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O
klahoma boasts so many prospects for successful 

drilling today that there soon could be a short-

age of acronyms to describe them. While the SCOOP 

(South Central Oklahoma Oil Province) and STACK 

(Sooner Trend Anadarko, Canadian and Kingfi sher 

counties) are best known, the Merge or MASS (Merger 

Area SCOOP/STACK) is attracting players, too – and 

renewed interest extends in nearly every direction.

Producers remain focused on operating effi ciently 

and cutting costs to safely navigate what lies ahead. 

Operators, service companies and investors are 

closely examining the factors that drive costs and 

how these vary from one area to the next. Pressure 

pumpers are in great demand. Is there enough water 

and frack sand? How will the Midcontinent compete 

with production from other basins? 

Your best opportunity to fi nd reliable answers to 

these critical questions is the DUG Midcontinent con-

ference and exhibition slated for Sept. 19-21 at the 

Cox Convention Center in Oklahoma City. That’s 

where you can connect with key players operating 

throughout Oklahoma as well as in Southwest Kansas, 

the Texas Panhandle and Northwest Arkansas. Attend 

to hear what steps are being taken to ride out today’s 

commodity markets from extraordinarily candid exec-

utive-level speakers and take advantage of the unique 

networking opportunities only the DUG audience of 

industry professionals can offer.

Defi ning, delineating and de-risking 
new horizons
The STACK play is expanding, both stratigraphically and 

geographically, outgrowing even its acronym. Some opera-

tors are pushing out from its center in Oklahoma’s Blaine, 

Kingfi sher and Canadian counties toward the north, west 

and east. Others are de-risking the Meramec and Osage 

zones across their acreage. For example, beyond areas 

already mentioned, activity has been steadily accelerating 

in southern Canadian and northern Grady counties as 

operators test Woodford and Sycamore reservoirs. 

The speakers at Hart Energy’s DUG Midcontinent

conference will address virtually all of these stacked-

play opportunities when this annual event returns to 

Oklahoma City. Conference attendees will hear what 

has happened to date, what’s working (and what’s not), 

as well as where infrastructure is growing and where the 

rigs are headed. 

Effi ciencies drive continued investment
The cost-effi cient SCOOP and STACK plays and Anadarko 

Basin operations have helped make Oklahoma the second 

most-active oilfi eld region behind the storied Permian 

Stacked Play Opportunities Attract 
DUG Midcontinent Attendees

SPONSORED CONTENT
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Each year the DUG Midcontinent 

conference provides opportunities to 
build hundreds of valuable connections 

with face-to-face networking. 
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Conference and expo 
foster connections
Staying connected to the latest intelligence coming from the field 
and making new business connections are the principal reasons to 
attend the DUG Midcontinent conference. This year registrants will:

■ Hear directly from the most active Midcontinent 
producers – and find out how they are preparing for 
market conditions ahead;

■ See where top industry analysts forecast commodity 
prices to be going into 2018 and beyond;

■ Attend hands-on technology demonstrations in the 
Technology Showcase and with top service and 
supply companies on the exhibit floor;  and

■ Network with hundreds of peers during 9+ hours 
dedicated to networking breaks.
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Basin in West Texas and New Mexico. Producers are 

doubling down on their core assets in the historic Midcon-

tinent’s resource-rich plays. Some consider these opportu-

nities even more attractive than the prolifi c Permian Basin 

when it comes to play economics and profi tability. 

No one knows where prices are going but plenty 

of professionals understand what is happening 

in the fi eld. Their conversations will be heard 

everywhere at DUG Midcontinent as exhibitors 

showcase technology solutions and their regional 

experiences while producers, investors and service 

providers alike meet and mingle during exclusive 

networking opportunities. 

This is the ONE event that brings the entire region 

together. Qualifi ed producer personnel can gain 

access to the exhibition fl oor at no cost. Everyone will 

walk away with new insights into proven best practices 

and hundreds of valuable business connections.

All the ingredients for continued success
The Midcontinent region has all the ingredients for 

sustainable, long-term operations: stacked resources 

for crude oil and associated gas production and – 

most importantly – midstream infrastructure for 

ready access to markets in the U.S. and beyond. 

That’s why, in addition to producers and technology 

providers, a panel of midstream operators rounds-out 

the conference program, too.

Yes, whether it’s “lower for longer” or “better than 

expected,” the resourcefulness that launched 

America’s shale revolution is carrying producers 

through this business cycle. Renewed optimism based 

on solid fundamentals is the primary reason why 

interest in Hart Energy’s DUG Midcontinent confer-

ence and exhibition is running so high. 

The DUG Midcontinent conference and exhibition takes place 

Sept. 19-21, 2017, at the Cox Convention Center in Oklahoma 

City. To register to attend or learn more about exhibiting and 

sponsorship opportunities, please visit DUGMidcontinent.com.

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.

The DUG Midcontinent exhibit floor 

hosts the best technology solutions 

and reflects proven best practices 
for producers in the region. 

Full-conference attendees at DUG Mid-

continent hear the region’s top producers 

discuss key technologies, prospective 
targets and operating strategies.
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ABOUT THE COVER A seismic horizon from an IsoMetrix tech-

nology 3-D multiclient data sample processed in the color domain 

using eXchroma software at 12.5 m is shown in Flemish Pass, offshore 

Newfoundland, Canada. Left, a beam pump in an oil field in Patagonia, 

Argentina, is shown. (Cover image courtesy of WesternGeco, and 

eXchroma and IsoMetrix are marks of Schlumberger; Left image cour-

tesy of Lalito, Shutterstock.com; Cover design by Felicia Hammons)
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BP to drill 12 Mancos Shale exploratory tests      
BP has scheduled 12 horizontal exploratory tests targeting Mancos 
Shale gas in the New Mexico portion of the San Juan Basin.

Parkman discovery produces 2.959 Mbbl of oil    
A Ballard Petroleum Holdings Inc. Parkman discovery was tested fl ow-
ing 2.959 Mbbl of 43-degree gravity oil, with 62 Mcm (2.184 MMcf) of 
gas and 1.302 Mbbl of water daily. 

Scoop-Sycamore completion fl ows 860 boe/d     
IHS Markit reported that Ward Petroleum Corp. completed a Scoop 
play Sycamore (Mississippian) producer. The #26-23-1XH Lynda, 
Section 26-5n-6w of Grady County, Okla., initially fl owed 451 MMcm 
(15.95 MMcf) of gas, 860 bbl of condensate and 2.15 Mbbl of load 
water per day following fracturing. 

BP, Woodside crank up offshore gas projects

By Velda Addison, Senior Editor, Digital News Group

The latest startups mean BP has brought fi ve of 
its seven major 2017 projects onstream. 

DOWNLOAD
THE APP

AVAILABLE ONLY ONLINE

Oilfi eld services sector continues 

consolidation with Nabors-Tesco 

merger
By Emily Patsy, Associate Editor, 
Digital News Group

Nabors’ roughly $216 million acquisition 

of Tesco is a “rare win-win in oil patch 

consolidation,” analyst says.

Kuwait taps Jurassic reservoirs to 

meet soaring gas consumption
By Abdelghani Henni, Contributing Editor

Exploration activity targeting Jurassic 

carbonate reservoirs in North Kuwait 

has led to the discovery of six major 

tight gas fi elds in the last decade.

Satellite imaging technology 
meets oil, gas
By Velda Addison, Senior Editor, 

Digital News Group

Planet, a satellite imaging company, 
has entered the energy space, focus-
ing on asset management, competi-
tive analysis, risk management, explo-
ration and other areas.
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¡Hola, Mexico!     
The Zama-1 discovery could be just the beginning for Mexico’s 

next chapter.

