permitting, construction, operation, inspection 

and reporting of monthly injection volume and pres-

sure for Underground Injection Control (UIC) Class II 

disposal wells (both Texas and New Mexico have UIC 

primacy). However, there is growing concern that busi-

ness-as-usual water disposal may result in suboptimal use 

of limited subsurface disposal capacity; more widespread, 

frequent and powerful seismic events; and/or elevated 

subsurface pressure that jeopardizes the economic viabil-

ity of Permian Basin oil and gas development. 

B3’s OilfieldH20 Platform leverages a proprietary data 

technology process to analyze various sources and formats 

so that the industry can instantly search and visualize 

Permian Basin water and disposal assets all in one place. 

With the use of the OilFieldH20 Platform, Waterfield can 

access water wells, disposal wells, surface owner parcels, 

Oilfield water intelligence helps water 
midstream sector find solutions   
With roots in oil and gas, one company aims to turn water data into high-value solutions to 

answer big questions.

FIGURE 1. Time series and summaries of injection well analytics 

that combine H-10 volume and pressure are obtained from the 

Railroad Commission of Texas. (Source: B3 Insight)

Producing Entities Cumulative Analytics
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water quality reports, water 

volumes, fracking water use 

and more. With the mapping 

and analysis tools available, 

these data are the core com-

ponent for access to water 

assets, development trends, 

business activity and owner-

ship information.

Case study
Waterfi eld Midstream 

operates in the Midland 

Basin in Martin County and 

Delaware Basin in Reeves 

County. In November 2018, 

the company broke ground 

on a greenfi eld produced 

water gathering system in 

the heart of Martin Country 

with planned commissioning 

that was scheduled for June 

2019. The system consists of 

three saltwater disposal wells 

and 54.7 km (34 miles) of 

16-in. pipeline supported 

by a 15-year acreage dedica-

tion from a key producer in the area and optionality to 

support other producer water needs. In Reeves County, 

Waterfi eld manages and operates the water assets, which 

EagleClaw Midstream acquired from Caprock Mid-

stream. The Reeves County system consists of 93 km (58 

miles) of gathering lines and 390,000 bbl/d of permitted 

water disposal capacity. The system serves several active 

producers, who have made long-term dedication and/or 

volume commitments for water services. 

With these two major initiatives and more in the pipe-

line, Waterfi eld identifi ed B3 as a solution to the compa-

ny’s challenges because of B3’s 30 years of experience to 

automate data collection, aggregation and analysis nec-

essary to make more informed strategic decisions. The 

OilFieldH20 Platform output is presented as an online, 

interactive geospatial interface with exceptional data visu-

alization, reporting and export capabilities (Figure 2). 

Conclusion
Over the past decade, horizontal drilling, well stimula-

tion by hydraulic fracturing and a host of other innova-

tive technologies have been applied to the Permian 

Basin in southwestern Texas and southeastern New Mex-

ico. The result has been extraordinary: crude oil pro-

duction has soared by almost 270% and natural gas by 

70% since 2007. Billions of dollars have been invested by 

E&P and midstream companies to build out the infra-

structure needed to move the resulting product to the 

Gulf Coast and other markets. The Permian Basin has 

become a critical asset for the economic future of the 

states of Texas and New Mexico as well as the entire U.S. 

The need for better methods of data collection and 

analysis has grown due to the challenges of disorga-

nized, disparate data. As the Permian Basin and other 

major oil producing basins in the U.S. become enor-

mously important, trusted quality data will remain a crit-

ical component to cost-effectively achieving business 

goals and operational success. Reducing the uncertainty 

associated with water is critical for the oil and gas indus-

try. Companies need to take a long-term approach to 

water midstream with a focus on emerging technologies 

that have the potential to create a meaningful change in 

the industry. 

FIGURE 2. Production disposal spatial association mapping is depicted for visual analysis of fl uid 

movement between production and disposal wells. (Source: B3 Insight)
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Gary Smart, Unity

I
ntervention operations are a vital activity in the life-
time management of wells, ensuring long-term effi-

cient production and integrity and enabling maximum 
economic oil and gas recovery. The global well interven-
tion market reached an estimated value of nearly $6 bil-
lion in 2017, and this is likely to expand at a significant 
6% value compound annual growth rate through 2026 
as operators continue to invest, according to a recent 
industry report. 

A well can require intervention for a host of reasons, 
either to address integrity or flow challenges such as 
wellbore restrictions, sand and water ingress, downhole 
equipment failure, leaks, cracks and corrosion, or to 
boost production through, for example, fracturing 
operations or artificial lift. 

Usually, wireline or coiled tubing (CT) intervention 
equipment is deployed, along with heavyweight well 
control packages, to address these requirements. Such 
operations often involve multiple vendors and person-
nel, complicated logistics and a large wellsite footprint. 
Associated nonproductive time (NPT) is also incurred 
during the intervention, rigup and rigdown, all factors 
resulting in significant costs and risks for the operator, 
especially offshore. While this process is necessary for 
deeper well intervention activities, shallow depth oper-
ations can benefit from a more refined and cost-effec-
tive solution.

The “Wells Insight Report 2018,” published by 
the U.K.’s Oil and Gas Authority, notes that well 
integrity problems were the single biggest cause of 
production losses in the U.K. Continental Shelf, 
accounting for 43% of the total 33 MMboe loss, of 
which 10 MMboe was due to wellhead, christmas tree 
and annulus failures. 

Unity, a FrontRow Energy Technology Group com-
pany and well integrity specialist in Europe, developed 
the Surface Intervention System (SIS). The compact 
tool is an alternative intervention system that does not 
rely on conventional heavyweight equipment and deliv-
ers cost savings of up to 75% in a single deployment.

Tool development
The SIS started out as a gate valve milling tool, orig-
inally conceived in 2017 when Unity was asked by an 
existing customer to develop a system capable of milling 
stuck gate valves in offshore christmas trees. This com-
mon issue leads to wells being shut in, resulting in a loss 
of production.

Unity developed a compact milling system with a 
special set of mill bits capable of milling through stuck 
valves, including those with tough tungsten carbide 
overlay. Technically, the hydraulic system needed to 
achieve fine control alongside large forces and meet 
stringent operational and safety specifications within 
budget. The new technology is capable of milling gate 
valves in less than an hour, significantly faster than tra-
ditional intervention methods.

Subsequently, and in close collaboration with its 
clients, Unity identified multiple applications for a 
low-cost, compact and shallow intervention system with 
interchangeable tools.

Investing in further R&D and product testing 
throughout 2018, Unity’s technology team developed 
the more versatile, multi-use SIS.

With the option to include an integrated well control 
package, the SIS can be used across a variety of oper-
ations including near tubing or tubing hanger plug 
setting, christmas tree removal, well inspection, milling 

Multifunctional mobile technology for 
near-surface well intervention   
A new compact tool provides an alternative intervention solution to conventional options. 

The SIS can secure cost savings of up to 75% in a single  

deployment. (Source: Unity)
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and wellbore cleanout. Consecutive tasks can be per-

formed during the same deployment, with the system 

only requiring two people for operation compared to 

the four to six personnel often needed for conventional 

methods, increasing effi ciency.

The SIS can be used with a number of running/

deployment tools, making it fully compatible with 

industry standard intervention equipment. This also 

enables simple switching between functions at the 

well site. It can operate at wellbore pressures up to 

10,000 psi and has a hydraulic motor driving a push, 

pull and rotate function, rivaling wireline or CT capa-

bility. This, combined with compact dimensions of 

660-mm-wide by 3.45-m-high (2.16-ft by 11.34-ft) and 

a weight of 2,337 lb delivers a small wellsite footprint 

and great ease of mobilization.

The unit is self-contained and can be used for a number 

of tasks, including the setting of shallow plugs, removal of 

christmas trees, installation of protective sleeves inside the 

tree, milling, cleanout operations and inspections.

Case study
In its fi rst deployment, the SIS was mobilized for a 

major international operator off the coast of Tunisia to 

set two frac sleeves on two wells. Tree saver sleeves pro-

tect the production valves and internals of the christmas 

tree during fracturing, cementing, chemical or other 

high-pressure injection treatments. They allow more 

mature assets to be modifi ed rather than replaced with 

more expensive, higher rated equipment.

The project was completed quickly and successfully, 

with each sleeve set in under 3 hours, including rigup 

and rigdown time. This is a signifi cant speed compared 

to the 24-hour schedule for conventional intervention 

methods and delivered considerable NPT cost savings 

for the operator. The cost and risk associated with per-

sonnel on board was kept to a minimum as only two 

engineers were required to perform the installation. 

Unlocking reserves and reducing costs
Extending the life of fi elds is vital to the continued pro-

duction of mature basins across the globe. The introduc-

tion of new technology that can ensure the integrity and 

thereby increase production rate and recovery will enable 

assets to operate well past their originally planned lifespan 

and deliver an incremental fi nancial return.

The SIS enables continued production through 

ensuring surface equipment integrity. However, it also 

provides effi ciencies and cost benefi ts in the end phase 

of well plug and abandonment (P&A) activity, through 

plug setting and the removal of christmas tree and well-

head surface equipment. In addition, it can be used to 

carry out inspection and remedial work of the internals 

of the surface equipment and tubulars prior to removal. 

The P&A market is a growing sector with regulatory 

requirements driving operator activity. As the broader 

industry remains focused on maximizing economic 

recovery, the SIS is a strong example of how technol-

ogy can assist operators in achieving the goal of 

increased productivity. 

The SIS is the fi rst multifunctional shallow intervention system. 

(Source: Unity)

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

W
hether it is supporting production activities, mea-

suring multiphase flow rates downhole or tackling 

the twin threats of sand and corrosion, downhole mon-

itoring provides operators with increased insight and 

control over their reservoir operations and improved 

production. The same is the case with production log-

ging tools run in completed wells to analyze fluids in or 

around the borehole during production or injection.

Yet, just as permanent downhole 

monitoring and production logging 

technologies have advanced, so have 

the demands that are put on them. 

Such demands include the rise in 

deviated and horizontal wells, lead-

ing to multiple zones, complex flow 

regimes and downhole measurement 

challenges. These are ever more 

remote and challenging conditions, 

particularly with the rise in deeper 

wells and the growth in intelligent 

completions and smart wells that 

provide the potential for real-time 

zonal downhole monitoring of pres-

sures and temperatures.

Accessing the reservoir
Given all these advances and grow-

ing demands, it is therefore surpris-

ing that the sandface—the physical 

interface between formation and 

wellbore—and the lower completion is considered 

off limits when it comes to sourcing accurate, multi-

zone information. 

This can lead to expensive but suboptimal well and 

reservoir management with typical outcomes including 

flowing a well from only a short section of the sandface 

or selecting the wrong remedial action when faced 

with poor well performance.

The upper completion is the connection from the lower 

completion to the wellhead and includes the tubing and 

all other accessories that allow the well to flow. The lower 

completion interacts with the formation that the operator 

produces from and is usually finished with a packer at the 

top to isolate the lower completion from the wellbore.

Yet, the large majority of downhole monitoring 

equipment is installed above the production packer 

and is thus unable to monitor the dynamic changes in 

the reservoir and data from the lower completion. 

In deeper wells, there are also the challenges of 

sourcing diagnostic data from the lower completion. 

In Figure 1, for example, the Roxar HS gauge is set at 

a depth of about 4,000 m (13,123 ft) 

but is still 1,500 m (4,921 ft) above 

the reservoir. While 4,000 m is cer-

tainly better than taking pressure 

measurements at the wellhead, there 

are still likely to be errors in the cor-

rection from density variations, such 

as gas bubbles or slugs, and from fric-

tion, turbulence and other factors.

In addition, the lack of downhole 

data is often exacerbated in horizon-

tal and multilateral wells with multi-

ple zones, where the horizontal part 

in the reservoir can be more than 

3,000 m (9,842 ft) and the wellbore 

as long as 12 km (7.5 miles). In such 

cases, the actual downhole measure-

ments are usually made some dis-

tance away and need to be corrected. 

The result is that the lower comple-

tion is simply considered too costly 

and too complex for online moni-

toring. Traditional production logging, wireline, coiled 

tubing (CT) and other cable-based downhole solutions 

also are considered inappropriate and too risky. This 

is particularly the case in deviated and horizontal wells 

with stratified, multiphase flow where the data gener-

ated from such tools aren’t always reliable.

Bridging the information gap
The times are changing, however, with advances in 

downhole monitoring and wireless communication 

Downhole monitoring—new advances, 
new demands  
Intelligent completion networks help open up new sources of downhole information. 

Area of
Interest

1,500M

Roxar HS
Gauge

• Upper Completion

• Packer Set

Upper/Lower
interface prevents
normal cable run
below this point

FIGURE 1. This diagram depicts the  

challenges of sourcing diagnostic  

data from the lower completion.

(Source: Emerson Automation Solutions)
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that can significantly reduce the complexity and costs 

associated with wired solutions, as well as open up areas 

previously considered inaccessible and help bridge the 

information gap.

One such example is the recently launched Intelligent 

Multistage Completion Network (IMCN), developed 

by Emerson in partnership with Metrol. The IMCN is 

the first wireless-enabled, integrated upper and lower 

completions downhole solution that communicates with 

instruments at the reservoir sandface via a new wireless 

interface (Figure 2). 

That interface—Emerson’s Roxar Matrix Downhole 

Wireless Interface built on wireless telemetry advances 

in which acoustic signals are sent through the tubing 

string—enables the operator to align the cabled perma-

nent downhole gauges in the upper completion with 

the wireless sensors and controls along the reservoir 

sandface. This leads to insight into the reservoir’s flow 

and valuable, previously inaccessible data.

Installation of the system requires no need for addi-

tional penetrators (e.g., wet mates, connectors or tub-

ing for fiber) to go through the defined well barriers, 

thereby significantly reducing risk. There are also no 

additional hardware requirements to the topside or 

subsea control system. Instead, operators have a sin-

gle standard interface card providing access to all the 

in-well instrumentation.

What operators can expect
Operators can expect detailed reservoir data and con-

trol, an improved understanding of well performance 

issues, and the ability to select the correct types of inter-

vention. No longer will operators have to make do with-

out having diagnostic data from the lower completion. 

There is also no longer a need to consider costly and 

risky production logging, wireline, CT and other cable-

based downhole solutions.

They can look forward to the wireless retrieval 

of pressure and temperature data from reservoir 

sands in a pilot hole for the first time, leading to an 

improved understanding of reservoir connectivity 

and drainage.

Operators also can access zonal flow data measure-

ments without having to reduce flow rates; this is because 

operators also will have the added ability of wirelessly 

operating flow control valves in multiple locations in 

response to zonal data acquisition.

In addition, they can utilize reservoir and flow informa-

tion to optimize their reservoir production operations.

An intelligent completion involves understanding 

formation behavior, diagnosing data in real time and 

understanding and wirelessly managing multizonal 

contributions without the need for packer penetra-

tions or wired connectors, and without intervention, 

a goal which the IMCN helps achieve. 

FIGURE 2. The Intelligent Multistage Completion Network integrates an upper and lower completions downhole system that  

communicates with instruments at the reservoir sandface. (Source: Emerson Automation Solutions)

Wireless communication in lower completion
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Zainub Noor and Jeffrey Yarus, Halliburton

F
or E&P companies, the digital twin concept is a 

fundamental element of managing integrated pro-

duction and reservoir systems. Because of its rapid 

acceptance across various industries, the International 

Data Corp. expects that this emerging digital tech-

nology will help companies gain a 30% improvement 

during cycles of their critical processes. For the oil and 

gas industry, the digital twin is the “information vehi-

cle” that enables systems to exchange vital information 

among multiple integrated production and reservoir 

subsystems, driving the highest possible recovery using 

the most efficient and cost-effective operation.

Reservoir and production systems are closely tied, so 

reservoir performance has traditionally been used as an 

input to model the well’s ultimate recovery efficiency 

under various development scenarios. A compari-

son of the rates of return from different production 

approaches and recovery methods can be made by 

using this model. During operations, the production 

history is matched with reservoir simulation models 

to establish the models’ validity. Both production and 

reservoir models are used to assess scenarios for the res-

ervoir’s future development.