I
nternational oil companies (IOCs) and national oil companies have always 

had different agendas. The former are all about shareholder value, while 

the latter have to keep their countries’ interests and welfare in mind.

But sometimes those lines start to blur, and Mexico is a good case in point. 

While PEMEX partnered with IOCs for years, it was always the sole keeper of the 

family farm, so to speak, and it became obvious a few years ago that a single com-

pany couldn’t keep up with the riches that were gifted upon the country. So in 

2013 the country began investigating a resolve to change that business structure.

And it’s paid off. Talos Energy recently announced a discovery at the Zama 

Block in the Sureste Basin, Mexico’s main producing area. Partners include 

Premier Oil and Sierra Oil and Gas. Premier estimates that the field contains 

up to 500 MMbbl.

Premier reported that there is “room to grow” in the area. According to 

a press release, the company plans to participate in this year’s License 2.1, 

which includes the blocks surrounding the discovery. 

Talos told E&P earlier this year that it liked the setup of the Miocene-aged 

traps and their response to the geophysics. “It’s similar to how we have built 

companies on the U.S. Gulf of Mexico [GoM] side,” said Talos CEO and Pres-

ident Tim Duncan.

The ability to shoot new seismic has been part of the answer. When the initial 

Mexico license rounds were announced, data rooms consisted of legacy seismic 

data that were years old. But once those regulatory fetters were lifted, the geophysi-

cal contracting industry lost no time covering the area in new high-tech surveys. 

ION Geophysical, for instance, noted in a press statement that it had “col-

laborated closely” with Talos to reprocess and reimage data over its blocks 

in the GoM—“one of the most complex oil and gas provinces” requiring 

advanced seismic techniques to understand the geology. Talos, in return, 

noted that its confidence in these new imaging techniques provided “signifi-

cant uplift” of prospects like Zama.

The picture on the front of this month’s issue looks like a rock outcrop but is 

actually a seismic image of the Flemish Pass region offshore New-

foundland using new imaging techniques. Many countries 

will benefit from the advances that have been made in imag-

ing techniques as their doors open to new opportunities. 

Correction: In the story “Sustaining EOR in today’s economy” (Vol. 90, Issue 8), Jody 

Elliott was incorrectly identified. Elliott is the president of Occidental Oil and Gas 

Domestic. The story also inaccurately reported Oxy’s first-quarter 2017 EOR production 

in the Permian Basin. Oxy produced 145 Mboe/d through EOR in first-quarter 2017, 

and its total production for first-quarter 2017 in the Permian Basin was 270 Mboe/d. 

http://EPmag.com
mailto:rduey@hartenergy.com
http://EPmag.com
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Paul Goydan and Kristen Speicher,  

The Boston Consulting Group

T
he history of the modern shale oil business has been 

a tale of continuous innovation. By pioneering meth-

ods for horizontal drilling and hydraulic fracturing, 

innovators made shale deposits a prime source of North 

American oil and gas production. And steady efficiency 

gains have proved once again the power of experience 

curves, a concept developed in the mid-1960s by Boston 

Consulting Group founder Bruce Henderson. 

Henderson observed across industries that per-unit 

costs decline as cumulative volume increases, but only 

if conscious action is taken to capture and apply the 

knowledge gained. The shale business has taken the 

right actions by turning lessons learned into better pro-

cesses and technologies, improved economies of scale, 

and increased production and recovery.

Setting the curve
The results are seen in the steady decline of well capex 

per barrel of oil equivalent (boe) recovered as 120,000-

plus horizontal shale wells have been drilled across 

U.S. basins. With each doubling of the number of wells 

drilled costs have declined by 23% in the Bakken, 36% 

in the Eagle Ford and 41% in the Permian (adjusted for 

commodity and input prices including the costs of oil 

services). Newer shale basins are able to achieve faster 

experience-based cost improvements by applying knowl-

edge gained from older plays (Figure 1).

To preserve margin amid plummeting oil prices in 

2015 and 2016, operators conducted heavy layoffs and 

pressured oilfield service companies for large price conces-

sions. As a result, operators were able to maintain a com-

petitive cost structure and realized reductions in capex per 

boe beyond what the experience curve would predict.

Although West Texas Intermediate (WTI) crude 

prices have dropped slightly in recent months, the 

price has rebounded from 2016 lows, with WTI now 

above breakeven pricing for operators. With this rise 

the large capex per boe reductions achieved in the past 

two years are unwinding as oilfield service companies 

are raising prices due to shortages of high-specification 

drilling rigs and tight supply of hydraulic fracturing 

equipment. Meanwhile, labor shortages hamper the 

ability to ramp up supply, and logistical planning from 

spud to production is increasingly challenged, threat-

ening returns on investment. 

Beyond the natural challenge of staying on the expe-

rience curve, operators must cope with the additional 

disruption in the supply landscape and severe loss of 

knowledge in the sector as a result of layoffs. Operators 

face an incredible chal-

lenge ahead to get back 

on the experience curve 

and maintain a lean cost 

structure. The biggest 

lever to meet this chal-

lenge is digitalization. 

Embracing digital
Digital technologies can 

be applied along the 

entire upstream value 

chain to reduce costs, 

increase production, 

make faster and better 

decisions and raise labor 

productivity. Across 

industries digital is chang-

ing the way customers, 

The digital imperative  
Shale’s next great challenge is embracing all the possibilities of digital.

FIGURE 1. The capex per barrel for major U.S. unconventional oil basins with data from the top 10 operators 

adjusted to be net of supplier cost compression is shown. (Source: The Boston Consulting Group)

http://EPmag.com
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suppliers and employees interact, creating new business 

models, attracting new players and increasing competition. 

The digital oil field is a complex ecosystem made up 

of operators, oilfield service companies and technol-

ogy entrants, both startups and established industry 

titans. Each are developing or adopt-

ing technologies across 11 digital 

domains (Figure 2) at different paces 

depending on the nature of their 

core business and the proven bene-

fits that technology can introduce to 

their business. 

In the oilfield service space, offer-

ings are primarily seen in real-time 

communication and tracking, simula-

tion and machine learning, and robot-

ics and automation. Meanwhile, oper-

ators have made strides in Big Data 

and analytics, sensors, 3-D scanning 

and cybersecurity. Some operators are 

investing in 3-D printing, mobile con-

nectivity and augmented reality, and 

unmanned aerial services. Across the 

sector companies are rapidly testing 

new use cases and technologies.

Technology entrants are collaborat-

ing or directly competing with oper-

ators in Big Data and analytics, real-

time communication and tracking, 

sensors, and cybersecurity. Technology 

entrants lead efforts in cloud com-

puting and storage, 3-D printing, and 

mobile connectivity from the wellhead 

to the home office.

Operators, oilfield service companies 

and technology entrants are provid-

ing solutions and fighting over data. 

Players must rapidly decide whom 

to partner with, where to invest and 

how to prioritize build vs. buy. Digital 

mastery will require companies to 

take risks beyond proven technologies 

to pilot, test, fail fast and ultimately 

deploy what wins.

As a whole, the oil and gas industry 

lags behind others in embracing the 

digital megatrend but is a prime can-

didate for the next big wave of digita-

lization. With short cycle times and a 

culture of innovation, the shale sector 

can play a leading role.  

Implementing digital
Digitalization needs to be tackled on both short- and 

long-term horizons. In the short term, companies 

should focus on their core by using proven technol-

ogies to digitalize discrete functions, cut costs and 

http://EPmag.com
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increase productivity. This usually involves replacing 

manual processes and using data and online systems 

to make the business leaner, more agile and 

more effi cient. These improve-

ments can fund long-term 

innovation beyond the core 

business into the future digital 

energy landscape. 

Digital efforts can be classi-

fi ed into three operating model 

archetypes that correspond to 

a company’s stage of digital 

development: digital opportun-

ism, digital centralism and dig-

ital activism. In digital oppor-

tunism digital initiatives and 

functions are launched across 

an organization but are mostly 

independent of one another. 

In digital centralism there is 

an overarching corporate strat-

egy for digital transformation, 

and the digital portfolio is cen-

trally coordinated. Digital activism is the most advanced 

model, with digital engrained throughout the company 

including in its culture, operations, innovations and 

value proposition. Most oilfi eld companies are moving 

from digital opportunism to centralism, with a few 

examples of more mature digital profi les.

The shale sector faces a digital imperative. Each orga-

nization must choose the type of 

digital operating model it wants 

to embody based on the maturity 

and ambition level of the organi-

zation. But for digital ambition to 

become reality, companies must 

build the capabilities and culture 

required to take full advantage.

The operating improvements 

and effi ciencies that come with 

digitalization can spur break-

through growth for those that 

brave this new frontier. However, 

operators and service companies 

that fail to embrace digitalization 

risk falling far behind the experi-

ence curve, placing their organi-

zation at a considerable competi-

tive disadvantage. 

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 your story ideas to Group 
Managing Editor Jo Ann Davy at jdavy@hartenergy.com.

Big Data and analytics 
Machine learning to identify new oil deposits, 

design wells and drill autonomously

Cloud computing and storage 
Cheap, fl exible, on-demand processing 

power for companies of any scale to leverage

Simulation and virtual reality 
Subsurface digital twin to better test perfor-

mance and predict equipment failures 

Real-time communication and tracking 
Equipment that seamlessly communicates with 

suppliers to automate just-in-time delivery

3-D scanning 
More accurate and cost-effective brownfi eld 

projects with scans of as-is state 

3-D printing
Rapid prototyping of equipment so 

engineers can better engage with designs 

Augmented reality and 

mobile connectivity
Codifi cation and dissemination of expert 

knowledge to the fi ngertips of employees 

around the world

Unmanned aerial vehicles 
Drones that perform structural integrity checks 

and monitor fl owlines to minimize downtime

Sensors 
Sensor cost that has decreased exponentially, 

enabling more equipment to provide real-

time data

Robotics and automation 
Robots deployed to hostile environments and 

remote facilities to minimize human risk

Cybersecurity 
Protecting critical infrastructure, knowledge 

and data integrity 

1

2

3

4

5

6

7

8

9

10

11

FIGURE 2. The 11 digital domains listed are reshaping the energy world. (Source: The Boston Consulting Group)

Digital activism is the most 
advanced model, with 

digital engrained through-
out the company including 

in its culture, operations, 
innovations and value 

proposition. Most oilfield 
companies are moving 

from digital opportunism 
to centralism with a few 

examples of more mature 
digital profiles.
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OIL FIELD

Zachary Oliva, Eiffel Trading

I
n a world in which a barrel of oil is running at $40 to 
$50, the petroleum industry is always looking for ways 

to make E&P operations easier and cheaper. One way is 
through its increasing use of IT. Oil and gas companies 
are embracing the Internet of Things, looking to digi-
tize and using cloud technologies and mobile devices to 
cut costs while still turning a profit in the downturn.

While the business-to-business (B2B) wave of e-com-
merce technology might not be generating as much 
buzz as the use of the aforementioned technology dar-
lings of the oil field, there is a substantial argument as 
to why its use is as much or possibly of more value. 

According to estimates by market research firm 
Forrester, B2B e-commerce will reach $1.2 trillion and 
account for 13.1% of all B2B sales in the U.S. by 2021. 
Forrester expects e-commerce to reach $889 billion and 
represent 11% of total B2B sales in the U.S. by the end 
of the year.

The oil and gas industry has long been at the fore-
front of technology and product development whether 
that be downhole sensor technology, 3-D seismic or 
hydraulic fracturing, but it arrived late to the party of 
e-commerce. From buying drillbits online to negotiating 
for engineering services such as logging or seismic data 
acquisition, e-commerce can help companies reduce 
risk, lower capital requirements and move more quickly 
than their competitors. 

Challenges, benefits
There are many different factors causing the industry’s 
slow adoption of e-commerce technology. One of the 
biggest challenges to its use has been the oil and gas 
industry’s traditional culture. Older professionals in the 
workforce have relied heavily on field sales representa-
tives who are able to drive results by engaging directly 
with their customers. E-commerce might eliminate this 
comfort with human contact or feel too impersonal to 
maintain close business relationships, even though the 
incoming millennial generation has mastered it.

Most oil and gas companies are waiting for com-
petitors to take the first step toward the adoption of 

technologies to streamline their workflows and improve 
their data collection. No one wants to be first to fail. In 
this industry everyone wants to look like a winner. 

Another factor that can reduce traction for e-com-
merce platforms is the trust factor—can the custom-
er trust the unknown party on the other side of the 
transaction? After all, there is a big difference between 
buying books on Amazon vs. buying several truckloads 
of pipe or casing online. While internet shopping may 
work for standard parts and supplies, e-commerce skep-
tics stress that no oil well is alike. Therefore, the equip-
ment and materials required to drill and produce it will 
not be standard and cannot be found online. 

But the oil and gas industry is starting to experience 
the benefits of using e-commerce to buy, sell and rent 
used and surplus equipment and materials. The real-
ized benefits could far surpass any advantages the indus-
try might have imagined to achieve from online pro-
curement. E-commerce and its use through mobile tab-
lets and smartphones has radically changed the process, 
thereby increasing the speed of transactions, lowering 
costs, reducing project time lines and even improving 
the planet’s carbon footprint. 

However, many oil companies continue to depend 
upon the comfort of using equipment and materials auc-
tions facilitated by a third party to manage their transac-
tions. While the practice of using e-commerce has long 
been a foreign concept to this industry, oil companies 
should consider adopting its use for numerous reasons. 

One-stop shop
E-commerce platforms have the power to link operators 
and suppliers right from the comfort of their home or 
office. No more chasing and bidding for equipment 
in 37 C (100 F) heat. Operators can request the equip-
ment and materials they’re looking for, and suppliers 
can post their complete suite of available products 
online, extending their offerings to operators immedi-
ately and consistently.

Speed of delivery
This is an obvious benefit and can be expressed in 
multiple ways as it pertains to e-commerce use by the 
industry. Using e-commerce offers project managers the 

It’s the oil field’s turn with e-commerce 
Online auctions offer shoppers an attractive alternative to traditional oilfield equipment 

and supply procurement options.
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ability to offload or shop for and purchase equipment 

and materials online in a matter of minutes vs. weeks or 

even months. Orders can be quickly transacted, shipped 

and tracked in real time on their way to a location. 

Managers are also freed up to focus more on operations 

while awaiting or shipping their goods as most transpor-

tation logistics are managed by online distributors. They 

can even leverage the power of e-commerce technology 

to immediately update and modify the delivery logistics 

of their order if a change is required. 

Additionally, e-commerce use quickly helps meet rap-

idly changing customer demands, allowing for a quick 

and nimble response. This is vital to ensure customers 

achieve bottom line results and also slash time off of 

project deadlines, getting to completion quicker and 

more efficiently.