While oil and gas system methodologies and tech-

nologies have improved and become more integrated, 

a corresponding increase in automation complexities 

has occurred. Equally important, daily generated per-

formance and health-state information have become 

vital assets for these integrated systems to manage. This 

ever-increasing tide of data has caused new require-

ments on its governance and flow to maintain visibility 

and control. Interoperability of data and cross-domain 

workflows is extremely important while organizations 

stress efficiency and intelligent decision-making.

Traditional monitoring solutions fill large historical and 

real-time repositories. While 24-hour monitoring centers 

help improve operational efficiencies, they are suscepti-

ble to human error. Digital twin solutions can be used to 

more accurately sense, diagnose and help optimize the 

physical twin’s behavior to address this challenge.

Benefits
A digital twin for integrated reservoir and production 

management is an ideal solution for managing complex 

integrated oil and gas production and reservoir systems. 

Because the digital twin seamlessly exchanges vital infor-

mation among the various integrated production and 

reservoir subsystems, it is instrumental in addressing the 

problem of information-flow complexity. Additionally, 

the digital twin can provide the health-state for inte-

grated systems, enabling both preventive and remedial 

actions. As is often the case with optimization oppor-

tunities, the more vertically integrated the assets, the 

easier it is to capture all the benefits resulting from a 

systemwide digital twin approach.

According to Dr. Michael Grieves, an expert on prod-

uct life-cycle management, there are various implemen-

tations of a digital twin. One is digital twin instance, 

with the asset and current sensor measurements rep-

licated “as is.” Another implementation is digital twin 

aggregate, which involves providing an aggregation of 

multiple instances. A third implementation is a digital 

twin prototype, which provides a multidimensional rep-

resentation of a producing asset, not a specific replica. 

Implementation
Landmark, a Halliburton product service line, has 

developed a digital twin for integrated reservoir and 

production management that leverages the enterprise 

capabilities of Landmark’s DecisionSpace platform. 

Implementing an aggregate twin to address challenging 

problems provides a solution that helps manage inte-

grated system complexities.

The full benefits of implementing digital twins are 

realized when they are part of a comprehensive digita-

lization strategy customized to the field (for example, 

legacy fields versus new developments). In addition 

to digital twin technology for integrated production 

and reservoir systems, Landmark is developing digital 

twins for well construction and for exploration and 

reservoir management.

For both conventional and unconventional scenarios, 

a digital reservoir twin provides comprehensive solu-

tions to maintain the integrity of geological features, 

Digital reservoir provides insights into 
its physical twin  
Leveraging a digital twin for integrated reservoir and production management delivers results.
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helps improve accuracy, increases efficiency and maxi-

mizes the return on investment for assets.

The reservoir production digital twin enables multiple 

workflows, including integration analysis, that use part 

or the entire DecisionSpace technology suite. Some of 

these fundamental workflows include  

• Field allocation optimization that provides optimiza-

tion for an entire oil or gas field by calculating each 

well’s production capability at different time steps to 

obtain optimum field production;

• EOR to optimize production from each well and 

maximizes the ultimate recovery based on enhanced 

recovery mechanisms; and

• Holistic field development to determine technically 

and economically feasible field development scenar-

ios from early stages to mature field to abandonment.

The fundamental objective is to pro-

vide a representation of a single asset 

that can be optimized in collaboration 

with reservoir, production and comple-

tion engineers as well as with the field 

operations team. 

Case history
Waterflood optimization is an example 

of the implementation of an integrated 

reservoir production digital twin. One 

example of a digital twin is a smart 

water optimization workflow used for a 

national oil company in the Middle East 

that enables optimization of water sweep 

and utilization efficiency using smart 

coupling of wells and subsurface models, 

or digital twins, with reactive and semi-proactive 

optimization strategies (Figure 1).

This workflow comprises two sub-workflows 

executed in two different time frames: the first 

sub-workflow is focused on short-term reactive 

optimization of settings for surface chokes and 

water injection rates, while the second targets 

mid- to long-term proactive optimization, which 

supports field development planning for workover 

actions and new well types and locations.

The primary objective of the smart water opti-

mization is to develop an automated workflow to 

monitor, diagnose and optimize waterflooding pro-

cess systems using an intelligent, real-time control 

process to provide proactive recommendations for 

water injection and production systems, thus maxi-

mizing oil recovery and reducing water production.

By combining real-time data and Big Data ana-

lytical models, digital twins reflect the actual conditions 

of its physical twin, allowing operators to decide between 

multiple constraints to provide meaningful operational 

insights and enable effective workflows (Figure 2).

Digital twins for integrated reservoir systems enable res-

ervoir management and production teams to collaborate 

on a single integrated model. This comprehensive solu-

tion allows all asset team members to interact with a com-

mon and unified vision of the asset. Multireservoir assets 

where individual reservoirs are connected through a 

shared network especially require such a solution because 

how each reservoir is operated impacts the production of 

the other reservoirs. An integrated multireservoir model 

can accurately determine the interactions of these reser-

voirs, causing decisions that help improve production, 

ultimate recovery and asset life. 

FIGURE 2. Optimal scenarios provided by waterflood optimization allow  

operators to decide between multiple constraints to provide meaningful  

operational insights. (Source: Landmark, Halliburton)

FIGURE 1. The smart water optimization workflow enabled optimization of water sweep 

and utilization efficiency using smart coupling of wells and digital twins with reactive and 

semi-proactive optimization strategies. (Source: Landmark, Halliburton)

SMART WATER OPTIMIZATION WORKFLOW
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GEOMECHANICS

Constantin-Laurian Ciuperca and  

Davide Di Tommaso, Weatherford

A
lthough ultrasonic measurements have been in use 

for borehole imaging, in openhole and cased-hole 

wireline for more than three decades, they could not be 

used in highly deviated wells and hostile environments. 

Thus, efforts have been made to develop ultrasonic 

LWD imaging devices that are no longer dependent 

on the type of drilling mud or standoff such as LWD 

resistive imaging tools. It was also important to obtain a 

resolution of the image that would allow accurate iden-

tification of stratigraphic, structural and tectonic stress 

direction indicators. 

The ultrasonic amplitude 

image has helped in identifica-

tion of the most stratigraphic, 

structural and tectonic stress 

orientation features. Travel 

time measurements were ori-

ented to create a truth bore-

hole shape. Breakout direction 

was determined with the help 

of the potato plot and con-

firmed the direction of those 

determined on the amplitude 

image. In-situ tectonic stress 

direction elements, drilling- 

induced fractures and tensile 

zones have been identified alongside breakouts, the 

first two indicating maximum tectonic stress direction. 

Method and theory

A high-frequency ultrasonic transducer acts as a trans-

mitter and receiver to provide measurements of travel 

time and amplitude. In this way, the ultrasonic trans-

ducer provides borehole images across 128 sectors 

using travel time measurements and 128 sectors’ for-

mation images using amplitude measurements, with a 

360-degree borehole coverage.

The sound pulse generated by the transducer trav-

els through the mud to the borehole wall where it is 

reflected and travels back to the transducer. The travel 

time is the time it takes to make this journey and is 

used to provide the caliper measurement. The standoff 

between the tool and borehole wall is calculated as mud 

velocity multiplied by arrival time of the first reflection 

from the borehole wall divided by two.

The second measurement is the detection of forma-

tion features (beddings and fractures) and borehole 

breakouts from the change in signal amplitude. The 

amplitude of the reflected wave is a function of the 

acoustic impedance of the medium, which is defined 

as the velocity times the density of the medium. The 

higher the impedance of the medium, the higher the 

amplitude and vice versa. The 

presence of a fluid gap (vugs or 

fracture) causes the amplitude 

to decrease due to the lower 

acoustic impedance of the fluid 

compared to the rock. The 

relative change in amplitude is 

proportional to the width of the 

fluid gap.

The travel time and ampli-

tude measurements of the 

ultrasonic waves are a function 

of several factors such as mud 

slowness, standoff and acoustic 

impedance variations. 

Case study

The analyzed well is situated in the northern Weald 

Basin in Surey, southern England. The 57⁄8-in. sidetrack 

well started from a maximum inclination of 69 degrees 

and dropped to 2 degrees, drilled with oil-based mud. 

The 4¾-in. LWD high-resolution ultrasonic imaging tool 

recorded the data in a stored memory while reaming 

the well without affecting the rig activity as powered by 

batteries thus independent from mud flow.

The interpretation of ultrasonic amplitude and travel 

time images from memory has led to the accurate 

identification of stratigraphic, structural and in-situ tec-

tonic stress indicator features. Bedding, crossbedding, 

Improved detection of wellbore  
stability parameters  

A new LWD high-resolution ultrasonic imaging tool helps mitigate nonproductive time and 

deliver optimized wells.

Borehole instability  

phenomena become even 

more critical in the current 

economic environment 

because of the need to  

mitigate all nonproductive 

time factors to deliver  

optimized wells with respect 

to costs.
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disconformities, natural fractures, vugs, breakouts, 

induced fractures and tensile zones have been iden-

tified and classified. Most of the picked features have 

been identified on the amplitude image, and some of 

them were confirmed by travel time measurements.

Borehole breakouts, drilling-induced fractures and 

tensile zones were identified as in-situ tectonic stress 

indicators. Borehole breakouts (Figure 1) could be  

distinguished on the amplitude image as low acoustic- 

amplitude zones developed 180 degrees apart around 

the borehole wall. Also, the oriented potato plot derived 

from travel time measurements may offer indications 

related to borehole ovalization. In this way, breakouts 

are determined from two different methods that con-

firm each other.

Drilling-induced fractures (Figure 2), developed 180 

degrees apart around the borehole and 90 degrees 

from breakouts, are created when the stress concen-

trated around the borehole exceeded that required to 

cause tensile failure of the wellbore wall. They represent 

a typical maximum stress direction indicator.

Drilling-enhanced fractures, which are pre-existing nat-

ural fractures that reopen or its apertures are enhanced 

because of drilling, in-situ imbalance or thermal contrac-

GEOMECHANICS

FIGURE 1. Borehole breakouts are identified by using the LWD ultrasonic images and the potato plot derived from oriented travel time 

measurements. (Source: Weatherford)
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tion, have the same orientation as drilling-induced frac-

tures and confirm the maximum stress direction.

Conclusion 
Borehole instability phenomena become even more 

critical in the current economic environment because 

of the need to mitigate all nonproductive time factors to 

deliver optimized wells with respect to costs.

The new LWD ultrasonic imaging represents a power-

ful instrument for detection of wellbore stability param-

eters both in water- and oil-based mud in hole sizes 

ranging from 57⁄8-in to 8¾-in. In-situ tectonic stress ele-

ments were both detected on amplitude image and 

deduced from borehole ovality analysis. The determina-

tion of borehole breakouts as magnitude and orienta-

tion contributes to the validation or adjustment of the 

geomechanical predrill model and the selection of the 

optimal parameters for the drilling mud. As a result of 

the borehole shape analysis, two key seat zones were 

identified generated by large dogleg values. These 

observations helped drillers to understand the borehole 

conditions to avoid issues during the casing job. 

FIGURE 2. Drilling-induced fractures are identified by using the LWD amplitude images. (Source: Weatherford)

GEOMECHANICS
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GEOMECHANICS

Orlando J. Teran, Andrew Fontenot and  

Arman Khodabakhshnejad, MicroSeismic Inc.

I
n the last two years, there has been an increase in the 

drilling of infill wells, also known as child wells. The 

aim of these infill wells is to produce hydrocarbons left 

in place from older (or parent) wells, or to continue 

field development with increasingly modern completion 

designs. The common experience shared throughout 

the industry is that the interaction between parent and 

child wells has often proven to decrease EUR and capi-

tal efficiency for both parent and child wells.

Interactions between parent and child wells can 

incur many challenges during completions and pro-

duction. An important component of these challenges 

is the extent of the low-pressure volume created by the 

production of the parent wells. This low-pressure zone 

can often divert fluid and energy away from the com-

pletion of the child well. The thieving of energy from 

the child well to a previously stimulated region not 

only reduces the completions efficiency of the child 

well by minimizing the recovery factor, but it also can 

reduce production in the parent well, either temporar-

ily or permanently.

Case history
MicroSeismic Inc. and an operator in the Permian 

Basin worked together to create a reservoir model 

using the microseismic-derived fracture permeability 

to predict the impact of parent/child well interac-

tions for future child wells. A unique aspect of this 

case study is that both the parent and child wells were 

monitored four years apart, allowing not only the 

spatial extent of the stimulated fracture network to be 

mapped but also allowing direct comparison of the 

differences between the treatment designs and stimu-

The challenges of parent  
and child wells  

Production performance changes due to the interaction between parent and child wells can 

be modeled using the microseismic-derived fracture permeability values in a reservoir model.

FIGURE 1. The engineering workflow for deriving a fracture permeability model will be used in the reservoir model for simulating the 

interactions of the parent and child wells. (Source: MicroSeismic Inc.)
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lated volumes. Five years of production data were also used to calibrate the 

fracture permeability model.

Figure 1 demonstrates the microseismic engineering workflow that was used 

to analyze the impact of the child/parent interactions. It begins with map-

ping “when” and “where” the rock is breaking for both wells (Figure 1a). The 

outlines of the microseismic event clouds of each well are used to illustrate 

when and where the child well interacted with the parent well. For instance, a 

symmetric hydraulic fracturing zone around a well was expected when there 

are not any interactions with nearby wells or geology. This type of geometry/

behavior can be seen in the outline for the parent well as well as along the 

southern half of the child well (Figure 1a); this is the expected behavior of a 

well treated in isolation. 

Regarding the interactions of the child well and the parent well, this can 

be clearly seen as the abrupt change in symmetry of the child when adjacent 

to the parent well. This type of asymmetry is commonly seen and happens as 

soon as the child well treatment stages become aligned with the parent well 

fracs. Although the parent well’s pressures were not being monitored for frac 

hits, there was a significant increase in water production and in the water-oil 

ratio from the parent well that can arguably be due to frac hits coming from 

the child well. 

The discrete fracture network (DFN) model in Figure 1b was derived for 

each microseismic event that will be used to create the normalized fracture 

permeability model. The area and orientation of each fracture was deter-

mined from the amount of energy and waveform characteristics of each event. 

Fracture apertures are then calculated using empirical relationships with the 

length of the fracture planes. This DFN model is then calibrated to the total 

injected volume, corrected for fluid efficiency, and the bulk density of the 

injected proppant (it is important to note that the child well had 45% more 

injected slurry volume than the parent well). By scaling the DFN, it is possible 

to account for microseismic events that were too small to detect. The frac-

turing geometries for each treatment stage are used to guide the proppant 

from the perf clusters and out through the total DFN until all the material has 

been placed. This results in a subset of the DFN model that is classified as the 

propped DFN (Figure 1c). 

One of the most important steps in modeling the impact of the child well 

on the parent well is not just the stimulated rock volume (SRV) of both DFN 

models but the fracture permeabilities calculated inside each cell of the 

SRV (Figures 1d and 1e). These fracture permeabilities are calculated from 

the number, orientation and apertures of fractures in each grid cell. These 

normalized fracture permeability models (Figures 1d and 1e) are then inte-

grated into a reservoir model (Figure 1f) and calibrated for frac as well as 

depletion modeling.

A cross section of the pressure depletion around the parent well after four 

years of production is shown in Figure 2a. It was calibrated using the pro-

duction data. The pressure contours are fairly symmetric around the well, as 

is expected for a well drilled and completed in isolation and not affected by 

nearby depleted areas. At this point, the parent well was shut in for the stimu-

lation of the child well.

Figure 2b shows approximately four years and one month of production, 

which includes the contribution from the child well. The outer pressure 

contour is shared by both wells and may suggest possible communication in 

GEOMECHANICS
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production. The inner pressure contours of each well 

are very different. For instance, the child well shows 

that it has 50% more pressure depletion than the 

parent well, and this can be attributed to improved 

treatment designs. 

Figure 2c shows that after one year of child well pro-

duction the pressure depletion around the child well 

is much greater than of that around the parent well 

and can be attributed to the differences in treatment 

design. The modeling also shows that the pressure 

depletion contours are strongly biased toward the par-

ent well. Although it may not be surprising that the 

pressure depletion matches the 

fracture distribution, there is a 

substantial amount of hydrocar-

bons left in place on one side of 

the child well due to child/par-

ent interactions. 