Cost containment
The surplus and used equipment market is incredibly 

fragmented and complicated, with multiple pathways 

and intermediaries between buyers and sellers. With 

so many participants in the marketplace, value to 

the customer has been replaced by margin prolifer-

ation. The use of e-commerce solutions offers these 

customers a different option to buy, sell and rent 

online, eliminating the need for a middleman and 

allowing increased cost savings and containment. It 

also enables accounts payable to pay invoices more 

efficiently and on time through secure web-based 

environments, accurately match invoices and deal 

with less manual intervention.

Asset management
In an e-commerce environment where suppliers can 

gain insight into operators’ needs, assets can be man-

aged more strategically. E-commerce platforms offer the 

ability to foresee where the greatest opportunities are, 

and suppliers can concentrate equipment and resources 

where they are needed and reduce costs associated with 

stagnant assets and unused inventories. 

http://EPmag.com
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John Colpo, Honeywell Process Solutions

T
he North Sea is irreplaceable for Europe as a sup-

plier of oil and gas; more than half the natural gas 

and a quarter of the oil consumed today in the EU come 

from the region.

A host of factors are adding costs, reducing revenues 

and creating new risk management issues for oil and gas 

companies in the North Sea. Adding to those concerns is 

greatly heightened regulatory oversight and public scrutiny 

of environmental and safety risk. This situation demands 

an evolved perspective on offshore operating strategies.

Today’s demands
Rising costs and increasing safety concerns for offshore 

facilities present continuing and stubborn challenges for 

the industry as a whole, its operators and supply chain. 

Adopting innovative improvement and optimization 

methodologies becomes mandatory for operators striv-

ing to increase their bottom line to increase productiv-

ity, improve economics and expand collaboration.

Realizing remote operations in the 
North Sea 
IIoT is a game changer for onshore monitoring and management of platforms.

September 2017   |   EPmag.com14

Rising costs and increasing safety concerns 

for offshore facilities present continuing and 

stubborn challenges for the industry.  

(Source: sculpies, Shutterstock.com)
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Around the clock workers must ensure offshore production runs smoothly. 

But the people who staff offshore facilities and handle the equipment  

and materials must endure the most extreme of environmental conditions 

and hazards.

Nevertheless, the development of new oil and gas assets requires compa-

nies to set up farther offshore into more isolated locations and smaller, more 

marginal fields. And so it becomes increasingly important to manage those 

operations efficiently while reducing hazards to workers, plant assets and the 

environment.

Going remote
Fluctuating downstream market dynamics are impacting the upstream sector, 

requiring more flexibility and efficiency in the production of liquids and nat-

ural gas. Increased capital project costs and operational costs combined with 

commodity price instability make it essential to lower opex while improving 

production levels. In addition, safety can be improved by limiting helicopter 

flights and boat trips to offshore facilities and by reducing the number of peo-

ple onboard platforms.

Staffing can be a challenge in today’s environment. With operations situated 

in remote areas, it is difficult and costly to attract and retain a talented work-

force to cover all work disciplines required in a self-contained offshore instal-

lation. This leads to a high degree of staff turnover, which reduces the average 

experience levels offshore, encourages discontinuity and increases the levels and 

standards required in training and onboarding new staff. Moreover, in many 

disciplines an aging workforce shrinks the available talent pool even further and 

makes the need to leverage residual expertise more acute.

Optimizing operations
There are good reasons for upstream producers to implement a remote oper-

ations strategy for offshore platforms, even for the most complex facilities. By 

moving personnel off the platform and instituting unmanned operations, they 

expect to achieve significant safety improvements while boosting efficiency by 

centralizing all control functionality at an integrated onshore location.

Improvements in remote monitoring and data analytics also help in mov-

ing from a traditional scheduled maintenance strategy, with frequent routine 

inspections and high equipment repair and replacement costs, to condi-

tion-based maintenance that monitors the actual condition of the asset to 

decide what service needs to be done.

Experience has shown that a holistic remote operation, control and safety 

solution provided by a single vendor with all of the required technology build-

ing blocks simplifies equipment on the platform topsides and minimizes capex 

and maintenance complexity. Earlier paradigms of having independent moni-

toring and automation systems for each topside package were more complex to 

implement, manage and maintain due to the need for multiple interfaces and 

supplier contacts.

In addition, an integrated control and safety system enables control room 

personnel to easily monitor and control a wide range of production processes. 

This solution provides a full data visualization capability for operators so they 

can easily assess any issues. For example, with control room projectors acting 

as a live video feed, operators have full visual contact with team members sta-

tioned on the platform. The system captures data from third-party systems and 

http://EPmag.com
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integrates it into the console, and the use of distributed 

server architecture is key to collating these data on one 

screen and in a meaningful language.

Importantly, the use of onshore and offshore col-

laboration stations enables operators to share infor-

mation visually and in real time so that expert advice 

from those not on the platform can be sought. Remote 

collaboration also allows much faster creation and uti-

lization of best practices across a network of operating 

assets, thereby contributing to better knowledge reten-

tion and management as well as greater efficiency.

Engineering, procurement and construction firms 

are finding that an onshore central control room 

makes the best use of resources by creating an opera-

tions hub where experts from a variety of disciplines 

can access information, troubleshoot equipment and 

optimize production, all from a single location. Control 

system and software upgrades are implemented via 

remote access technology. Remote maintenance and 

upgrades where physical devices are involved can be 

accomplished using both mobile field-deployable cam-

eras and onsite operators. 

By employing a fault-tolerant Ethernet-based indus-

trial control network, production companies are able 

to connect clusters on offshore facilities with a dis-

tributed control system (DCS) located onshore. The 

network can use backup communications paths to 

continue operations in the scenario of communica-

tions interruption. Smart, internet-enabled instrument 

buses also supply valuable diagnostic information from 

installed field devices.

Thanks to safety-instrumented systems (SIS) both 

onshore and offshore, it is possible to collate safety-crit-

ical information from all field devices. A safety integrity 

level (SIL) 3 SIS installed onshore and in parallel with 

a SIL3 independent shutdown function enables remote 

emergency shutdown of the platform if necessary. With 

a critical alarm panel operators can initiate the correct 

shutdown procedure if any abnormal situations arise.

Finally, ISA 100 wireless technology can be deployed 

on offshore platforms to enable machine monitoring, 

leveraging the topsides simplification benefits of a 

wired vs. wireless architecture. The use of an equip-

ment and process health monitoring solution provides 

onshore workers with as much data as possible from 

critical equipment offshore, helping to enable a condi-

tion-based maintenance regime.

Looking ahead
The global oil and gas industry’s hunt for hydrocarbons 

in increasingly remote, extreme environments and its 

focus on safety and efficiency as it faces a shortage of 

Remote monitoring and management solutions enable experts from various disciplines to access information, troubleshoot equipment 

and optimize production, all from a single location. (Source: Honeywell Process Solutions)  
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expertise is driving the need for Industrial Internet of Things (IIoT) solutions. 

IIoT is a key enabler of remote monitoring and management for industrial sites. 

It enables data captured by operational systems to be combined with analytics to 

help optimize operations, streamline effi ciency and increase profi tability.

By making effective use of the industrial internet, E&P fi rms gain new 

opportunities to lower the cost of operating offshore while improving safety. 

With the right tools, infrastructure and know-how, they can counteract low 

oil prices and maintain profi tability and return on investment (ROI).

The primary benefi ts from implementation of IIoT come from the ability 

to access platform data in one place. These data have been available to oper-

ators for some time, but extracting them from disparate sources and making 

sense of them have proved diffi cult.

There are three keys to the effective use of IIoT: fi rst, securing access to the 

data being collected; secondly, the capability to analyze those data; and lastly, 

the domain knowledge to understand how to deploy information to benefi t 

the operation. 