There are several mitigation 

strategies that could have been 

implemented in this scenario that 

may have minimized the impact 

of the child/parent interactions 

on the completions of the child 

well. The more costly strategies 

include injecting fluids into the 

parent well to increase pres-

sures to just below or above the 

fracture gradient. This method 

could have proven successful; 

however, in this instance, the 

operator chose the simple and 

minimal-cost approach, which 

was to simply shut in the parent 

well during the stimulation of the 

child well. Although the parent 

well did suffer from frac hits, the 

calibrated fracture permeability 

model shows that the impact of 

these frac hits was short lived.

Figure 2c shows the hypothet-

ical locations of future wells 

that could be modeled with the 

information yielded by the micro-

seismic engineering workflow. 

From this workflow, the reservoir 

model now contains the cali-

brated fracture permeabilities for 

different completions designs. 

This model can then be used to 

model different scenarios to find 

optimum well spacing, landing depths and completions 

designs on a much larger scale.

One of the unique outcomes of this case study was the 

observable differences in the microseismic responses 

between the different treatment designs. There is no 

reason that the same refinements to treatment design 

could not have been made in real time. 

In summary, production performance changes due to 

the interaction between parent and child wells, as well 

as the difference between treatment designs, can all be 

modeled using the microseismic-derived fracture per-

meability values in a reservoir model. 

GEOMECHANICS

FIGURE 2. Cross sections show the pressure depletion around the parent well and then parent 

and child wells using the calibrated fracture permeability model. (Source: MicroSeismic Inc.)
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DRILLBITS

Todd Strasburger, Rana Ahmad and  

Claire Kennedy Platt, NOV

D
rilling Woodford wells in Southern Oklahoma 

increases risks of PDC cutter damage caused from 

high chert content. This abrasive formation can lead to 

fast bit wear and result in broken cutters through ther-

mal degradation. Changes in lithology and compressive 

strength create impact damage caused by bit and bot-

tomhole assembly vibration. The thin strata of black and 

cherty shale can require a higher number of trips and 

damage aggressive bits beyond repair, proving costly for 

Midcontinent operators. Challenges drilling through 

the Woodford Formation have increased demand for 

bits and cutters with improved durability for better per-

formance. Advances in application-specific cutter and 

bit designs have enabled operators to increase success in 

the Midcontinent area. Proprietary bits and cutters from 

National Oilwell Varco (NOV) have allowed operators to 

decrease damage, increase ROP and drill a higher aver-

age interval compared to offsets within the area, saving 

drilling time and contributing to operational savings. 

Design process
For more than two years, bit designers and engineers 

at ReedHycalog, a business unit of NOV, continuously 

tested application-specific bits and cutters in the Wood-

ford application, iterating and creating new designs 

based on performance results. The introduction of the 

SK713M series of bits met the initial call for durability 

and provided an immediate benefit in footage drilled. 

In initial 2016 test runs in the upper Woodford appli-

cation, a customer partnering in product advancement 

trialed numerous runs with the initial frame and the use 

of existing premium cutters. 

While drilling through the chert, the frame experi-

enced damage in the cone, prompting bit designers to 

alter the cutting structure to include ReedHycalog Torc 

Blocks in the cone. This step change coordi-

nated with implementation of an aggressive 

cutter testing program, which ReedHycalog 

worked on in partnership with a large PDC 

cutter vendor. Feature additions and small 

modifications to the first generation of 

ReedHycalog bits made a positive step change 

in durability, with the trade-off of reduced 

ROP in the targeted application. 

A test run using this new layout in the 

SKC713M reduced cone damage and elim-

inated core outs but resulted in a 10% 

reduction of ROP in the application. ROP 

and durability rarely coexist in most drill-

ing applications, and that is true in the 

Woodford application as well. Designing 

bits that can maintain durability requires 

sacrificing certain design features that lend 

to high ROP. In 2018, following continuous 

adjustments to the cutter designs, the pro-

prietary layout and features enabled oper-

ators to decrease the number of runs and 

increase footage by 50% while achieving 

top-tier ROP results. 

Addressing the drilling challenges 
of Midcontinent chert   

Application-specific bit and cutter designs improve performance in Woodford application.

A cutter layout provided additional durability across the primary cutting  

structure. (Source: NOV)
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Designers and engineers introduced an alter-

nating cutter pattern that also included Torc 

Blocks in the cone. The current version of the 

layout features a mix of 3-D-shaped and full 

round cutters placed strategically to maximize 

the potential benefit of each cutter type. The 

ReedHycalog cutter technology offers a com-

bination of thermal, abrasive and mechanical 

durability. Ion 3-D shaped cutters provide higher 

point-loading capabilities, resulting in a more 

efficient cutting structure. The mix of shaped 

and full round cutters maximizes the benefits 

from each cutter type, resulting in significant 

performance improvement. 

The concept and success of the TKC73 and 

SKC713M series of bits from ReedHycalog have 

proven beneficial for operators drilling in the 

Scoop Woodford application. Compared to the 

standard offset in Woodford applications, the bit 

has enabled higher ROP with fewer trips.

Case studies
In a fourth-quarter 2018 Scoop Woodford lateral 

where interval drill exceeded 1,219 m (4,000 

ft), the 8.75-in. TKC73-D1 drilled the fastest 

interval and the second longest footage drilled 

in a 4.8-km (3-mile) offset. The total interval drilled was 

1,894 m (6,215 ft) at 17 m/hr (58 ft/hr) and the bit 

was pulled repairable. The best competitor offset run 

lacked 25% of the footage drilled and was nearly 30% 

slower in ROP. The top offset for footage drilled was 

the SK713M-K1, a design used prior the TK73. This run 

exhibits the continuous effort to iterate new, successful 

designs for this application.  

In another fourth-quarter 2018 run in Garvin County, 

the 8.75-in SK713M-K1 with an alternating cutter lay-

out was run in a Woodford C lateral. The bit drilled 

2,575 m (8,448 ft) at 15 m/hr (49 ft/hr), achieving the 

longest interval drilled in the Woodford C zone when 

compared to wells drilled by the operator in a 4.8-km 

radius since January 2018. The performance nearly 

doubled the best competitor offset and held great ROP, 

outperforming designs with lower blade counts while 

maintaining durability. 

In the first quarter of this year, the 8.75-in. SKC713M-K1 

drilled the longest Woodford interval within a 4.8-km 

radius compared to offset bit runs at depths greater than 

4,877 m (16,000 ft). The bit drilled 1,839 m (6,033 ft) at 

13.3 m/hr (43.6 ft/hr) and was pulled out in good condi-

tion at target depth. This was the top offset run by footage 

drilled by nearly 30% and was the second highest ROP 

recorded in the offset, only finishing second to the same 

design on a shorter offset run.  

Conclusion
The latest success using bit and cutter designs from 

NOV opens opportunities to improve drilling perfor-

mance in abrasive Woodford applications. As the market 

matures and operators become more knowledgeable of 

drilling parameters in the Woodford, bit designers at 

NOV will continue adjusting designs and make accom-

modations for higher speed motors and higher torque 

values. Regional design engineers will focus on field 

results to develop application-specific designs. 

Working closely with cutter vendors, the ReedHycalog 

team will continue to analyze dulls and provide feed-

back from performances and testing results. This pro-

cess with cutter vendors will drive new cutters that focus 

on addressing the needs of not just the application but 

possibly the specific position on the bit. 

The locally based engineering team will continue to 

work with the sales team to conduct internal cutter test-

ing, enabling trial of new shapes and efficient turn-

around of products optimized for continuous improved 

performance and more cost-effective drilling in the 

Midcontinent region. 

DRILLBITS

Application-specific cutters and optimized design show even wear across the 

cutting structure, delivering improved and consistent results. (Source: NOV)
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DRILLBITS

Wayne Rodrigue, Jr., Ryckman Callais and Ashabikash 

Roy Chowdhury, Baker Hughes, a GE company 

I
nterbedded formations, deep wells where a long drill-

string is used and high-inclination wells with increased 

potential of drillstring interaction with the formation 

can all induce torsional vibrations. The result is inef-

ficient drilling and damage to bottomhole assembly 

(BHA) components. 

Due to their higher ROP potential, PDC bits are com-

mon bits of choice for many applications; however, due 

to their shearing action, PDC bits generally exhibit a 

higher level of torque fluctuation.

Historically, PDC bits use fixed depth-of-cut (DOC) 

control technology to address the torsional dysfunction 

by restricting bit/formation engagement at a predeter-

mined ROP and drillstring rpm. The challenge of using 

fixed DOC control is finding a compromise between 

limiting torque fluctuation without limiting ROP. 

Baker Hughes, a GE company (BHGE), has devel-

oped the TerrAdapt adaptive drillbit, which can deliver 

improvements in drilling economics by using adaptive 

technology for mitigating downhole torsional dysfunc-

tion to improve drilling efficiency and to avoid costly 

downhole tool failures. 

With its self-adjusting DOC control elements, the 

TerrAdapt bit automatically adjusts its DOC with chang-

ing lithology and drilling conditions, mitigating stick/

slip and eliminating manual parameter adjustment 

required at surface to manage torsional dysfunctions. 

The ability to autonomously and rapidly adapt to chang-

ing drilling environments frees the TerrAdapt bit from the 

limitations of fixed DOC control and enables a single PDC 

bit to be used for a wider range of applications.

Self-adaptive technology 
Adaptive DOC control cartridges installed inside 

the fixed blades autonomously extend when sudden 

changes in DOC is detected, preventing the bit from 

taking too large a bite. When normal drilling conditions 

prevail, the cartridges slowly retract to enable the maxi-

mum ROP for that section of rock.

Retractable ovoid elements protect cutters from 

any sudden overload or shock that could damage the 

TerrAdapt bit’s cutting structure, improving the dura-

bility of the bit/BHA.

Case histories
Two case histories highlight the importance of improved 

torsional stability and its direct impact on drilling per-

formance improvement. In the first example, the target 

well was in the Walker Ridge area of the Gulf of Mexico 

(GoM) in a water depth of about 2,895 m (9,500 ft). A 

1,078-m (3,536-ft) tangent section was to be drilled at 

a 34-degree inclination with a rotary steerable system 

(RSS) BHA and a 12¼-in. bit to more than 9,144 m 

(30,000 ft) measured depth. The increased water depth 

and long tangent section through interbedded sand/

Self-adaptive PDC bit technology 
reduces drilling dysfunction in 

deepwater wells   
Real-time drilling dynamics data demonstrate technology’s effectiveness  

for sustained drilling performance improvement.

Self-adaptive bits have independent removable hydromechanical 

cartridges that are placed in the primary blades and are locked in 

place. Ovoids gradually retract under normal drilling conditions, 

reducing the engagement and increasing aggressiveness. During 

a dynamics event due to a negative drilling break, ovoids rapidly 

engage and reduce undesired loading of cutting elements.  

(Source: Baker Hughes, a GE company)
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shale sequence increased the likelihood of stick/slip 

due to higher torsional elasticity of the long drillstring. 

It also increased potential contact with the wellbore 

while lying on the low side of the tangent section of the 

well. The interbedded formation acted as a potential 

trigger of torsion instability due to changing DOC.

Offset data showed that a PDC bit run in a nearby well 

drilled 992 m (3,255 ft) of formation at 14.9 m/hr (48.9 

ft/hr), indicating increased drilling efficiency and dura-

bility through the interbedded interval could potentially 

deliver better performance and save rig time. 

To increase drilling efficiency, BHGE recommended 

a 12¼-in. TerrAdapt adaptive drillbit with seven blades, 

16-mm cutters and shaped diamond elements for lateral 

vibration mitigation.

Analysis of downhole vibration severity levels against 

the percent of the bit run indicated that 97% of the 

run was free from stick/slip. Analysis also indicated 

the absence of any lateral and axial vibration during 

the run. The absence of axial vibration was expected, 

because it is typically associated with roller cone bits. 

The near-absence of stick/slip demonstrated the effec-

tiveness of the self-adaptive technology and enabled the 

section to be drilled in a single bit/BHA run, which was 

an objective. 

The improved torsional stability of the bit led to 

significant improvements in ROP, and the section was 

drilled with a 48% higher ROP than the previous best 

offset, saving the customer 23 drilling hours. The bit 

had a dull grade of 1-1-WT-A-X-I-NO-TD. All cartridges 

tested as fully functional upon return and disassembly, 

which is significant because this was the deepest that a 

self-adjusting PDC bit had been run, and the cartridges 

were exposed to significant downhole pressure.

The second target well was located in the Green 

Canyon area of the GoM, where the water depth was 

about 823 m (2,700 ft). A 1,316-m (4,319-ft) tangent 

section was to be drilled at a 17-degree inclination 

with the AutoTrak RSS with continuous proportional 

steering and a 12¼-in. bit. For ease of running casing 

and for lowering the equivalent circulating density, a 

14½-in. concentric reamer was used for hole enlarge-

ment. The formation to be drilled in this section was 

predominantly argillaceous, with several layers of sand-

stone. The interbedded section, with reamer in BHA, 

increased the likelihood of bit-reamer mismatch and 

potential drilling dysfunction. 

An offset data review indicated a PDC bit run in a 

nearby well drilled 1,372 m (4,500 ft) of formation 

at 19.8 m/hr (65.2 ft/hr). It was recognized that an 

increased drilling efficiency using self-adjusting PDC 

drillbit technology could potentially deliver better per-

formance and save rig time. BHGE recommended a 

12¼-in. TerrAdapt adaptive drillbit with seven blades, 

16-mm cutters and self-adaptive DOC control technol-

ogy. The bit also was equipped with shaped diamond 

elements for lateral vibration mitigation.

Analysis of vibration severity levels indicated that 98% 

of the run was free from stick/slip. The absence of axial 

vibration was expected, as it is typically associated with 

roller cone bits.

Near absence of stick/slip highlighted the effective-

ness of the TerrAdapt self-adaptive technology and 

enabled the section to be drilled in a single bit/BHA 

run, which was an objective. 

The 1,412-m (4,652-ft) long, 12¼-in. by 14½-in. inter-

bedded tangent section of the target well was drilled at 

34.9 m/hr (114.7 ft/hr). This was a 57% improvement 

over the offset PDC run that drilled a 1,372-m section at 

19.8 m/hr (65.2 ft/hr).

Improved drilling performance in the target well 

resulted in 28.5 hours of rig time savings for this sec-

tion, which was a significant value for the operator. The 

drilling performance improvement was attributed to 

lower vibration that lead to higher drilling efficiency 

achieved by self-adaptive technology due to its ability to 

provide a stable on-bottom drilling environment. 

Conclusion 
The application of self-adaptive technology coupled with 

shaped diamond elements helps operators achieve their 

goal of drilling efficiency improvement. It also provides 

cost savings for drilling operations by enhancing torsional 

stability, delivering higher ROP, mitigating lateral vibra-

tion and helping in-bit/reamer synchronization. 

DRILLBITS

TERRADAPT DRILLBIT PERFORMANCE

The 1,412-m long, 12¼-in. by 14½-in. interbedded tangent section of the 

target well was drilled at 34.9 m/hr. This was a 57% improvement over 

the offset PDC run that drilled a 1,372-m section at 19.8 m/hr.  

(Source: Baker Hughes, a GE company) 
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Daniel Brietzke, Duncan McAllister and  

Danny Tilleman, Varel International

P
DC bit performance in the build section of direc-

tional wellbores is complicated by many factors, 

including the formation, wellbore geometry, the bot-

tomhole assembly (BHA) design and how the curve is 

drilled. Effectively managing these dynamics to address 

the specifics of each drilling application is key to opti-

mizing steerability and efficiency. 

In Canada and Oklahoma, customized directional 

bits that deliver consistent yield by closely managing 

toolface control and side-cutting capabilities are success-

fully drilling build sections to reliably reach objectives 

at significantly higher penetration rates. The first use of 

MARKSMAN Directional PDC Drill Bits more than dou-

bled the average rate achieved with offset hybrid bits.

Combined effort
The directional bits developed by Varel Oil & Gas Drill 

Bits are based on a highly adaptive design methodology 

that closely manages toolface control and side-cutting 

capability to achieve performance objectives for a very spe-

cific set of application factors. The bits incorporate mul-

tiple features including a stepped gauge to complement 

motor bend, custom cone geometry for toolface control 

and high-density cutting structure for side cutting.

Varel builds on design experience and directional 

drilling knowledge to understand the application and 

collaborates with operators and directional drillers. 