These capabilities hinge on an infrastructure leveraging technologies such as 

fault-tolerant Ethernet to increase the availability of network solutions as well as 

cybersecurity solutions to ensure reliable operations and protect crucial data.

Additional technologies to drive improved maintenance and reliability include

• Smart digital communication systems enabling maintenance of device cali-

brations without the need for trips to the fi eld;

• Equipment health monitoring applications to predict and prevent failures 

and poor performance in large equipment;

• Closed-circuit television systems serving as the “eyes and ears” of remote 

operations staff, including the nonvisual spectrum such as thermal, radar 

and night-vision and video-based analytics;

• Automated device commissioning for instruments and sensors to 

improve engineering effi ciency while keeping automation systems off 

the critical path; and

• Worker mobility solutions providing on-demand information to 

make operational decisions on production, maintenance, safety and inci-

dent management.

digital
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Putting advanced technology to work

Recently, Honeywell Process Solutions provided advanced automation 

and safety solutions for Statoil’s first production platform that will be 

operated from shore. The Valemon gas platform sits in about 135 m (440 

ft) of water on the Norwegian Continental Shelf. Control operations for the 

unmanned facility have been relocated to Bergen, some 160 km (100 miles) 

away from the platform itself.

Honeywell served as the main automation contractor for the Valemon 

project, providing integrated technologies such as

• DCS architecture;

• Protective, fire and gas, and emergency shutdown systems;

• Closed-circuit television technology; and

• Intelligent instrument and sensor communications infrastructure 

as well as instrument maintenance and management solutions. ■
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The implementation of IIoT can provide the visibility needed to control 

and maintain critical human and production assets. This allows companies 

to better predict when equipment needs maintenance, to track the location 

of workers and spare parts on rigs and to know how many people to evacu-

ate when an incident occurs.

Realizing benefits
Experience has shown that integrated remote monitoring and management 

technologies connecting operating sites to a central facility create a collabo-

rative environment that becomes the driver of production improvement. The 

result is true business transformation, enabling users to monitor and manage 

operational activities in real time or near real time. Companies make the best 

use of resources by creating an operations hub where experts from a variety 

of disciplines can access information and troubleshoot and optimize produc-

tion, all from a single location. Control system and software upgrades also 

can be implemented via remote access technology, and remote maintenance 

and upgrades where physical devices are involved can be accomplished using 

both mobile field-deployable cameras and onsite operators.

Any reduction in the number of personnel needed to run an offshore plat-

form quickly adds up to a considerable cost savings and inherently reduces 

the potential for casualties during emergency incidents.

An IIoT-based remote operations solution can help oil and gas producers 

manage critical assets regardless of their physical location so that they can 

securely access all their data, seamlessly deliver information when and where 

it’s needed, create and monitor enterprise performance indicators for deci-

sion support, and enforce consistent operational and business processes. As a 

result, they are able to act and react faster to reservoir, supply chain and mar-

ket conditions; increase productivity and reliability; and improve the safety of 

their employees with less downtime and more production availability. 

With the right IIoT tools, infrastructure and know-how oil and gas companies can counteract 

low oil prices and maintain profitability and ROI. (Source: Honeywell Process Solutions)  
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W
ith a growing global emphasis on clean energy 

many energy companies are embracing a broader 

range of energy sources as they step forward with long-

range projections about what the world will look like 

in the future. In most of these forecasts the world of 

tomorrow will look very different from the present, and 

renewables will play an expanded role. 

While most of the current forecasts have made 2030 

their target, Eirik Wærness, senior vice president and 

chief economist at Statoil, has stepped farther out, 

looking two decades beyond the others with a forecast 

for 2050. He shared his outlook and insights from the 

seventh edition of his “Energy Perspectives” report at an 

event hosted by the Baker Institute Center for Energy 

Studies at Rice University in June.

Wærness prefaced his comments with a disclaimer that 

his views are not necessarily those of Statoil and that the 

company’s leadership, while commissioning the report, 

did not in any way guide it or frame it.

Three scenarios
The path the world follows toward its energy future will 

be impacted by many factors, including how the coun-

tries of the world cooperate in framing the energy mix. 

Populism is changing the direction of politics in a num-

ber of countries, and a change in outlook has moved the 

U.S. into a lukewarm supporter of such global initiatives 

as the Paris Agreement. The variables that impact the 

future of energy are many, which expands the range of 

possibilities. Taking this into account, Wærness created 

three possible scenarios in creating his 2050 forecast.

The fi rst scenario is reform, which he characterized 

as “more market-driven” and impacted by technology 

development. This scenario is defi ned as one that pro-

ceeds from current macroeconomic and energy market 

trends and, in climate policy terms, from the Nationally 

Determined Contributions in the Paris Agreement, with 

a gradually less prevalent role for market-correcting poli-

cies as market-based solutions drive and deliver energy-

effi cient and low-carbon technologies.

The second scenario, “the one 

we should all hope for because 

it delivers the highest economic 

growth and the lowest fuel emis-

sion,” is renewal. This scenario 

is driven by climate policies and 

agreements that join countries in 

a common goal. While this is not 

Utopia, “it is realistic in the sense 

that it is very likely,” according 

to Wærness. It presents the most 

positive picture. Although it is tech-

nically possible, it is a very challenging pathway to energy-

related CO2 emissions consistent with the 2 C target for 

global warming. The renewal scenario includes rapid and 

coordinated policy changes, accelerated energy-effi ciency 

improvements and large changes in the global energy 

mix driven by revolutionary development in electricity 

generation and parts of the transport sector.

The third scenario is rivalry, what he called a “con-

fl ict scenario” that is driven by conventional policy. “It 

is a scenario in which we don’t trust each other,” he 

explained. “We put sanctions in place against coun-

tries we don’t like. We don’t share technology. We 

don’t believe in free trade.” This creates an “us against 

them” antagonism that makes cooperation diffi cult in 

a multipolar world, where there is mounting distrust in 

conventional politics and policy-making and expanding 

protectionism and geopolitical confl ict. In this scenario, 

the focus is on security of supply. These and other prior-

ities overshadow global climate targets.

According to the 2017 report, all the scenarios rec-

ognize that the global population is growing, and more 

people are becoming part of the global middle class, 

which is creating economic growth that is feeding the 

underlying growing global demand for products, ser-

vices and activities that require energy.

The spectrum covered by these scenarios is necessarily 

broad, Wærness said, ranging from a “global precau-

tionary focus” on the one hand to a “national, regional, 

tribal rivalry” on the other.

The goal in presenting a set of scenarios is to take a 

broad view of possibilities and to create a forecast that 

Energy outlook considers a range of 
scenarios for the global energy future 
Statoil economist shares insights in a forecast that extends through 2050.  

Eirik Wærness
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looks at a range of probable outcomes. “We realize look-

ing 33 years into the future, the uncertainties are huge,” 

he said. 

With that admission acknowledged, there is one basic 

objective, Wærness said. “Instead of being precisely 

wrong, we hope to be vaguely right.”

The path forward

Regardless of which scenario plays out, he said, “We 

need a fantastic, absolutely mind-boggling improve-

ment in global energy effi ciency” if the world is to 

get a handle on its energy usage. In fact, for any sub-

stantive measure of success, “We will need to improve 

energy effi ciency much more rapidly than we have to 

date,” he said.

Even for the renewal scenario, which Wærness 

describes as the most realistic of the three, it will be 

extremely diffi cult to achieve the targets he has put for-

ward. This scenario projects a fall in energy demand of 

6% from 2014 to 2050, during which time the economy 

is expected to be 2 to 2.6 times larger and the popula-

tion will have grown by 2.4 billion people. 