Proprietary software is used to quickly and precisely 

explore options, identify the optimal solution and put a 

higher performance bit in the field faster. 

Directional fundamentals
Directional bit design is broadly focused on optimizing 

ROP and steerability to drill the curve section as quickly 

and consistently as possible. Cutting structure aggres-

siveness, steady torque, directional control and dynamic 

stability are key factors in the equation, along with dura-

bility to reduce bit costs and increase time between trips. 

The MARKSMAN bit design process involves under-

standing how cutter size, blade profile, gauge length and 

other factors influence efficiency and steerability in a given 

wellbore geometry and geology. Efficiency gains depend 

on how effectively this knowledge can be applied. These bit 

considerations must complement the BHA design to maxi-

mize performance while drilling the build section. 

Enhancing efficiency
Performance-based MARKSMAN bit methodology 

enhances efficiency by optimizing two key aspects of 

steerability: toolface control and side-cutting capability. 

Modifications to benefit bit and BHA performance may 

include precise variations in cutter orientation, cutter 

size, cutter density and the bit profile. 

A passive toolface for greater steerability is achieved 

by reducing the aggressiveness of the cone area toward 

the center of the bit. The design features a shallow cone 

angle and progressively lower cutter aggressiveness from 

the shoulder to the center of the cone. A less aggres-

sive, higher angle cutter back rake toward the center of 

the bit minimizes reactive torque and increases steering 

response. The transition to a more aggressive cutter 

orientation on the shoulder enhances side-cutting capa-

bility and makes the bit easier to steer. 

The software used in developing MARKSMAN bit varia-

tions enables a fast, accurate response to specific applica-

tions. PDC Designer cutting structure design software sim-

ulates scenarios based on actual lithology. The interpreted 

data are used to assess performance such as lateral stability, 

durability and aggressiveness. The finished data are directly 

imported into computer-assisted drafting (CAD) software. 

DIG-IT software uses the data for in-depth analysis. The 

application runs drillbit simulations in complex drilling 

scenarios such as directional applications. It allows engi-

neers to use 3-D CAD bit models to simulate rock interac-

tions such as gauge or blade-top contacts. 

The flexibility of the directional PDC bit design 

approach is illustrated by initial drilling applications 

in Canada and Oklahoma. The Canadian bits are six-

bladed with 11-mm cutters (611); in Oklahoma, they 

are typically 513 or 613 variations. 

First field use 
In the first MARKSMAN application, a 6.25-in., 611 bit 

more than doubled build section ROP compared to 

11 offset hole sections drilled with PDC/roller cone 

Hitting the mark   
Curve drilling performance is targeted through customized  

PDC toolface and side-cutting design.
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hybrid bits (Figure 1). A similar improvement 

was achieved in a second Canadian field for the 

same operator. 

The lithology in the curve sections of these 

wellbores is a mix of hard sandstone and shale. 

The long-running drilling program typically 

builds an angle from zero to 90 degrees in about 

305 m (1,000 ft).

The directional PDC bits were built specifically 

for the application with premium cutters and a 

low depth of cut. Collaboration with the opera-

tor led to a BHA change to a higher rpm motor. 

Smaller cutters reduce torque for better toolface 

control. The cutters allow a higher cutter den-

sity that more broadly distributes the point load 

among more cutters to manage depth of cut. 

Along with a less aggressive cutter back rake, 

the design minimizes reactive torque to allow 

the use of a high-speed motor. Premium cutters 

addressed the heat generated by the greater rpm. 

The January run in the Sundance Field drilled 

the curve section of 500 m (1,640 ft) at 24 m/hr 

(79 ft/hr) ROP, building from 16 degrees to 90 

degrees. In field offsets drilled in 2018, the average 

for the field-standard hybrid bits was 11 m/hr (38 

ft/h) over a 320-m (1,050-ft) curve section. The 

Varel bit was pulled for a BHA change and showed 

little wear with all cutters in a reusable condition. 

In March a second run in the Kakwa Field 

(a slightly tougher drilling area) used the same 

design bit to build the 341-m (1,118-ft), 0-degree 

to 89-degree curve at 13.9 m/hr (45.7 ft/hr) ROP. 

The offset average using the hybrid bit was 384 m 

(1,262 ft) at 8.8 m/hr (29.1 ft/hr). The Varel bit 

dull was in excellent condition.

Oklahoma runs
Operators in Oklahoma’s Stack and Merge plays are 

also successfully using specially designed directional 

bits in the build sections of wells. The applications 

generally build from 0 degrees to 90 degrees in 183 m 

to 213 m (600 ft to 700 ft), with build and turn curves 

adding 30 m to 61 m (100 ft to 200 ft). The lithology of 

the Stack and the Merge may vary in the curve sections, 

and drilling typically encounters variable compressive 

strengths and some intervals that are not conducive to 

toolface control. 

The Oklahoma bits apply MARKSMAN design funda-

mentals of toolface control and side-cutting capability. 

However, the different lithology and operator drilling 

parameters result in different bit configurations compared 

to the Canadian applications. There are two primary 

designs being used in the field: an 8¾-in. 513 and 613.

The first run in March was in the Merge play and 

drilled the 209-m (687-ft) build section from 15 degrees 

to 90 degrees in 15 hours for an overall ROP of 14 m/

hr (47 ft/hr). When Merge runs of two identical bits 

were compared to competitor averages, the directional 

PDC bit design drilled 19% faster (Figure 2). 

Drilling build sections quickly and consistently is key 

to directional drilling performance. By customizing 

toolface control and side-cutting capabilities to the 

application, Varel’s MARKSMAN Directional PDC Drill 

Bits optimize steerability and efficiency to dependably 

complete directional targets across a broad scope of 

wells and lithologies. 

DRILLBITS

RC/PDC HYBRID

Competitor A

V611PDG1UX 

V613P

M
ea

su
re

d
 D

ep
th

 (
ft)

M
ea

su
re

d
 D

ep
th

 (
ft)

R
O

P
 (

ft/
h
r)

R
O

P
 (

ft/
h
r)

8,000

8,500

9,00

9,500

10,000

10,500

11,000

11,500

8,000

8,200

8,400

8,600

8,800

9,000

9,200

9,400

9,600

9,800

10,000

90

80

70

60

50

40

30

20

10

0

60

50

40

30

20

10

0

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor A
V613P

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor B

RC/PDC HYBRID

Competitor A

RC/PDC HYBRID

Competitor B

Drilled ROP

Drilled ROP

INTERVAL DRILLED vs. ROP

FIGURE 1. The first run of a 6.25-in., 611 MARKSMAN bit (green) more than doubled 

build section ROP in a Canadian wellbore. (Source: Varel International)

FIGURE 2. In the first two Oklahoma runs, the Varel MARKSMAN bits (green) were 

best in class. (Source: Varel International)
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Shafeeq Khan and Christine De Sario, BJ Services 

T
he diverse quantity of public data available today makes 

it possible to explore the impact of various completion 

factors on production. The market has changed consider-

ably over the last few years, consistently pushing to produce 

more with less in a shorter period of time. Efficiency gains 

through fluid chemistry, equipment performance and 

logistics have arguably become as important as the EUR. 

Strides made in any of these areas to decrease the time 

from drilling to production have become a top priority. 

One of the major areas of focus for BJ Services has 

been fracturing fluids systems. Hydraulic fracturing oper-

ations tend to have added complexity, which oftentimes 

increases the need for logistical management and project 

costs. One way to eliminate some of these complications is 

by developing fluids that can be tuned to work in a variety 

of applications and environments. Homing in on a fluid 

system that will provide flexibility to work in different 

water qualities and applications and yet provide produc-

tion uplift has been a challenge, especially in places such 

as the Eagle Ford. High-rate and high-pressure jobs in 

low-permeability formations have become the norm, and 

with the overall trend moving toward executing mostly 

slickwater designs, an adaptable fluid is needed. 

Public databases can provide large amounts of data, 

but it is very important to scrub through these datasets 

Improving operational efficiency 
and production by selecting the  

right fluid design  
Adaptable fluids are needed for high-rate, high-pressure frac jobs.

This chart compares 12-month production results from fracs using crosslink gels, hybrid fluid systems and slickwater fluids.  

(Source: BJ Services)

AVERAGE 12-MONTH PRODUCTION
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and use only good, relevant data 

that make sense. Using knowledge 

of completion design, geology 

and fluid chemistry helps in 

understanding and using data to 

demonstrate trends for what fluids 

may work best in a given area. 

Using the public database to inves-

tigate a 16-km (10-mile) radius in 

the Eagle Ford, there have been 

about 927 horizontal wells drilled 

and completed. After analyzing the production per 

well by fluid system, the data show that wells completed 

using slickwater designs have a better 12-month produc-

tion compared to wells completed with slickwater cross-

link hybrid or crosslink designs. 

Additionally, the public domain can be used to drill 

down farther and examine more specific cases. One 

area of interest is where BJ Services has pumped its own 

proprietary friction reducer. Within the aforementioned 

16-km radius, there are 120 iden-

tified wells that were completed 

using a slickwater design. Seventy-

eight of those wells were completed 

using conventional friction reduc-

ers and 40 wells were completed 

using BJ Services’ friction reducer. 

The normalized monthly produc-

tion comparison shows that the 

wells completed with BJ Services’ 

friction reducer performed better 

in the first 13 months of recorded production. 

Slickwater fluids consist of only friction reducer and 

other miscellaneous chemical additives (biocide, scale 

inhibitor, etc.) in the base fluid, whereas there are mul-

tiple chemicals needed to build viscosity to carry higher 

proppant concentration in linear gel and crosslink jobs. 

Multiple chemicals increase location footprint due to 

more equipment needed. This increases the number 

of equipment operators on location as well as chances 

HYDRAULIC  

FRACTURING

Efficiency gains  

through fluid chemistry, 

equipment performance 

and logistics have  

arguably become as  

important as the EUR.
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of nonproductive time (NPT) due to equipment break-

down or logistics uncertainties.

Though production improvements are significant for 

the operator, there are a multitude of ways to improve 

efficiency throughout the fracturing operation. BJ 

Services pumped more than 4,000 stages in 2018 with 

its friction reducer in all major basins in the U.S. and 

Canada. The engineered polymer backbone is designed 

for a clean, efficient break with little to no formation 

or proppant pack damage. It leaves no residue in the 

proppant pack or formation when compared to that 

left behind by pumping conventional friction reducers 

or guar-based linear gels, thus enhancing hydrocarbon 

recovery. It is a single fluid system that provides instant 

friction reduction at lower loadings and provides prop-

pant carrying capacity at higher loadings. This flexibility 

of application drives operational efficiency by eliminat-

ing the additional chemicals and equipment needed for 

slickwater linear gel hybrid design. 

In cases where BJ Services has run its tunable friction 

reducer, improvements such as a decrease in pump 

time and a reduction in NPT have been observed. The 

operator also benefited from more simplified logistics 

by using only one chemical as opposed to having to 

order, deliver and set up a linear gel or crosslink job, 

which would require three to four chemicals and addi-

tional equipment. Eliminating additional chemicals and 

equipment results in a smaller equipment footprint, 

which decreases project costs, onsite maintenance and 

the risk for NPT associated with the equipment. 

Case study
One specific application was on a two-well zipper pad, 

where a conventional friction reducer was used for the 

first 10 stages. The operator observed very high treating 

pressures and switched to BJ Services’ friction reducer 

on the remaining stages thereafter. An average of 1,175-

psi reduction in average surface treating pressure was 

observed throughout the remainder of the stages on 

both wells, decreasing the horsepower requirement. 

The ability to tune the friction reducer to run at higher 

concentrations while pumping enabled the operator to 

increase the fluid viscosity easily and thereby transport 

proppant farther when needed. Though the initial load-

ing of friction reducer was 1 gpt, after achieving positive 

results, the loading was optimized to 0.5 gpt. Overall, 

there was 20% less product consumed when compared 

to the conventional friction reducer. 

The single-fluid, tunable system enabled the remain-

ing stages to be completed faster than the initial 10 

stages where the conventional friction reducer was run. 

The operator switched over to this technology when 

completing subsequent wells and saw less NPT, shut-

downs and screenouts. 

A normalized monthly production comparison shows that the wells completed with BJ Services’ friction reducer performed better in 

the first 13 months of recorded production. (Source: BJ Services)

AVERAGE NORMALIZED PRODUCTION
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Stacey Meredith, Baker Hughes, a GE company

I
n many unconventional plays across North America, 

the frantic pace of drilling operations at the begin-

ning of the shale boom brought with it widespread use 

of multizone plug and perf (PNP) as the completion 

method of choice. By some industry estimates, 80% or 

more of hydraulically fractured wells are completed 

via PNP, thanks to the greater flexibility the technique 

affords in designing stimulation jobs. 

But in today’s highly cost-conscious environment, get-

ting to first oil as efficiently as possible is critical to any 

shale operation’s bottom line. While PNP provides cost 

savings to a well’s completion design over options like per-

manently installed sliding sleeves, operators continue look-

ing for new ways to further optimize well completions. 

Addressing the inherent design challenges with tra-

ditional composite frac plugs is a good place to start. 

Conventional plugs are composed of hard, dense com-

ponents that are difficult to mill out and create large 

chunks of heavy debris that do not easily circulate to 

surface. The length of traditional plugs also increases 

the amount of material that must be milled out and 

circulated across multiple zones. In wells containing 50 

or more frac plugs in a lateral that is 1.6 km (1 mile) 

or more in length, the mill-out process can quickly 

become lengthy and costly. 

A lightweight alternative
Built from an engineered alloy that is 70% lighter 

than conventional plug slip material, the MILLITE 

frac plug from Baker Hughes, a GE company (BHGE), 

was designed to help cut completion costs and reduce 

time to production. The new plug incorporates design 

and material features specifically aimed at improving 

the speed and efficiency of installation, run-in, sealing 

and millout. 

The plugs arrive at the well site with a field-ready 

wireline mandrel that simplifies assembly. The plug 

tension mandrel screws onto the setting tool at the end 

of the wireline, without the need for set screws, pins or 

complex adapter kits that are common for conventional 

plug installations. This feature affords ease of connec-

tion for any wireline crew or company performing the 

PNP on a well. 

During run-in, each plug has a wear- and impact-resis-

tant bottom sub that transfers any impact resistance up 

through the tool as opposed to the slips or elastomer. 

This feature virtually eliminates the risks of presets, 

even as the plug passes through higher dogleg angles 

and extended laterals, and enables safer and faster trips 

in hole at average run-in rates of more than 183 m/min 

(600 ft/min). 

Unlike conventional composite plugs with heavy 

cast iron slips or ceramic buttons, the new frac plug is 

designed with a proven friction-based slip anchoring sys-

tem and packing element that holds it firmly against the 

casing at pressures of up to 10,000 psi during fracturing. 

During millout of conventional plugs, transitions 

between composite, cast iron and ceramic materials 

often cause ROP fluctuations that can accelerate tool 

wear and may necessitate additional trips to reach the 

toe. The lightweight plug is built entirely from the same 

Frac plug advances drive faster, 
easier millouts  

A new plug design cuts completion costs and reduces time to production.

The MILLITE lightweight frac plug incorporates design and  

material features specifically aimed at improving the speed 

and efficiency of installation, run-in, sealing and millout.  

(Source: BHGE)
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alloy material and contains no iron or ceramic parts; 

therefore, it mills out more easily and with less torque. 

This design also extends motor life and ensures more 

consistent ROP from heel to toe. 

With a length of 13 in., the MILLITE plug is one of 

the shortest plugs in the industry. This compact size 

further assists faster run-in speeds and easier millouts, 

without sacrificing sealing strength.

Post fracturing, the cast iron and ceramic compo-

nents of conventional plugs complicate the cleanout 

process, particularly in wells with low bottomhole pres-

sures. These components generate heavy debris that 

can settle to the bottom of the well’s lateral section and 

pile up in the heel, necessitating expensive gel sweeps 

to circulate out of the well. 

With a specific gravity of only 1.8 and a lattice struc-

ture that generates smaller cuttings, the new plug 

improves debris flowback and minimizes cleanout 

requirements for faster post-frac interventions. The 

plug’s finer debris floats easily up and out of the well 

without the need for extra sweeps or costly chemicals. 

And its compact design ensures a lower overall volume 

of debris per plug compared to conventional plug 

debris volumes.

Amassing field successes 
An operator conducting PNP completions on a seven- 

well pad in South Texas was looking for a plug option 

that would improve operational efficiency by easing 

installation and increasing run-in and drill-out speeds. 

The operator approached BHGE for help with its com-

pletion plans.

The wells had measured depths ranging from 4,481 m 

to 4,877 m (14,700 ft to 16,000 ft) and laterals measur-

ing approximately 1,707 m (5,600 ft). The completion 

plan required 190 MILLITE plugs deployed over the 

seven-well pad. 

Each plug installed easily and as intended, without 

prematurely setting. At the completion of fracturing 

operations, the operator deployed a milling bottom-
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hole assembly (BHA) and milled out all plugs with zero 
motor stalls or short trips. This ease of installation min-
imized intervention times and eliminated the need for 
coiled tubing (CT) cycling. 

Drill-out time averaged from 4 to 10 minutes per plug, 
with a total per-well average of 20 to 28 hours from tag-

ging the first plug to getting through the 
last plug. Compared to millouts in wells 
using conventional composite plugs, this 
operation saved approximately 8 hours 
per well on the drillout. 

The ease of plug millout was evidenced 
by the minimal wear observed on the 
bit after pulling it back to the surface. 
Because each plug milled out with 
smaller and lighter cuttings, the operator 
was able to reduce its cleanout chemical 
spend by about 50%, a $13,300 savings 
per day. The seven-day job saved approx-
imately $93,000 on chemical cleanouts. 
The operator was satisfied with these sav-
ings and plans to use the new frac plugs 
in its next four-well pad. 

The new plug also helped an operator 
in Colorado accelerate its plug-milling 
operations and improve debris removal. 
A total of 22 plugs were set at regular 
intervals in a trial well with a measured 
depth of 3,292 m (10,800 ft) and a lat-
eral section measuring 1,341 m (4,400 
ft). The plugs were run in at an aver-
age speed of 229 m/min (750 ft/min) 
without issue. Clear pressure signatures 
were observed as balls were landed on 
the plugs at 25 bbl/min, confirming 
the plugs remained anchored in place 
during treatment diversion.

After fracturing operations were com-
plete, a milling BHA was deployed to 
mill out all 22 MILLITE plugs with zero 
motor stalls or short trips, reducing inter-
vention time and minimizing CT cycling 
costs. Per plug mill-out time averaged 5 
minutes, and plug debris easily circulated 
out of the well without the aid of chem-
icals. The milling bit showed minimal 
wear after the operation. The customer 
installed MILLITE lightweight frac plugs 
in an adjacent well, and plans to mill 

them out with the same bit that was used 
on this job. 

Field applications like these demonstrate the uncon-
ventional E&P sector’s need for continuous innovations 
that drive increased efficiencies at lower costs. The new 
plug’s lightweight alloy material and compact design 
are helping operators accelerate their post-frac millouts 
and start producing sooner. 

The wear on the BHGE Vanguard plug bit was so minimal after milling out the MILLITE 

frac plugs, the customer planned to run it again in an adjacent well. (Source: BHGE)
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K. C. Chen, Upwing Energy

T
he basic architecture of electric submersible pumps 

(ESP) has remained unchanged for many decades, 

typically consisting of a pump, motor and protector. The 

protector plays a critical role in the ESP, ensuring that 

the electric motor can function in the hostile downhole 

environment with extreme temperatures, pressures and 

corrosiveness, but the protector is a persistent source of 

ESP failure. If the protector could be eliminated, overall 

system reliability would be greatly enhanced.

To that end, Upwing Energy has applied advanced 

magnetic technologies developed by its parent com-

pany, Calnetix Technologies, to develop a new topology 

for high-speed downhole rotating machinery that does 

not require a protector. This protector-less technol-

ogy has been initially incorporated into a Subsurface 

Compressor System (SCS) and is also the basis for a new 

Magnetic Drive System (MDS) for ESPs.

Protector: The weak link
An ESP typically contains a three-phase induction motor 

driving a multistage centrifugal pump. The components 

are enclosed in a chamber called a protector. The ESP 

assembly is usually tubing hung from the wellhead. The 

produced fluids are pumped into the tubing to flow to 

the surface. A three-phase power cable is strapped to the 

side of the ESP and the tubing goes through the packer 

and wellhead via penetrators to carry electricity from the 

surface to the motor.

The protector contains mechanical face seals to 

isolate the wellbore fluids from the high-dielectric 

mineral or synthetic oil for motor protection, lubrica-

tion and heat dissipation. The hydrodynamic fluid film 

developed between the rotating and stationary parts of 

the face seals requires relatively small pressure differ-

entials across both sides of the face seals to maintain 

the isolation of the wellbore fluids from motor oil. 

The pressure equalization between the wellbore fluids 

and motor oil is accomplished by the bag or labyrinth 

chamber, or a combination of both. The thrusts 

produced by the pump are supported by the thrust 

bearings in the protector via the shaft. The protector 

is critical to the ESP survivability because any failure 

modes of the major protector components to cause 

motor oil contamination or leakage will lead to motor 

and thus ESP failures. 

Past approaches to improve the reliability of the 

protector and the ESP have focused on multiple fronts 

with the goal of avoiding premature failures at the 

component level. Although these efforts have contrib-

uted to evolutionary improvements in ESP reliability, 

they do not address the fundamental issue of improv-

ing intrinsic reliability.

Magnetic building blocks
Figure 1 shows a top-level schematic of the magnetic 

building blocks of the protector-less technology. Mag-

netic thrust bearings take the axial loads from the 

hydraulic section of the pump or compressor. Magnetic 

radial bearings support the radial loads of the shafts of 

the hydraulic section and motor. A male magnetic cou-

pling is situated at the end of the shaft to the pump or 

Protector-less artificial lift technology 
for downhole rotating devices  
Design helps eliminate failure modes of the ESP protector components.

FIGURE 1. Several magnetic technology blocks were arranged in a novel 

way to create a protector-less ESP. (Source: Upwing Energy)
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compressor. Below the male coupling, there is an isola-

tion barrier/can that hermetically seals everything below 

it from produced fluids. The space below the isolation 

can is filled with inert gas or air at roughly atmospheric 

pressure. A female magnetic coupling sits inside the 

inert gas and connects to the shaft of the motors. The 

motor’s torque and power transmits to the pump from 

the female magnetic coupling through the isolation can 

to the male magnetic coupling without the need of a 

physical connection between the shaft to the motor and 

the shaft to the pump or compressor. 

With the motor hermetically sealed by the isolation 

can, the electrical components will not have the risk 

of exposure to downhole fluids. With an isolation can 

and without a shaft, there is no need for the face seals 

on a shaft to prevent the produced fluids from getting 

into the ESP motor. Without the face seals, there is no 

need for motor oil, bags and labyrinth chambers to 

ensure pressure compensation across both sides of the 

face seals. In this case, all the failure modes related to 

the face seals, motor oil, bags and labyrinth chambers 

of the ESP protector are eliminated. Without moving 

parts, the isolation can is much more reliable than a 

face seal in the downhole environment. Without any 

physical contact, magnetic thrust bearings and magnetic 

radial bearings do not have the common failure 

modes of abrasions caused by solids and debris as 

in the case of traditional mechanical bearings. 

For many years, ESPs have had the rotary 

sealed motor (Figure 2a). The motor is isolated 

by the rotary seals, pressure compensated by the 

bag, supported by the mechanical bearings and 

lubricated by the oil. 

The protector-less technology enables the her-

metically sealed motor (Figure 2b). The motor 

is hermetically sealed by the isolation can, trans-

mitting torque by magnetic couplings, supported 

by magnetic bearings and filled with inert gas to 

reduce windage loss.

The next step of the protector-less technology 

is to combine the magnetic coupling with the 

PMM because both the magnetic coupling and 

PMM use magnetic fields to transmit the torque. 

Combining the magnetic coupling and PMM 

by hermetically sealing the stator (Figure 2c) 

makes the system even simpler and thus more 

robust. The motor stator and magnetic bearing 

stator are hermetically sealed by a housing. The 

rotor is fully levitated by the magnetic bearings 

and rotated by the motor stator. The rotor is 

completely exposed to produced fluids in a flow-

through motor configuration. 

If the rotor is connected to a centrifugal pump 

(Figure 2d), an MDS for the ESP is established. The 

advantage of the MDS is the reliability of the electrical 

system and the retrievability of the pump. The entire 

electrical system is hermetically sealed to improve reli-

ability (Figure 2d). The motor rotor and pump, without 

any electrical components, can be easily retrieved by 

slickline. There is no electrical connection between 

the stator and rotor, further enhancing reliability and 

retrievability. Figure 2e shows the stator and the rotor 

of an MDS prototype, and the lower picture shows that 

the rotor is inside the stator, floating and rotating in 

the air.

Conclusion
The protector-less technology has been developed by 

arranging several magnetic technology building blocks 

in a novel way to form a new architecture to protect an 

electric motor in the downhole environment. It can 

replace the protector of the ESP, thus eliminating all 

the failure modes of the protector components, includ-

ing face seals, motor oil, pressure compensation system 

and mechanical bearings. It also reduces the part count 

and cost of conventional ESP systems. 
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FIGURE 2. The next step for protector-less technology is the MDS, which 

provides higher reliability and retrievability for ESPs simultaneously. 

(Source: Upwing Energy)
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Carlos Pazos and Marla Rosner, SparkCognition

T
he oil and gas industry as a whole is underperforming.
According to research by McKinsey & Co., the aver-

age offshore platform is only realizing 77% of its full 
production potential. Multiply that across the industry, 
and that’s 10 MMbbl of oil lost every day to operational 
inefficiencies and $200 billion in potential annual reve-
nue down the drain.

What accounts for this across-the-board loss in pro-
duction potential? The answer lies in the inherent 
complexity of oil and gas operations. Every step in 
production relies on just the right intersection between 
hundreds or even thousands of variables. Data are 
constantly being streamed from tens of thousands of 
sensors, and drilling crews are in control of hundreds of 
variables whose potential combinations of settings range 
in the millions. Amid so much statistical noise, sleuth-
ing out the actual source of inefficiencies—and finding 
a solution for them—becomes an impossibly tall order.

How do you decide which variables to adjust to 
maximize production, and what kind of adjustment is 

needed? Experienced subject matter experts can use 
their accumulated knowledge to come up with probable 
best courses of action based on current sensor outputs, 
but without support from proper analytics tools, these 
judgments are more art than science. And as the num-
bers above prove, the inherent inefficiencies in this 
method are taking their toll on production output.

The right tools for the job
Humans alone may not always be able to make sense of 
the massive amounts of variables involved in oil and gas 
production—but machines can. In fact, problems involv-
ing huge amounts of data and complex variable interac-
tions are precisely where artificial intelligence (AI) and 
machine learning excel. Many oil and gas operators are 
still uncertain of AI, but these technologies are a perfect 
fit for the industry. And returning to McKinsey & Co.’s 
research, advanced analytics could yield a 30 to 50 times 
return on investment within just a few months of imple-
mentation, because analytics is a perfect solution to oil 
and gas operators’ thorny multivariable problem.

Machine learning-powered solutions can be applied 
to improve production efficiency in a number of ways. 

Applying AI to production operations  
Production optimization is a multivariable problem, and operators have options to solve it.

Companies can apply machine learning to optimize their production operations and enhance decision-making.  

(Source: SparkCognition)
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Machine learning models can ingest historical data and 

use those to predict production rates for any given vari-

able settings, while continuously monitoring real-time 

data streaming from production sites. 

This is valuable, but machine learning solutions also 

can build further on this capability by evaluating all 

control variables and identifying the most relevant 

and impactful parameters that drive performance. 

Using this information, they can then provide recom-

mendations to operators on what variables to tweak to 

improve output.

Finally, machine learning models can recommend 

specific kinds of adjustments and forecast the potential 

improvement in production rate. In this way, these 

models become an advanced tool capable of support-

ing enhanced, informed decision-making that in turn, 

enables maximized production.

Case study 1: Optimizing offshore production
As a provider of AI solutions with expertise in the oil 

and gas sector, SparkCognition is no stranger to apply-

ing machine learning to solve the multivariable problem 

and optimize production.

In one case study, a supermajor oil company part-

nered with SparkCognition to obtain predictive AI capa-

ble of detecting abnormalities in its gas system for off-

shore rigs. Specifically, the goal was to provide a single, 

scalable solution that could monitor all assets, despite 

the different behaviors and life cycles of machines 

within the gas system.

An unsupervised approach was used to identify nor-

mal versus anomalous behavior, and to track anomalies 

to downtime events. Data from the oil company were 

sampled into equal intervals, and the number of vari-

ables was reduced to a subset of variables that encom-

passed much of the variation in the dataset. The data 

were then clustered into different operational modes, 

with any datapoints that could not be clustered labeled 

as an anomaly. From this, a model was built that could 

correctly predict the cluster of any given datapoint in 

real time, which was retrained each month. 

The model built was able to successfully identify 

anomalies and track them to production downtime 

events, giving advance warning to engineers of what, 

specifically, they needed to investigate and when. Asset 

tags were associated with the subsystem that an engi-

neer on the rig would use to investigate a flagged anom-

aly. This gave engineers leading indications for root 

cause analysis based on the specific tags involved.

This particular solution was designed to tackle the 

specific multivariable problem that is the oil and gas 

system. Within the various subsystems of the gas and 

oil system, each machine serves a different purpose, 

has a different life cycle and exhibits different failure 

modes, but all are connected in a contiguous, interde-

pendent process. This can make predictive analytics 

difficult to implement, despite its value to operators 

looking to maximize production uptime and avert 

unexpected failures. But the use case described here 

demonstrates that AI can be successfully employed to 

overcome this challenge.

This proof of concept was so successful that the oil 

company has decided to go forward with a full deploy-

ment of the same technology. The goal of this deploy-

ment—aside from providing advance warning of and 

insight into machine failures and downtime events—

would be to allow end users in both remote and onsite 

centers to see notifications and warnings from the 

predictive maintenance solution. With this information, 

operators can better understand the causes of failure, 

optimize repair or replacement schedules and minimize 

production downtime.

Case study 2: Identifying downhole drill states
In another case study, SparkCognition partnered with 

a major oil and gas operator that was trying to improve 

operational efficiency by better understanding the cur-

rent operating state of subterranean drillheads, using 

previously existing sensor and operating data.

The data used for this project included time-series 

edit distance on real sequences snapshots of sensor 

data from the downhole drilling process. Data scientists 

then analyzed these data for shifts in the behavior of 

the drillhead. Using a machine learning classification 

approach, 17 drill operational states were found and 

labeled from the data provided. A deep learning model 

was created that could perfectly differentiate between 

the different drill operating modes.

With this model, the operator was able to improve pro-

duction greatly. The model provides updates on drill and 

rig performance in real time, allowing operators to set 

and update key performance indicators as needed and 

adjust parameters to maximize operational efficiency. 

The complex tangle of variables involved in oil and 

gas production has long made optimization a daunt-

ing task. But new advances in machine learning and 

AI analytics are already being successfully imple-

mented and netting operators massive gains in effi-

ciency. If more operators start investing in AI solu-

tions, then for the first time in history, the industry 

may be on the road to realizing the full production 

potential of their rigs. 
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A pumpjack whirls as lighting strikes the 

eastern plains of the Rocky Mountain Front 

Range in Weld County, Colo. (Source: James 

BO Insogna/Shutterstock.com)
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Staff Report, Hart Energy

T
he Denver-Julesburg (D-J) Basin covers an expanse 

of 181,299 sq km (70,000 sq miles) comprising mul-

tiple crude oil and liquids-rich gas plays in Colorado 

and southeast Wyoming. With 29 active rigs (28 for oil 

and one for gas), according to the May 24 rig count 

prepared by Baker Hughes, a GE company, the basin 

continues to maintain high rates of production. 

Drillinginfo forecasts gross gas production for 2019 at 

about 65 MMcm/d (2.3 Bcf/d) in the basin, with gross 

oil production at about 550,000 bbl/d, according to an 

exclusive report provided to E&P.

Permitting activity in the basin experienced a spike 

in the fourth quarter of 2018, up 72% quarter over 

quarter due to fears of future regulations in Colorado 

following the failure of Proposition 112, reported 

Drillinginfo, adding that almost 90% of the permits 

fi led were in Weld and Laramie counties. 

However, where one bill failed, another found success. 