In the reform scenario demand is expected to be 25% 

higher, and in the rivalry scenario it is 30% higher.

To achieve the goals of the renewal scenario, energy 

effi ciency will have to be improved globally “three 

times faster in the next 35 years than in the last 25,” 

he said. 

So how will effi ciencies be achieved? Wærness pro-

vided one simple example: The world might have three 

times as many aircraft on earth in 2050, he said, but they 

may be powered by something other than jet fuel and 

very possibly will operate from a fuel source that emits 

considerably less CO2.

While technologies could be transformational, they 

alone will not get the world to this objective. Behavioral 

changes will be critical. “We should not underestimate 

the needed transformation in terms of energy effi ciency 

improvements, fuel mix changes and modifi ed con-

sumer behavior,” he said.
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There is a signifi cant need for new oil and gas invest-

ment in all scenarios because production from existing 

reserves cannot keep up with 

demand. Coal demand is the 

most important key to global 

CO2 emission levels in all the 

scenarios, Wærness explained, 

noting average annual growth 

rates vary from -3.1% to 0.4%, 

resulting in coal demand in 

2050 that could range from 

30% to 110% of the demand 

level in 2014. That is an enor-

mous range of possibilities.

There also is a need for 

investment in new renewable 

sources of electricity. In par-

ticular, solar and wind energy 

use will have to increase sig-

nifi cantly, delivering between 

eight and 18 times more electricity in 2050 than in 2014.

Achieving that level of renewable energy output will 

be extremely challenging. “We have 200 times more 

solar panels now than we did in 2000,” Wærness said, 

which on the surface looks impressive. But while this 

seems like great progress, it 

amounts to less than 2% of the 

energy mix. “Decarbonization 

has to speed up if we’re going 

to get CO2 emissions down,” 

he said.

Clearly, “this will not be a 

walk in the park,” he said, but 

there is hope on the horizon, 

and collaborative and cooper-

ative efforts will be the instru-

ments of change.

“The renewal scenario is 

a bold hope,” he said. “It 

requires us to stop talking tar-

gets and start implementing 

measures to achieve them.”

In the end, the effort will 

pay enormous dividends. “After all, we are the ones 

who benefi t from global climate change not happen-

ing,” he said. 

Rivalry

Reform

Renewal

Local/national permissive focus 

Constructive market rule

Destructive market rule

Market-driven

Policy-driven

Global precautionary focus 

• Energy supply 

security concerns

• Local pollution                         

concerns

THREE DIFFERENT TALES OF THE FUTURE TOWARD 2050

The ‘Energy Perspectives’ report presents three scenarios based on different assumptions about regional and global economic growth, 

technological developments, market behavior, confl ict levels, and energy and climate policies. The objective is to view them collectively 

for a realistic impression of the very wide outcome space for developments in global energy. (Source: Statoil)

Renewal a tremendous challenge; Rivalry unpleasant

“The renewal scenario is 

a bold hope. It requires 

us to stop talking 

targets and start 

implementing measures 

to achieve them.” 

Ñ Eirik W¾rness, Statoil
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Richard Mason, Chief Technical Director

T
ake your money and place your bets: It’s planning 
time in oil and gas. With budget deliberations in full 

swing, perplexed oil service managers are contemplat-
ing the 2018 order of battle. 

The quick answer for direction in 2018 activity 
is simple enough: It depends on commodity price, 
which depends on global inventories, which depends 
on the actions of nation states in the world’s largest 
hydrocarbon-producing provinces. And it depends 
on the individual actions of hundreds of indepen-
dent oil and gas producers in the U.S.

Maybe 2018 budgeting is not so simple after all.
Sustained commodity pricing in the low $50s  

for West Texas Intermediate—and $3.20 or above 
for natural gas—would 
expand demand for all 
oil service lines in 2018. 
Sustained pricing below 
$45 would cause demand to 
contract for all oil services 
except well stimulation.

Consequently, the 2018 
story provides multiple nar-
ratives depending on service 
line and commodity price. A 
surge in permits, well starts and rig releases as E&P 
companies mobilized programs in second-quarter 
2017 overwhelmed the market, particularly for well 
stimulation. Evidence resides in rising prices for well 
stimulation ($75,000 per stage in August vs. $33,500 
at bottom in 2016). 

Additional evidence is found in the expanding lag 
for obtaining a frack spread, which grew from 60 
days in second-quarter 2017 to 90 days as third-quar-
ter 2017 got underway. Several stimulation providers 
reported being sold out for the remainder of 2017, 
and a few were scheduling work in 2018. The activity 
surge left stimulation crews with a substantial inven-
tory of drilled but uncompleted wells (DUCs), sort 
of the 2017 iteration of an old challenge since rigs 
were generating new laterals faster than well stimula-
tion providers could process.

DUCs rose by 900 wells in first-half 2017 to 
more than 6,000, according to the U.S. Energy 
Information Administration, even as completion 
crews and an extra 3 million hydraulic horsepower 
in stimulation capacity were eliminating the original 
DUC inventory from the 2014 downturn. Zipper 
fractures, a proxy for batch completions, grew to 
75% of completion activity on average at mid-year 
and, in markets like the Permian and Bakken, 
topped 80% of well completions.

Those gains signaled that more wells were drilled 
on pads even as the number of wells per pad grew 
in stacked plays such as the Permian Basin. Crews 
were tied up at the well site for longer periods as 
they processed longer laterals, more stages and 
greater proppant loading, which is why demand 
for well stimulation will continue deep into first-

half 2018 even as the industry 
adds capacity. 

Rig count is a different 
story. Tight formation hor-
izontal rig count grew 22% 
to 28% per quarter after 
bottoming in mid-2016. 
That reflected nearly full 
utilization for super-spec-
ification pad-optimal rigs 

as the industry focused on 
full-field development. Rig count expansion was 
partially underwritten by hedging earlier in 2017 
when commodity prices were north of $50. Several 
E&P companies began hedging again as pricing 
returned to $50 in third-quarter 2017 after a mid-
year drop. 

However, the E&P sector gave mixed signals 
during second-quarter earnings calls when the 
group in aggregate announced more than $1.5
billion in reductions for domestic spending. 
Several E&P companies signaled intentions to 
reduce rig count as gains in cycle time enabled
the sector to grow production at double-digit lev-
els with fewer rigs. 

For now, expect lower rig counts and higher 
demand for stimulation, at least in first-half 2018.

From there, it’s safe to say, “It depends.” 

The best laid plans   
Oil service managers deliberate direction for 2018 activity.

n Will domestic rig count drop 
in early 2018?

n Will rising demand for  
stimulation services  
continue?

n Commodity price murkiness 
clouds the 2018 outlook.
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I
’ll never forget my fi rst oil-and-gas-related trade 

show. It was the 1995 Society of Exploration Geo-

physicists (SEG) annual meeting. I had been with 

Hart Energy about two weeks and didn’t know any-

thing about geophysics, annual meetings or trade 

publishing. 

My publisher suggested I spend a day at the show 

just getting to meet some of the companies and ask-

ing them about their businesses. I believe I had two 

of those conversations. After a polite 15 minutes of 

hearing really long words that meant nothing to me, 

I entertained myself by looking at the helicopters and 

swamp buggies on display.

Obviously things have changed since then—I 

weirdly ended up specializing in exploration technol-

ogy, and SEG has gone from one of the most confus-

ing things I’ve ever encountered to one of my favorite 

trade shows. Why? Because it’s a treasure hunt. There 

are a lot of industries that specialize in exploration—

aerospace and oceanography, 

for instance. But none of 

them have to fi gure out how 

to image through solid earth 

and make sense of the data.