The signing of Senate Bill (SB) 181 by the Colorado 

Governor Jared Polis in April gives land usage authority 

for oil and gas E&P to local authorities. As regulators 

determine the particulars of the law, permitting activity 

dropped by about half, from more than 1,800 permits 

fi led in the fourth quarter of 2018 to about 900 in the 

fi rst quarter of this year, according to the report.

Speaking at the recent DUG Rockies exhibition and 

conference, Colorado Senator John Cooke noted that 

Adams County, where 3.6 MMbbl were produced last 

year, has already halted new licenses for six months. 

Commissioners for Weld County, the state’s most pro-

ductive county for drilling with more than 157 MMbbl 

produced in 2018, said the county will not adopt 

stricter rules. 

Eric Jacobsen, senior vice president at Extraction Oil 

and Gas, told attendees that the company is tagged by 

many as one of the companies in the region most likely 

to be affected by SB 181 due to its acreage in Boulder. 

However, he said the company already operates within 

the spirit of SB 181 in several aspects, and he believes 

the company has a competitive edge in working with the 

new regulations. 

Permitting activity drops in the 
D-J Basin   
Fears of future regulations in Colorado mobilized operators at year-end 2018 to secure 

permits rather than take a Ôwait and seeÕ approach. 

UNCONVENTIONAL REPORT: 

DENVER-JULESBURG BASIN
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Colorado’s Weld County and Wyoming’s Laramie County have maintained the 

highest rig count year over year for the D-J Basin. (Source: Drillinginfo)
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Weld County held the highest number of permits fi led for 2018 and continues to do so 

this year for the D-J Basin. (Source: Drillinginfo)

Gross gas production for the D-J Basin is forecast to 

plateau in 2019 and 2020 while oil production in the basin 

is expected to increase slightly to 600,000 bbl/d at the end 

of 2020. (Source: Drillinginfo)
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REGIONAL REPORT: 

EAST AFRICA

Faiza Rizvi, Associate Editor

I
n East Africa, one of the world’s least-developed 
regions where much of the population lives on less 

than $2 per day, the development of oil and gas can 
provide a major boost to the economy. Historically, the 
sector has been a key driver of economic growth and is 
once again attracting investor interest as international 
energy prices recover. 

The African Energy Chamber (AEC) forecast 2019 to 
be vital for the advancement of new E&P development 
projects across Africa in the hydrocarbons market, antic-
ipating the region to become the world’s hottest oil and 
gas frontier. The AEC further stated that these opportu-
nities come with a new set of dynamics and challenges 
that also could infl uence the future of the industry, from 
presidential elections to megaproject developments 
amid intensifying international competition. 

Licensing auctions
Kenya’s Ministry of Petroleum and Mining has opened 
the bidding round for fi rms to tender their interest in 

conducting 3-D seismic surveys over the shallow water 
of the Lamu Basin to promote the area for petroleum 
exploration and development. The Petroleum Ministry 
said recently in a statement that the contracted bidding 
fi rms will be expected to gather and process additional 
3-D seismic data and offer support to the ministry in 
planning and organizing a licensing round for the 
blocks scheduled for 2021.

Speaking at a forum ahead of the East African 
Petroleum and Exhibition Conference 2019, Kenya’s 
Ministry of Petroleum and Mining offi cials expressed 
confi dence over the level and intensity of commercial 
energy use as a key indicator of economic growth and 
development in the region.

The Petroleum Act 2017 is encouraging investments 
in oil and gas by complying with local content require-
ments, which include upstream operations, locally man-
ufactured goods and employment opportunities. 

“There is a need for upskilling the workforce with 
the right skill sets as we develop the sector and create 
job opportunities,” Andrew Kamau, Kenya’s principal 
secretary at the State Department of Petroleum, said in 
a statement.

He added that the government of Kenya is looking to 
develop the South Lokichar Basin in a phased approach 
toward oil production. “We are currently in the fi rst 
phase where we have studied the economic benefi t by 
looking at the recoverable reserves,” Kamau said.

In an effort to develop its hydrocarbons amid polit-
ical instabilities, Somalia began inviting bids for 15 
blocks across various basins under the country’s off-
shore licensing round earlier this year. According to 
Abdirashid Mohamed Ahmed, minister of Petroleum 
and Mineral Resources, the licensing round was fi rst 
announced in Cape Town last November. Spectrum 
Geo acquired and processed the 2-D seismic datasets 
over the offshore areas offered. The results suggest 
Somalia’s offshore hydrocarbon resources could be the 
largest anywhere in East Africa, or even across Africa 
as a whole, according to a statement by Karar Shukri 
Doomey, director general at the Ministry.

Somalia passed a petroleum sector law on May 20, 
paving the way for exploration in its waters that could 
potentially transform the country’s economy if hydro-
carbons are discovered. 

Will East Africa fi nd oil amid challenges?
New exploration frontiers give hope to the regionÕs offshore market.

With large investment projects and exploration opportunities, the 

East African offshore market has the potential to become the world’s 

hottest oil and gas frontier, but the mission is hampered by political 

instability, insecurity and lack of infrastructure.

(Source: curraheeshutter/Shutterstock.com)
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The new legislation allows for the creation of insti-
tutions to oversee the sector and for revenue sharing 
between the central government and federal states, 
among other objectives, the ministry of Petroleum and 
Mineral Resources said in a statement.

Natural gas development
In 2017 the Mozambique government approved Eni’s 
development plans for its Coral fl oating LNG (FLNG) 
development. The plan incorporates the drilling and 
completion of six subsea wells and the construction and 
installation of the Coral FLNG, securing Mozambique’s 
future as an LNG exporter, the Mozambique Resources 

Post reported. 
Later that year, the government granted two concessions 

to Anadarko Petroleum, allowing the company to design, 
build and operate marine facilities for a 12.88-MMmt/year 
LNG project in northern Mozambique to extract gas from 
an offshore area where Anadarko Petroleum and its part-
ners have discovered approximately 2,124 Bcm (75 Tcf) 
of gas. Given the complexity of the projects, production is 
not expected until 2022.

Recently Anadarko Petroleum was acquired by 
Occidental Petroleum in one of the biggest oil deals of 
the decade. Occidental Petroleum is expected to sell 
Anadarko’s African assets, including the LNG project in 
Mozambique, to Total for $8.8 billion.

In May of this year, the government of Mozambique 
approved the development plan for the Rovuma LNG 
project led by Exxon Mobil and Eni. Two LNG trains are 
planned with a combined annual capacity of more than 
15 MMtons/year, which will produce, liquefy and market 
natural gas from three reservoirs offshore Mozambique. 

However, the ongoing violence including recent 
attacks on Anadarko Petroleum workers that killed 
one worker and injured two others, is a great chal-
lenge facing the LNG projects. The Mozambican 
court sentenced 40 people for involvement in violence 
on foreign oil contractors working at the development 
site of Mozambique LNG export terminal. About 120 
people are estimated to have died in insurgent attacks 
in the same Cabo Delgado province in recent months. 
The violence poses a threat to smooth operations of 
international oil companies operating in the province 
and could potentially disrupt project time lines.

Tanzania holds an estimated 1,642 Bcm (58 Tcf) of 
natural gas reserves that could potentially transform 
the country’s economy if utilized effectively, as report-
ed by The East African. Tanzania’s Energy Ministry and 
energy experts from Uganda are planning oil explo-
ration activities throughout various parts of Tanzania. 

The energy and mineral sector has been clouded with 
uncertainty, suspicion and vague contracts that have 
prevented the country from developing the resources 
as expected. Since 2015, the E&P sector has witnessed a 
series of events ranging from amending laws to the fi ring 
and charging of government offi cials suspected of being 
involved in shady deals, the report stated.

Challenges ahead
Some of the major challenges facing the East African 
offshore oil and gas exploration market are political 
instability, insecurity, lack of infrastructure and marine 
boundary disputes. These factors contribute in hamper-
ing East Africa’s exploration ambitions at a time when 
the region expected an increase in production from its 
deep and ultradeepwater investment projects. 

For example, Madagascar was set to begin a licensing 
round putting 44 concessions on offer until May, none 
of which had ever been tendered or explored. However, 
reports confi rm that new President Andry Rajoelina, 
who was sworn into offi ce in January, suspended the off-
shore licensing round until further notice. 

Uganda’s oil production also has been pushed for-
ward to 2022 after missing the country’s target of 2011, 
according to Energy Minister Irene Muloni. Lack of 
refi ning facilities and proper pipeline infrastructure 
have been cited as the main causes for the delay. 

According to a report by Deloitte, digitalization is set 
to disrupt Africa’s oil and gas sector, where 30% of pro-
duction stems from legacy fi elds. The sub-Saharan 
Africa portfolio of digitally behind assets are at risk of 
becoming obsolete if digitalization is not embraced, the 
report stated. 

Anadarko Petroleum and its partners are working to develop one of the 

world’s largest LNG projects to extract gas offshore Mozambique. 

(Source: Anadarko Petroleum)
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MERITORIOUS AWARDS  

FOR ENGINEERING INNOVATION

The E&P editors and staff proudly presented the win-

ners of the 2019 Special Meritorious Awards for Engi-

neering Innovation in May at the Offshore Technology 

Conference in Houston. The awards recognize service 

and operating companies for excellence and achievement 

in every segment of the upstream petroleum industry. 

The following pages spotlight the 18 winners the inde-

pendent team of judges picked that represent a broad 

range of disciplines and address a number of problems 

that pose roadblocks to efficient operations. 

AccessESP’s Rigless Wireline Retrievable ESP garnered the award 

for the artificial lift category. E&P’s Henry Tinne (far left) and Brian 

Walzel (far right) presented the award to (from second to the 

left to second from the right) AccessESP’s John Algeroy, Ahmed 

Allouache, Pedro Vergel, Dwayne Leismer and David Malone. 

E&P’s Jennifer Presley (middle) presented Baker Hughes, a GE 

company’s Clive Rayton (left) and Nadjmeh Doostdar (right) an 

award for the MAX-LOCK Lost Circulation Material, one of the 

two winners in the drilling fluids/stimulation category. 

The MEGADRIVE Emulsifier Package from M-I SWACO, a 

Schlumberger company, was one of the two winners in the  

drilling fluids/stimulation category. On hand to receive the 

award from E&P’s Jennifer Presley (third from the right) were 

(from left to right) Charlie Svoboda, Sameh Hanna, Barbi 

Messier, Jim Friedheim and James Stark. (Source: Schlumberger)

The Dynamus PDC Drill Bit with AntiWalk technology from Baker 

Hughes, a GE company (BHGE), was one of the two winners in 

the drillbits category. E&P’s Jennifer Presley (center) presented 

(from left to right) BHGE’s Caleb Rickabaugh, Marc Bird, Brad 

Pierce, Derek Nelms, Jarod DeGeorge, Reed Spencer and Bobby 

Grimes with the award. 

Left, E&P’s Henry Tinne (far left) and Jennifer Presley (far right) 

presented Ulterra’s Chris Casad (middle left) and Kerry Sisson 

(middle right) an award for the SplitBlade PDC Bit, one of the two 

winners in the drillbits category. (Source: Tom Fox, Hart Energy)

http://HartEnergy.com
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The Active Control Device (ACD) from AFGlobal took the honors as 

the winner of the drilling systems category. E&P’s Henry Tinne (fourth 

from the left) presented the award to (from left to right) AFGlobal’s 

Mark Mitchell, Justin Fraczek, Austin Johnson, Alex McGregor and 

Kareem Ameen. 

E&P’s Jennifer Presley (middle) presented (from left to right) 

Emerson’s Peter Zornio, Chris Amstutz, Duane Dopkin and Steve 

Santy an award for the company’s Rock Type Classification with 

Machine Learning technology, winner of the exploration/ 

geoscience category. 

http://HartEnergy.com
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E&P’s Jennifer Presley (middle) presented an award to 

Schlumberger for its Concert Well Testing Live Performance  

technology, winner of the formation evaluation category. From 

left to right, Schlumberger’s Raluca Constantinescu, Wallace 

Pescarini, Laure Mandrou and Bryan Zimdars were on hand to 

receive the award. 

E&P’s Jennifer Presley (left) presented an award to Kara French 

(right) of IPT Global LLC for SureTec, winner of the intelligent  

systems and components category. 

E&P’s Henry Tinne (middle) presented ION Geophysical’s Stuart 

Darling (left) and Chris Usher (right) with an award for the  

company’s Marlin Smarter Management of Marine Operations 

technology, winner of the HSE category. 

In the IOR/EOR/remediation category, the FATHOM XT 

SUBSEA226 Black Oil Foamer from Baker Hughes, a GE  

company, garnered the award. Pictured from left to right are  

Tim Garza, James Outlaw, E&P’s Jennifer Presley, Bailey 

Donovan, Justin Kuzniarek, Paul Stead and Scott Lehrer. 

Left, the DuraStim Pump from AFGlobal won in the hydraulic  

fracturing/pressure pumping category. E&P’s Henry Tinne  

(middle) presented the award to (from left to right) AFGlobal’s 

Roy Leipnitz, George Dalekos, Kirk Marshall and Tom Gable.

http://HartEnergy.com
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Weatherford’s Mechanical Outside-Latch Single-Trip (M.O.S.T.) 

Plus Tool System was one of the two technologies that took 

honors in the marine construction and decommissioning 

category. Pictured from left to right are Karl Blanchard, Dean 

Bell, E&P’s Jennifer Presley, Delaney Olstad, William Schultz, 

Scott Pray, David Teale, Chris Cutrer and Jeff Toulouse. 

The Collar Load Support System for Stands (CLS-S) by Frank’s 

International garnered the award in the onshore rigs category. 

Pictured from left to right are Jarret Daigle, Logan Smith, E&P’s 

Jennifer Presley, Robert Thibodeaux and Jeremy Angelle. 

The Multiphase Compression System from OneSubsea, a 

Schlumberger company, won in the subsea systems category. 

E&P’s Jennifer Presley (third from the left) presented the award to 

(from left to right) Mads Hjelmeland, Akshay Kalia, Hans Fredrik 

Kjellnes, Lucile Turpin and Ben Charbit. 

The Perseus Pump-Through Cutter from Baker Hughes, a GE 

company, was one of the two winners that took the honors in the 

marine construction and decommissioning category. Pictured 

from left to right are Knut Dahlberg, Bart Joppe, E&P’s Jennifer 

Presley, Ewoud (Ed) Hulsewe and Nicholas Clem. 

Weatherford’s TR1P Single-Trip Completion System was the winner 

of the nonfracturing completions category. E&P’s Jennifer Presley 

(third from the right) presented the award to (from left to right) 

Osehojie Ojeh-Oziegbe, Weatherford’s client from Shell Nigeria 

Exploration and Production Co. (SNEPCo), and Weatherford’s 

Hugo Figueroa, Euan Murdoch, Reggie Boggs, Mark Hopmann 

and CEO Mark McCollum. 

E&P’s Jennifer Presley (middle) presented (from left to right) 

Schlumberger’s Laure Mandrou, Wallace Pescarini, Baptiste 

Germond and Bryan Zimdars an award for the company’s 

AquaWatcher Surface Water Salinity Sensor, winner of the water 

management category. 

(Photos courtesy of CoporateEventImages.com unless 

otherwise noted)

http://HartEnergy.com
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Sam Galpin, Bedrock Automation 

P
etroleum producers have been hearing about the 

promise of the digital oil field for more than 20 

years. Now, just when it looked like it was about to 

surge, a problem emerged: making the most of digital 

connectivity requires standards-based technology, which 

unfortunately can come with cyber vulnerability. 

Mainstream operational technology (OT) suppliers 

hadn’t taken that into account in their technology 

architectures, leaving wellsite operators wondering 

how much to invest in adding firewalls and other IT 

to protect the aged controls into which they were 

now locked. Many have chosen to forego any benefit 

that the Industrial Internet of Things, cloud or data 

analytics may deliver, waiting for a better solution.

Finally, the following trends have converged to make 

the digital oil field feasible:

• The embedding of military-grade authentication and 

encryption technology deeply into OT;

• The emergence of communication and integration 

software standards that can 

use advanced authentication 

and encryption to secure data 

exchange among field devices 

and operations improvement 

applications; and 

• Semiconductor price/per-

formance that continues to 

advance, roughly as Moore’s 

law has predicted.

Effective security starts in 
OT hardware 
Mission-critical OT for well 

sites includes programmable 

logic controllers, remote termi-

nal units, distributed control 

systems or other control tech-

nology that automate control 

pumps, gas lifts, valves and all 

other production elements 

based on signals from field 

instruments. Breach of any 

of these systems can result in 

millions of dollars a day in lost 

production, safety risk or theft 

of intellectual property.  

Cybersecurity practices 

that military, aerospace and 

online commerce industries 

use to secure their operations 

have proven effective, but 

they have not been available 

Securing the digital oil field 
Intrinsic cybersecurity, open standards and Moore’s law have converged to enable a new 

era of wellsite productivity improvement.

FIGURE 1. Industrial controllers with PKIs comparable to what is used in military and aerospace 

applications and with advanced computing and memory capabilities are making it much 

tougher for hackers to access oilfield data and controls. The Bedrock Open Secure Automation

system was designed from the silicon on up to provide PKI cryptography.  

(Source: Bedrock Automation)
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to wellsite operators because the sites were heavily 

invested in automation technology that was designed 

before cybersecurity was an issue. Now, however, 

these cybersecurity solutions—based on public key 

infrastructures (PKIs)—are finding their way onto 

the oil field. 

In a PKI, a third party known as a certificate authority 

assigns unique identifying certificates to all participants 

or devices that require access to data or controls. Once 

set up, a PKI mediates access to data and devices in real 

time. Message sources and destinations are authenti-

cated and the content is end-to-end encrypted. Each 

device in the system becomes responsible for its own 

security. For example, the information in certificates 

allows a controller to know that a message changing a 

set point comes from a known operator with adequate 

privileges. Security no longer depends on firewalls, 

intrusion detection devices or other technology that 

attempts to filter access. These bolted-on perimeter pro-

tections can be breached easily 

by hackers. Cracking properly 

implemented PKI cryptography, 

however, is well beyond the 

ability of most sophisticated 

hackers (Figure 1). Trust no 

longer relies on a secure net-

work but on secure end points. 

Communications can flow 

securely over otherwise insecure 

links, including the internet.

An industrial device with 

a built-in PKI is essentially 

immune to cyber penetration, 

but it must be designed in it 

from the beginning. Intrinsic 

security of this depth rests on secret electronic keys that 

have been burned into the silicon in the manufactur-

ing process. This is critical to ensure that the control 

processor boots up securely because the first code it 

encounters cannot be encrypted. Protecting this code 

with signatures or checksums assigned afterward will 

not work, because anyone that can access that infor-

mation can breach the system. Multistage verification 

based on keys that only the system hardware will ever 

know provides maximum security. This is why it is also 

critical to assess the integrity of the component supply 

chain of any supplier of critical automation technology.

Securing data exchange
Embedding cybersecurity PKI into automation technol-

ogy eliminates the possibility of unauthorized access to 

critical controls, and the third-party root of trust it pro-

vides can secure open data exchange.  

Digital transformation, Big Data analytics and the 

Internet of Things are all hot topics. The underlying 

premise is that data can and should be able to flow 

anywhere needed. For example, there is no need to 

roll a truck to a wellhead just to check some values and 

perhaps tweak some adjustments. These things can be 

done remotely. With today’s technology, a wellhead 

can report a wealth of production and diagnostic infor-

mation and even be controlled from the far side of the 

planet. At the field level, this means fewer and more 

focused truck rolls. At the enterprise level, it becomes 

possible to dynamically optimize the operation of the 

entire oil field using a combination of well data, reser-

voir models and market conditions.  

The enabling technology has two parts. First, for 

data to flow, computers must understand each other. 

Just as people communicate using a common lan-

guage, computers rely on pro-

tocols. Some protocols are pro-

prietary and others are based 

on open standards. Adherence 

to open industry standards 

reduces the cost of implement-

ing, operating and maintain-

ing automation systems while 

optimizing performance. 

Secondly, anywhere is not 

everywhere. The protocols 

must be not only open but also 

secure.  The gold standard for 

secure communication is PKI-

based mutual authentication 

and encryption. This ensures 

that any message looks like gibberish to an eavesdrop-

per and also ensures it flows from the intended source 

to the intended destination. If properly implemented, 

the cryptography is for practical purposes unbreakable 

without access to the secret keys. The ability to protect 

keys is the foundation of intrinsic security. It must be 

built in.

OPC UA and MQTT
Both open platform communications unified archi-

tecture (OPC UA) and message queuing telemetry 

transport (MQTT) are open protocols that simplify the 

integration of open data flows.  They also both include 

provisions for PKI security in their specification. OPC 

UA is fast becoming an important communication 

standard for managing open communications across 

Adherence to open  

industry standards reduces 

the cost of implementing, 

operating and maintaining 

automation systems while 

optimizing performance.
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multivendor applications and devices across a network. 

To access data, an OPC UA client program, for exam-

ple a SCADA system, connects to OPC UA servers and 

allows multiple SCADA human-machine interfaces or 

other clients to connect and exchange data.

MQTT is a global standard messaging protocol, 

which is designed to optimize connections with remote 

locations with minimal code. It is becoming increas-

ingly valuable for connecting intelligent devices and 

providing bandwidth effi cient cloud connectivity, such 

as the architecture shown in Figure 2.

Performance and security at the speed of Moore
The third essential enabler of the digital oil fi eld is the 

advancement of semiconductor performance, roughly 

following Moore’s law, which predicts that the number 

of transistors in densely integrated circuit doubles about 

every two years. 

Maximum bandwidth at affordable prices is criti-

cal for at least two reasons. One is that conducting 

so many real-time authentication and decryption 

operations in a high output processing environment 

requires more bandwidth than most systems have 

today. Second, with security at the control and data 

exchange level, it is possible to enjoy the advantages 

of Big Data to achieve the benefit of the digital oil 

field fully. Real-time production data can help mon-

itor production in real time, manage assets more 

strategically and manage flow more effectively. As 

more control capability is pushed out to the field, 

the need for maximum bandwidth and storage is 

increasingly essential to being able to tap into the 

full potential that a secure, digitally enabled oil 

field can now deliver. 

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.

FIGURE 2. Intelligent devices connected to the cloud require effi cient connectivity. (Source: Bedrock Automation)

Internet DMZ
External LAN

Industrial
Control System
Local HMI LAN
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Low-pressure-impact drilling fluid reduces risk 
in narrow pressure windows
Baker Hughes, a GE company (BHGE), has released 

its DELTA-TEQ low-pressure-impact drilling fluid, 

a nonaqueous formulation that enables operators 

working in narrow pressure windows to meet their 

drilling objectives by significantly reducing the risks 

associated with this activity, according to a company 

product announcement. In challenging wells such as 

those offshore, pore pressure, fracture gradient and 

complex geometry combine to create a narrow operat-

ing window. Numerous operational problems such as 

excessive surge pressures, pressure spikes due to pump 

initiation pressures, complicated equivalent circulating 

density management and the inability to effectively 

control drilling parameters can result in costly and 

time-consuming events. The DELTA-TEQ fluid creates 

a nonprogressive gel structure that reduces hydraulic 

impact with a rapid-set/easy-break profile that main-

tains fluid integrity if operations are paused, mitigates 

pressure spikes when circulation resumes and protects 

the formation from surge pressures when running 

casing. In addition, the DELTA-TEQ fluid can manage 

hydraulic impact by maintaining the right viscosity in 

the right areas of the well for optimal hole cleaning 

and penetration rates without putting excess pressure 

on the formation. Like a “viscosity clutch,” it engages 

viscosity at low shear rates and disengages at high shear 

rates. bhge.com

New look-ahead-while-drilling service  
provides real-time data
Schlumberger has released the IriSphere look-ahead-

while-drilling service, which provides electromagnetic 

(EM) technology for detecting formation features 

ahead of the drillbit in oil and gas wells, according to a 

press release. The service is designed to reduce drilling 

risks and improve efficiency by providing data ahead of 

the bit in real time. IriSphere uses EM-based resistivity 

measurements more than 30 m (100 ft) ahead of the 

drillbit, which are then compared to a prepared model 

that incorporates offset and other data to reveal a true 

downrange representation of the formation while drill-

ing. This enables operators to make proactive decisions 

rather than reacting to measurements at or behind the 

bit while drilling wells. More than 25 field trials were 

conducted with the IriSphere service, which included 

successfully detecting reservoirs and salt boundaries, 

identifying thin layers and avoiding drilling hazards 

such as high-pressure formations that can lead to well-

bore stability issues. slb.com

New LED lights up onshore drilling rigs’  
hazard areas 
Emerson has released a new LED for the oil and gas 

industry to easily and safely illuminate land-based drill-

ing rigs, a press release stated. The Appleton Rigmaster 

LED linear luminaire streamlines the cumbersome and 

time-consuming task of installing and maintaining bright, 

energy-efficient lighting in hazardous areas on drilling 

rigs. The LED weighs only 10 lb, making it significantly 

lighter than similar fixtures that can weigh as much as 30 

lb. The LED light delivers 8,000 lumens of uniform light-

ing to promote a safer working environment. Moreover, 

the LED’s wide distribution of light translates into fewer 

fixtures being needed in the rig’s mud pit, shaker, cel-

lar and derrick. The Appleton Rigmaster LED provides 

The IriSphere service multifrequency transmitters and  

multireceiver BHA provide continuous resistivity that detects  

formation features far ahead of the drillbit.  

(Source: Schlumberger)

The nonaqueous DELTA-TEQ drilling fluid enables operators  

working in narrow pressure windows to meet their drilling  

objectives by significantly reducing the risks associated with 

this activity. (Source: BHGE)
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installation flexibility in hazardous locations by offering a 

variety of mounting options that are well suited for retro-

fits as well as new rig builds. emerson.com/appleton

New technology tackles subsea challenges
Technology to 

enhance operational 

effectiveness while 

reducing risk and 

preventing inter-

ruption in pipeline 

production has been 

developed by WFS 

Technologies, a press 

release stated. The 

patented Seatooth 

PipeLogger is an 

integrated pipeline, 

umbilical, risers and 

flowlines temperature 

monitoring and data 

transfer solution that can provide real-time monitoring 

for offshore and subsea assets. It has been previously 

used to reduce the risk and operational costs associated 

with coiled tubing fatigue, producing savings more than 

£1 million in a single installation. wfs-tech.com

Expanding subsea intervention capabilities
Expro has expanded its subsea intervention capabilities 

by introducing two new well access solutions in addi-

tion to its subsea landing string system technologies, 

according to a press release. The Intervention Riser Sys-

tem (IRS) can safely establish and maintain well access 

throughout riser to surface operations, replicating the 

functionality of the BOP and providing a safe and reli-

able means of well control connected directly to the pro-

duction tree. With increased coiled tubing cutting and 

disconnect capability, the IRS provides an alternative 

dual barrier, thru-tubing system. The new Riserless Well 

Intervention System provides a reliable wire through-wa-

ter integrated solution for carrying out cost-effective 

intervention and/or abandonment operations on all 

types of subsea wells. With a dedicated intervention ves-

sel, all operations, deployment and retrieval can be car-

ried out in a safe and efficient manner. exprogroup.com   

Magnetic referencing system for MWD surveys
CGG Multi-Physics has announced the immediate avail-

ability of precalculated MagCube in-field referencing 

models for MWD surveys over seven U.S. onshore basins 

and plays: Bakken, Eagle Ford, Haynesville, Marcellus, 

Niobrara, Permian and Woodford, according to a news 

release. These datasets are available for licensing or 

extraction on a well-by-well basis with one-day turnaround. 

CGG’s MagCube magnetic referencing system combines a 

global geomagnetic reference model with local magnetic 

survey data to deliver declination (dip), inclination and 

total field values at depth. These cubes of subsurface vec-

tor magnetic field information form a reference frame for 

MWD surveys in directional drilling. Accurately knowing 

a well’s trajectory while the well is still being drilled could 

save costly sidetracks and prevent collisions with other 

wells in tightly drilled shale plays. cgg.com

Miniature optical gauge enhances  
intervention surveillance
Well-SENSE has released a compact, disposable optical 

pressure-temperature gauge as part of its FiberLine 

Intervention (FLI) system, a press release stated. The 

Well-SENSE optical gauge widens the well surveillance 

application envelope for FLI, both on and offshore, and 

offers operators a low-cost and disposable alternative to 

both permanent downhole sensors and more traditional 

The IRS is one of the two new well access solutions introduced 

by Expro in addition to its subsea landing string system  

technologies. (Source: Expro)

Built with a high degree of corrosion resistance, the Appleton 

Rigmaster LED features a gasketed, copper-free aluminum  

housing and a thermal-shock and impact-resistant polycarbonate 

lens. (Source: Emerson)

The Seatooth PipeLogger  

technology ensures the integrity  

of an asset’s life cycle and reduces 

its cost of ownership.  

(Source: WFS Technologies)

http://HartEnergy.com
https://www.emerson.com/appleton
https://wfs-tech.com/
https://exprogroup.com/
https://cgg.com/


http://www.ipaa.org/events
mailto:thamlin@ipaa.org


  

162

tech
TRENDS

July 2019  |  E&P  |  HartEnergy.com

electronic logging devices. It can result in savings between 

50% and 90% compared to conventional logging meth-

ods. The fiber Bragg grating based device is a robust 

optical gauge which does not require batteries, external 

connections or power supply. It is integrated into the fiber 

line and is ideally suited to well surveillance activities in 

harsh environments around the world, including HP/HT 

applications. The new gauge has the capability to mea-

sure up to 10,000 psi and 150 C (302 F), with an option 

to enhance this further to 20,000 psi and 300 C (572 F). 

Well-SENSE developed this technology in partnership 

with optical sensor company Fibos. well-sense.co.uk 

Drillpipe cleaning ball helps avoid 11 days of 
rig time costs and risk
Coretrax' drill-

pipe cleaning 

tool, the CX-Ball, 

eliminates the 

need for costly 

equipment or 

hazardous man-

ual handling, 

a press release 

stated. Based on 

an average time 

saving of 8 min-

utes per ball, this 

in total has saved 278 hours of rig time, equivalent to 

11.58 days since the product was launched in 2014. In 

one North Sea campaign, it has been used consistently 

for the last 74 well abandonments saving 57.6 hours 

of rig time alone. The CX-Ball is encased in a soluble 

material that temporarily restricts the shape of the 

ball. This allows it to be easily and accurately deployed 

by a launch tube directly into the drillpipe. When 

the CX-Ball comes into contact with water, the ball 

expands and returns to its original shape. The high 

parting stretch ratio of the foam ball allows it to pass 

through small restrictions undamaged as it is pumped 

downhole. coretrax.com

New water cleaning system offers closed-
loop function  
Alfa Laval PureSOx gives the option of scrubbing 

in closed loop, either by choosing a fully equipped 

hybrid system or by installing a hybrid-ready system 

that can be upgraded for closed-loop operation later, 

according to a press release. With the launch of a 

modular new PureSOx water cleaning system, these 

possibilities become even more attractive. Though 

few in number 

and limited in 

scope, local 

bans on open-

loop scrubbing 

have intensified 

the interest in 

hybrid scrubber 

solutions with 

closed-loop 

functionality. 

While marine 

customers are 

focused on 

complying with 

today’s needs 

at minimal cost, there is peace of mind in the ability 

to upgrade if regulations should become more strin-

gent. Both considerations are integral to the new 

PureSOx water cleaning system. alfalaval.com  

Low range, selective VOC analysis device 
Dräger has released its X-pid 8500 portable gas mea-

surement device to the U.S. market, a press release 

stated. The gas chromatography-photoionization detec-

tor allows  selective measurement analysis of predeter-

mined compounds, such as benzene, butadiene and 

other volatile organic compounds (VOCs), and provides 

results in as little as 30 seconds. The X-pid 8500’s oper-

ating design and wide compound range for selective 

monitoring allows the device to detect and quantitate 

more than 19 toxic target compounds with the push of a 

button. In addition, users can add their own substances 

to the target compound database that would allow for 

detection. The device’s intuitive user interface makes 

this technology accessible to a broad group of users with 

no extensive training required. draeger.com 

Please submit your company’s updates related to new  

technology products and services to Ariana Hurtado at  

ahurtado@hartenergy.com.