So I’m pleased to direct 

you to E&P’s third annual 

SEG technology showcase. 

The conference, which will be 

held Sept. 24-29 in Houston, 

continues to attract geoscien-

tists from around the world to 

share their ideas and technol-

ogy. Yes, there will still be heli-

copters and swamp buggies. 

But there will also be a host of 

technologies that try to make 

that imaging concept a little 

less confusing.

A sampling: 

• Borehole seismic. Acquiring seismic in the borehole 

enables companies to get a much clearer sense of 

what lies in between their wells, and several com-

panies discuss such concepts as combining down-

hole seismic instrumentation with microseismic 

measurements and fi ber optics to better image the 

near-wellbore space;

• Offshore acquisition. Ocean-bottom node (OBN) tech-

nology has in many cases replaced ocean-bottom 

cabled systems because of its ease of use (though not 

necessarily its cost). Fairfi eld Nodal, for instance, is 

introducing an OBN system that can be deployed 

in both shallow- and deepwater applications, and 

Inova and Innoseis are teaming up to develop a fully 

autonomous nodal system. Additionally, EMGS has 

developed a new electromag-

netic (EM) source in collabo-

ration with Shell and Statoil to 

improve the penetration and 

resolution of EM surveys;

• Virtual and augmented reality:

New systems from Dell enable 

“enhanced immersive geosci-

ence,” where the level of data 

interaction, understanding 

and geoscience collaboration 

is increased; and

• Marine vibrators: Given 

the increasing public scru-

tiny of offshore oil and gas 

activities, airguns have come 

under attack. Geokinetics has 

released the AquaVib, a tow-

able marine source that gener-

ates seismic energy equivalent to airguns but with 

reduced pressure, helping to protect the hearing 

of highly sensitive marine species.

A tiny sampling, to be sure. I hope 

you’ll enjoy our full technology 

showcase and the show itself. 

Read more commentary at 

EPmag.com

RHONDA DUEY
Executive Editor 

rduey@hartenergy.com

The treasure hunt continues 
The report of explorationÕs death is an exaggeration.

Geokinetics’ AquaVib marine vibrator is shown while 

recording a 2-D dataset in the Gulf of Mexico.  The dataset 

is part of a multiclient data package available for license 

to help raise awareness for this environmentally sound 

alternative to airgun sources. (Source: Geokinetics)
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drilling 
TECHNOLOGIES

A
solid case could be made that Oklahoma did 

something in its past to anger the cosmic gods. 

Its history is riddled with tales of man-made fortune 

seemingly lost to the whims of Mother Nature. Known 

for the spirit-crushing drought that led to the Depres-

sion-era Dust Bowl, Oklahoma also lies—depending 

on the map—in the heart of Tornado Alley. Having 

lived in the state for several years in the early 2000s, 

I can say with authority that the bitter winter winds 

from the north can slice through the heaviest of 

jackets. Earthquakes were not something we worried 

about back then, though, so imagine my surprise 

when towns like Pawnee, Perry (where I once lived) 

and Prague made the news for their Richter—and not 

Beaufort—scale readings.   

Prior to 2009, the state 

might have experienced 

one to two low-magnitude 

earthquakes per year, 

according to a U.S. Energy 

Information Administra-

tion report on earthquake 

trends in the state. In the 

years since there’s been a 

dramatic increase in the 

number of earthquakes. 

This well-publicized 

increase brought with it 

intense scrutiny and anal-

ysis on the cause of these 

seismic events since they 

often occur in areas where 

oil and gas production 

from shales has increased. 

Studies have shown that 

many of the earthquakes are linked to the injection of 

produced water into a deep sedimentary rock forma-

tion known as the Arbuckle Group.

“The Group sits on top of the [pre-Cambrian] base-

ment and provides the conductive pathway by which 

pressure is transmitted to faults at depth,” said Jeremy 

Boak, director of the Oklahoma Geological Survey.  

Boak, speaking at the Unconventional Resources Tech-

nology Conference held in late July, noted there were 903 

earthquakes of at least a 3.0 magnitude in 2015 in the state. 

That number fell to 623 in 2016. As for 2017, he estimates 

the number of earthquakes will drop farther, sharing that 

“we’re on track to maybe be as high as 300 this year.” 

The U.S. Geological Survey reports this decline may be 

related to decreased wastewater injection, a result of pro-

duction declines since the 

2014 drop in oil prices. This, 

combined with stricter injec-

tion practices, could account 

for the drop earthquake fre-

quency, Boak noted. 

The earthquakes are 

strongly related to the 

development of the Hunton 

Limestone in southern Okla-

homa and the Mississippi 

Limestone to the north, he 

said. Unlike the Mississippi 

Lime (where Pawnee and 

Perry are located) that has 

experienced the “lion’s 

share of seismicity,” the 

Hunton gets far less atten-

tion because relatively fewer 

earthquakes have occurred 

in that area, he said. “On the other hand, the Prague 

earthquake happened there, and our most recent mag-

nitude four earthquake happened within that area.” 

Even at 300, lower magnitude earthquakes for the year 

is still too high, but it is good to see efforts are leaving 

the state a little less shaken than 

before. And as history has shown 

time and again, Oklahomans will 

endure for the better. 

Little less shakin’ goin’ on  
Oklahoma is on trend for fewer earthquakes in 2017.

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Senior Editor, 

Drilling Technologies
jpresley@hartenergy.com

The U.S. Geological Survey forecast shows the chance of 

damage in 2017 from earthquakes in Oklahoma is highest 

in the area of the Mississippi Limestone. (Source: U.S. Energy 

Information Administration)  

USGS FORECAST FOR DAMAGE FROM NATURAL 
AND INDUCED EARTHQUAKES IN 2017

Based on natural and 

induced earthquakes

Chance of 
damage

Highest chance

Lowest chance

10% - 12%

5% - 10%

2% - 5%

1% - 2%

< 1%
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completions &
PRODUCTION

O
perators and service companies need to have a 
strong grasp on the chemistry of the water they 

are using to fracture a well. Chemicals such as boron, 
barium, iron II and iron III can have a detrimental 
effect on the fracture fl uids. In addition to under-
standing the water’s chemistry, companies are under 
pressure to reduce their use of freshwater and leverage 
more recycled water in their fracturing operations.

Houston-based Water Lens has developed a water-test-
ing system it said solves the challenges of fully character-
izing water chemistry and frees companies from relying 
on often unreliable fi eld kits or outside laboratories. Its 
system works with a 96-well plate preloaded with all of 
the necessary chemistries to perform each analysis. The 
kit is confi gured to test for the most critical parameters 
that shale producers might require when preparing pro-
duced and fl owback water for fracture jobs. 

“The principles of the operation are based on colo-
rimetric detection,” said Keith Cole, CEO and founder 
of Water Lens. 

“What differentiates Water 
Lens from other colorimet-
ric systems is our ability to 
account for interferences,” 
said Adam Garland, chief 
science offi cer for WaterLens. 
“All of these chemicals are 
interfering with the other tests. 
Since we measure them all at 
the same time, we can account 
for their impact on the fi nal 
results using our proprietary 
correction algorithms.”

The results of the test are 
formulated in about 10 min-
utes, Garland said, and can be conducted either in the 
fi eld or in a laboratory. 

“You load the water into the tray, and then you put 
the tray in the reader and press ‘Go,’” Cole said. “From 
there, everything is automatic, and [the system] just gen-
erates the report. The machine scans the plate, looks at 
the color changes and runs it through the algorithms to 
account for interferences, and then the software gener-
ates a report that lets the user know what’s in the water.”