The simplicity of the tool allows easy and 

quick deployment and reduced time in 

the red zone. (Source: Coretrax) 

The PureSOx  water cleaning system base model 

has a high-speed separator. (Source: Alfa Laval) 
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1 US

Shell Oil Co. announced a Lower 

Tertiary Wilcox oil discovery in the 

Perdido thrust belt at the compa-

ny’s Blacktip discovery. The 1 OCS 

G32954 hit more than 122 m (400 

net ft) of oil pay with good reservoir 

and fluid characteristics and is in 

Alaminos Canyon Block 380. Water 

depth in the area is 1,981 m (6,500 

ft). The drilling plan for this block 

and Alaminos Canyon Block 424 (1 

OCS G32964) to the south was orig-

inally filed in 2012 by Statoil (now 

Equinor). Shell took over the lease 

and filed an amended drilling plan in 

2018 for the prospect. According to 

Shell’s plan, as many as 17 tests could 

be drilled on the two tracts.

2 Mexico

Talos Energy LLC is drilling appraisal 

well Zama-2 ST1 in Block 7 in the Sur-

este Basin offshore Mexico. The ven-

ture is the second of three planned 

wells to test the northern limits of the 

discovery. The well is 180 m (590.5 ft) 

updip of Zama-2 and approximately 

2.1 km (1.3 miles) north of Zama-1. 

The Zama-2 ST1 logged 266 m (873 

ft) of gross true vertical depth pay 

and confirms a consistent net-to-gross 

ratio range of 68% to 73% through 

multiple penetrations. Talos also 

recovered 217 m (712 ft) of core, with 

a 98% recovery rate, the longest whole 

core acquired in a single well in the 

history of offshore Mexico. Flow was 

established without stimulation in 

two separate flow tests and produced 

a combined rate of 7,900 boe/d, of

which 94% was oil and 6% was gas. 

Water depth was approximately 168 

m (551 ft). 

3 Guyana

A new discovery was announced by 

Exxon Mobil in offshore Guyana’s 

Stabroek Block. The Yellowtail-1 well 

hit 89 m (292 ft) of high-quality oil 

in a sandstone reservoir. The well 

was drilled to 5,622 m (18,445 ft). It 

is in 1,843 m (6,046 ft) of water and 

is northwest of the Tilapia-1 well. It 

is the fifth discovery in the Turbot 

area. A drillship is testing at Long-

tail-1 and the next planned venture 

will be Hammerhead-1.

4 UK

Rathlin Energy has begun drilling at 

the West Newton prospect in petro-

leum exploration and production 

license 183 in East Yorkshire, U.K. 

The West Newton A-2 appraisal well 

is in the western sector of the South-

ern Zechstein Basin and is targeting 

gas in Kirkham Abbey Shoal and 

oil in Cadeby Reef. West Newton 

A-2 has a planned depth of 2,061 m 

(6,762 ft). The estimated contingent 

resources within Kirkman Abbey 

Shoal are 5.3 Bcm (189 Bcf) of gas 

equivalent. The Lower Cadeby has 

a gross, prospective resource of 

79,100 boe.

5 Norway

Aker BP announced an oil and 

gas discovery in offshore Norway’s 

Froskelar Main appraisal well 24/9-

14 S in license 869 in the Alvheim 

area. The well has proven oil and 

gas with the gross resource esti-

mated at 60 MMboe to 130 MMboe. 

The well encountered a total gas 

column of 30 m (98 ft) and an oil 

column of 38 m (125 ft) in the 

Hordaland Group with very good 

to excellent reservoir properties. A 

part of the discovery may straddle 

the U.K.-Norwegian border in the 

North Sea. Water depth in the area 

is 120 m (394 ft). Potential recov-

erable reserves at Froskelar North-

east are estimated at 7 MMboe to 

23 MMboe.

6 Ghana

A gas and condensate discovery was 

reported offshore Ghana in CTP-

Block 4 by Eni. The Akoma-1X well 

on the Akoma exploration prospect 

has an estimated volume between 

15.5 Bcm and 18.4 Bcm (550 Bcf and 

650 Bcf) of gas and 18 MMbbl and 20 

MMbbl of condensate. The discovery 

has further additional upside for gas 

and oil that will require further drill-

ing to be confirmed. The well was 

drilled to 3,790 m (12,434 ft) and is 

in 350 m (1,148 ft) of water. It hit a 

20-m (66-ft) gas and condensate col-

umn in a sandstone reservoir interval 

of Cenomanian age. The well is the 

first one drilled in the block. 

7 Angola

Eni announced a new light oil discov-

ery in offshore Angola’s Block 15/06 

at the Ndungu exploration prospect. 

The new discovery is estimated to 

contain up to 250 MMbbl of light 

oil in place. The Ndungu-1 NFW 

well was drilled in 1,076 m (3,530 ft) 

of water to 4,050 m (13,287 ft) and 

encountered a single oil column of 

about 65 m (213 ft) with 45 m (148 

ft) of net pay with 35-degree-gravity 

oil in Oligocene sandstones with 

excellent petrophysical properties. 

Initial results indicated that the well 

could produce more than 10,000 

bbl/d of oil. The Ndungu-1 NFW 

well is the fourth commercial discov-

ery in the Block 15/06 joint venture 

exploration campaign. The four dis-

coveries are estimated to contain up 

to 1.4 Bbbl of light oil in place. 

8 Lebanon

An offshore exploratory test is 

planned in the Lebanese sector of 

the Mediterranean Sea in Block 4. 

According to Total, Block 4 is a less 

prospective block than 9, but the com-
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pany plans to use exploration at Block 

4 to test the northward extension of 

Oligocene and Miocene sandstones 

(Tamar Sands) found in offshore Isra-

el’s Leviathan and Tamar fi elds. Block 

9 also has possible reserves in its car-

bonate limestone formations, similar 

in geology to offshore Egypt’s Zohr 

Field and Cyprus’s Calypso prospect.

9 Pakistan

Pakistan Petroleum Ltd. has reported 

a hydrocarbon discovery at explora-

tion well Unarpur-1 ST-1 in the Kotri 

North Block (Block 2568-21) in the 

Sindh Province, Pakistan. The well

was drilled to 3,938 m (12,920 ft) to 

test for hydrocarbon potential in the 

Lower Basal Sand of Lower Goru. 

Based on wireline logs and drilling 

results, a completion integrity test was 

done in the zone, which confi rmed 

hydrocarbons in the Lower Basal 

Sand. Additional testing is planned. 

10 Australia

Santos Ltd. announced results from 

an appraisal well in Corvus Field 

at the Corvus-2 well. The Carnar-

von Basin well is in permit Area 

WA-45-R and was drilled to 3,998 

m (13,117 ft). The well intersected 

a 638-m (2,093-ft) gross interval, 

one of the largest columns ever 

discovered across the North West 

Shelf. Wireline logging to date has 

confi rmed 245 m (804 ft) of net 

hydrocarbon pay across the target 

reservoirs in the North Rankin and 

Mungaroo, between 3,360 m and 

3,998 m (11,024 ft and 13,117 ft). 

Gas samples acquired from the 

appraisal well indicate a signifi-

cantly higher condensate-to-gas 

ratio of up to 10 bbl/MMcf and a 

similar CO
2
 content of 7%. The well 

will be plugged and abandoned as 

planned once logging operations 

are completed. 

11 New Guinea

Exxon Mobil announced testing 

results in a Cretaceous Toro Sand-

stone reservoir at appraisal well 

Muruk-2 in petroleum development 

license 9 in the Highlands Province in 

Papua New Guinea. According to the 

operator, the test confi rms gas in pres-

sure communication with Muruk-1 

ST3. The 3,500-m (11,483-ft) well 

fl owed at a maximum rate of 467,228 

cu. m /d (16.5 MMcf/d) of gas during 

testing on a 52/64-in. choke. Down-

hole pressure gauges have been 

installed to monitor the well during 

the pressure buildup phase to help 

evaluate the contingent resources in 

Muruk Field. 

1

2

3

4

5

6

7

8

9

10

11

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

activity highlights database at

http://HartEnergy.com
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PEOPLE

Siemens Gamesa has wel-

comed Alfonso Faubel as 

onshore business CEO, 

effective July 29.

Fairfield Geotechnologies has 

appointed Chris Sugahara CEO.  

He will succeed Charles (Chuck) 

Davison, who has accepted a posi-

tion as COO of Oceaneering Inter-

national Inc. In addition, the com-

pany has promoted Joe Dryer to 

president, Jose Xavier to CFO and 

Elaine Mattos to senior vice presi-

dent of Geosciences.

EMGS has appointed interim CEO 

Bjorn Petter Lindhom as permanent 

CEO of the company.

ION Geophysical Corp.’s 

President and CEO Brian 

Hanson retired June 1. 

Chris Usher (left) has suc-

ceeded Hanson as president and 

CEO and will serve on the board 

of directors.

Jay Bhattacherjee will step down as 

CEO and director of Aminex due  

to health reasons. Tom Mackay  

has been appointed interim CEO. 

The board in due course will com-

mence the process for the recruit-

ment of a new CEO. Linda Beal has 

assumed the role of senior non- 

executive director.

Michael Alan Oehlert has joined 

Hi-Crush Partners LP as COO. Robert 

Rasmus will cease serving as the princi-

pal operating officer but will continue 

in his role as chairman and CEO.

Lars-Tore Berg has joined 

Fishbones as its first CTO. 

SM Energy Co. has appointed  

Herbert S. Vogel COO.

Alessandro Puliti has been 

appointed Eni’s new chief upstream 

officer, effective Sept. 1. He will 

replace Antonio Vella, who will leave 

the company at the end of the year 

after a career spanning more than 

30 years.

Corrosion Resistant Alloys 

LP (CRA) has appointed 

Tommy Najar vice presi-

dent of commercial. He 

will lead CRA’s commercial, market-

ing, accounting, human resources 

and digital optimization teams, 

while serving as a member of the 

corporate leadership team. 

Alisa Johnson has retired from her 

position at Helix Energy Solutions 

Group Inc. as executive vice presi-

dent, general counsel and corporate 

secretary. Ken Neikirk has been pro-

moted to senior vice president, gen-

eral counsel and corporate secretary. 

Dr. Alasdair Brown has 

joined MicroSeismic as vice 

president of engineering. 

GEODynamics has appointed John 

Berner vice president of manufactur-

ing and Brian Hurst vice president 

of electromechanical.

Unique Group has wel-

comed Matthew Gordon as 

regional vice president for 

the Europe and U.K. region. 

Flotek Industries Inc. has named Mark 

Lewis senior vice president of global 

sales and business development.

Ashtead Technology has 

appointed James Christie 

regional director for the 

Asia-Pacific. 

Cairn Energy has appointed Cather-

ine Krajicek as an independent non-

executive director.

Locus Bio-Energy Solutions has 

named Dr. Amir Mahdmoudkhani 

director of technology.

i-Tech 7, Subsea 7’s Life of Field 

business unit, has appointed Craig 

Roberts regional business develop-

ment manager for its Asia-Pacific 

and Middle East region.

Job Biersteker has joined 

ROVOP as business devel-

opment manager in its new 

facility located in Rotterdam. 

Xodus Group has appointed 

Scott Hamilton to lead 

its newly created advisory 

unit, which was established 

to expand its renewables capabilities. 

Apache Corp. has elected Juliet S. 

Ellis to its board of directors.

Olivier Piou and John Yearwood 

have been named to TechnipFMC’s 

board of directors.

David A. Hentschel has retired 

from the board of directors at 

Cimarex Energy Co., and Paul N. 

Eckley has been appointed as an 

independent director and member 

of the Compensation and Gover-

nance Committee.

COMPANIES

Sercel-GRC hosted the grand open-

ing of its new Tulsa, Okla., facility in 

early June. The 5,667-sq-m (61,000-

sq-ft) facility features an improved 

floor layout that increases manu-

facturing capability, efficiency and 

productivity through equipment 

positioning and a lean manufactur-

ing process.

ROVOP has opened a new facility in 

Rotterdam, The Netherlands, that 

features onsite system storage and 

maintenance facilities.

http://HartEnergy.com
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Aquaterra Energy has opened its first 

engineering office and warehouse facil-

ity in Perth, Australia, following recent 

regional contract wins. 

Locus Bio-Energy Solutions is open-

ing new headquarters and laboratory 

in Houston.

Ashtead Technology has announced 

the completion of the firm’s six-figure 

investment to double the size of its Sin-

gapore facility.

Wintershall Holding GmbH and  

DEA Deutsche Erdoel AG completed 

their merger on May 1, forming  

Wintershall Dea.

Aqualis ASA, the parent of marine and 

offshore engineering consultancy Aqua-

lis Offshore, entered into an agree-

ment to acquire the Offshore, Adjust-

ing and Marine business lines from 

Braemar Shipping Services Plc. The 

combined company, to be renamed 

AqualisBraemar ASA, will be an off-

shore, adjusting, marine and renew-

ables consultancy with a broadened 

service offering across all major basins. 

The transaction was expected to close 

by the end of June.

Mohawk Energy has received a 

substantial investment from private-

equity firm Buckthorn Partners

to support its domestic and interna-

tional growth ambitions. Under the 

deal, Mohawk will combine forces 

with Coretrax, which Buckthorn 

invested in during December 2018,  

to provide expandable solutions  

in pursuit of well integrity and 

improved productivity. 
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David Johnson, Petrolink 

A
nalytics is all around us. From social media and 

advertising to shopping and transportation, all 

these industries and more use various levels of analytics 

to enhance or streamline their operations. The oil and 

gas industry is no different, with ambitions for these 

technologies centering on a step change in thinking for 

informed and effective drilling operations. 

But a word of caution: There are tangible barriers 

that require rethinking collaboration within the shared 

drilling environment. Several companies are already 

taking proactive steps in their analytics approach and 

the value they bring to interpretation, drilling or pro-

duction at their companies.

The ambitions of a digital rig with advanced analytics 

have been as varied as the approaches, but they tend to 

center on four promises:

1. Reduced cost through improved 

operational efficiency;

2. Improved hole quality; 

3. Increased understanding of the 

risks to safety and the environ-

ment; and 

4. Reduced cost over the life of the 

well during production, mainte-

nance and workovers.

The concept envisioned is that 

a drilling rig can act as a data platform. All sensors 

about the drilling operation, as well as those that cover 

mechanical systems, are connected and available as 

an information platform. This platform has enough 

security to provide corporate protection but still allows 

interoperability to the various services and technical 

solutions needed to plan, design, refine and monitor 

situations in a timely manner.

Using this information platform, Petrolink then 

applies any variety of processes that can be used to 

address problems. However, there are many barriers 

to the delivery of this promise. With the exception of 

a class of drilling activities services by a single source, 

most drilling platforms are a mixture of solutions from 

the operating company and multiple service companies. 

This blend means that there are literally hundreds of 

technical software systems that are used in the plan-

ning, design and execution of drilling a well. Rarely 

are these systems connected enough to allow advanced 

analytical processes to operate effectively without signif-

icant preprocessing and data preparation.

Analytical systems operate more effectively when 

there is a level of predictability in the naming and 

structures of data. Standards for transfer, access and 

organization of basic data using industry formats help 

build a framework of understanding for the unstruc-

tured data where answers live.

Real-time data are the life blood of analytics; there-

fore, nothing is riskier to a process than to have it 

miss vital data during critical phases of operations. 

Recently there have been published reports from 

major operators where the standard for real-time data 

delivery from the sensor to analyt-

ics engine is measured in minutes, 

not seconds.

As important as the data is the 

confidence in the way those were 

collected and how those correlate 

(in time) to other data collected 

through other processes. Imagine 

trying to drive from Houston to 

Dallas using a map of the U.K.; it 

would be completely useless.

How do we tackle these problems? 

One way is through the recent trend where operators 

are internalizing the data platforms and using control 

of data as the means of ensuring that analytics or data 

sciences may flourish. 

A logical change is to rethink how we value and 

leverage technical services. Historically, we evaluated 

technologies based on data. Now we also measure 

them based on interoperability within the larger infor-

mation landscape.

Finally, revisit the goals of the analytical platform and 

focus on tangible answers by moving from lofty ambi-

tions toward achieving results that are measured in sav-

ings of time or reduction in risk. 

The digital rig—a path from  
hyperbole to sensibility     
These simple steps will help the industry achieve value from the digital rig.

Rethink how  

technical services  

are valued  

and leveraged.

http://HartEnergy.com
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