Garland said the Water Lens system has been used 
around the world, including the Permian Basin, Eagle 
Ford, Bakken, the Middle East, Canada, Oklahoma 
and Utah. Cole said the system is easily adaptable for 
offshore use as well, where weight and space limitations 
exist and large-scale testing units may not be feasible. 

In an example of the system’s effectiveness, Cole said 
a mid-size service company experienced cost savings by 
monitoring its fracture stages with the Water Lens system. 

“They used our system to monitor every stage of the 
frack that they were pump-
ing,” he said. “They were 
noticing that the fl uid was 
starting to change—it was a 
gel frack. The fl uid started 
to weaken, and because they 
were monitoring with our sys-
tem, they caught it before it 
became a big problem.” 

Cole explained the com-
pany was able to stop the 
fracture job for about 30 
minutes and adjust the chem-
istry of its fl uids before going 
back online—a measure 
that the company said saved 

about $100,000 to $200,000.  
Water Lens currently tests for 26 parameters in a sin-

gle analysis. According to Water Lens, more parameters 
are under development and will be available shortly, 
including tests for sulfate-reducing bacteria, manganese, 
phosphate, silicate, chlorine and zinc. 

“People get excited about what we have, 
but they get even more excited about what’s 
coming around the corner,” Cole said.  

Read more commentary at 

EPmag.com

BRIAN WALZEL
Associate  Editor, 

Production Technologies

 bwalzel@hartenergy.com

Testing the waters   
Water chemistry analysis helps companies better tailor their fracture fl uids.

The Water Lens system helps service companies and 

operators better understand the chemistry of fracture 

fl uids and water within a reservoir. (Source: Water Lens)
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T
he exploration industry has taken a beat-
ing lately, exploration being sort of like the 

marketing staff during a downturn—the fi rst to 
go. But, like marketing, exploration has long-
term importance in the oil and gas industry, 
and those who embrace it now will reap the 
benefi ts in the future.

Companies that make their living on explo-
ration are not sitting idle. A recent trade show 
indicated that oil companies are examining what 
it takes to be a successful exploration company 
at lower-for-longer prices. Several executives 
commented that, without the luxury of $100 bbl 
oil, it was still possible to be successful by taking 

Rhonda Duey, Executive Editor
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This seismic horizon from an IsoMetrix 3-D multiclient data 

sample was processed in the color domain using eXchroma 

software at 12.5 m (41 ft) in the Flemish Pass region offshore 

Newfoundland, Canada. (Source: WesternGeco)

advantage of existing infrastructure and shorten-
ing the time from discovery to fi rst oil. 

Another company is providing an integrated 
offering for mature and frontier basins that takes 
some of the guesswork out of entering a new 
area, and another has determined a better way 
to remove uncertainty from the modeling process. 

Finally, a new method for offshore seismic acqui-
sition promises to drastically reduce costs while 
enabling better coverage in obstructed areas.

As long as fossil fuels remain a mainstay in 
the world’s energy mix, exploration will play a 
critical role. Luckily the industry and its tech-
nology are up to the task.
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D
espite the cliché that “lower for longer” is quickly 
becoming, its impact on the oil and gas industry 

is becoming increasingly clear—the way business was 
done five years ago is unlikely to be sustainable again 
anytime soon.

Given that somewhat harsh reality, much of the discus-
sion at the recent European Association of Geoscientists 
and Engineers (EAGE) conference revolved around the 
new business paradigm. What does a successful business 
look like these days? 

During one of the EAGE forums, participants agreed 
that one of the main impediments to a successful indus-
try is the lag time between discovery and first oil. Luca 
Bertelli, chief exploration officer for ENI, said the 30 
months of low prices the industry has endured have 
called for a “complete reset” as it struggles to cope with 
$50 oil prices. Some of the companies that have done 

well in this environment, he added, are those involved 
in the unconventional plays. 

“Unconventional companies are making skinny mar-
gins at $50 oil,” Bertelli said. “They’ve been able to get 
high-quality acreage and attain high operating efficiencies.” 

Players in the conventional space, particularly in deep 
water, have yet to achieve similar success, and they’re 
still struggling to find the right recipe. Bertelli said cut-
ting the workforce is not the solution because skills and 
expertise are lost. Shortening the cycle time, he said, is 
a better solution.

“We need an unconventional focus on conventional 
assets,” he said.

One solution is to cooperate with the geophysical 
contractors throughout the entire upstream cycle, he 
said. Another step is to take advantage of the latest 
technology such as high-performance computing and 
scalable algorithms. 

It also helps to find assets in areas with established 
infrastructure. He cited ENI’s Nooros Field in Egypt as 

an example. This gas and condensate field in 
the Nile Delta contains 85 MMcm (3 Tcf) of 
reserves. ENI was able to reach a final invest-
ment decision (FID) within a month of the 
discovery and reached first gas two months 
after discovery. The field is now producing 
28 MMcm/d (1 Bcf/d) and is the largest gas 
field in Egypt. Proximity to existing infrastruc-
ture enabled the company to be agile in its 
development plans.

Current business climate
CGG’s CEO Jean-Georges Malcor reminded 
the audience that talk of collaboration is 
meaningless if the parties don’t trust each 
other and if standardization is not empha-
sized. He cited several other points that are 
affecting the current business climate.

One is cost reduction. The geophysical 
contractor industry has seen a 50% to 70% 

Secrets to doing  
business successfully 

A recent conference examined winning strategies for exploration companies.

The industry can’t afford to be slow in adopting new 

technology. (Source: PGS)
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reduction in costs in the last three years, which he said 

was “good and probably necessary,” but he questioned 

whether the sector could remain sustainable after such 

serious cost-cutting. 

“This is a strongly capital-intensive business,” he said. 

“We need visibility, long-term commitments and R&D. 

With poor visibility, it’s hard to make decisions.”

He also feels the industry needs to be a bit more 

daring. It’s hard to shorten the cycle time when the 

industry is so slow to adopt new technology. “The world 

around us is moving so fast,” he said. “Unless we adapt, 

we’ll be left behind.”

Seismic collaboration
Erik Oswald, vice president of exploration Americas for 

ExxonMobil, used his time to tell a story about a world-

class discovery, the Liza discovery in the deep waters 

offshore Guyana. While not a classic quick-turnaround 

type of story, Liza is a good example of a phased devel-

opment that helped keep the lease alive.

In the late 1990s the company’s geologists were trying 

to work out the plate configuration in the Caribbean 

Sea, a very complex environment. They developed a 

story that indicated that source rocks might have built 

up offshore Guyana, and a regional seismic line led 

them to believe this story might be true.

ExxonMobil worked with the government to tie up much 

of Guyana’s offshore area, only to be delayed 

by several years because of a border dispute 

between Guyana and neighboring Suriname. But 

by 2008 the company was able to shoot more 2-D 

seismic, and by 2013 it felt it had a good enough 

handle on the area to shoot a 3-D survey. The 

discovery well was drilled in May 2015.

Given the small size of the 3-D survey 

compared to the total size of the conces-

sion, Oswald said it was difficult to build a 

development concept. The company needed 

more 3-D but was running out of time on the 

licenses. So it worked with CGG to continue 

to shoot seismic while a rig stayed on location 

to drill up the lease. Ultimately, ExxonMobil 

acquired 17,000 sq km (6,564 sq miles) while 

continuing to drill up and develop the field.

“Within 10 weeks of the discovery we were 

working with CGG to acquire this huge survey,” 

he said. “The normal time frame is one year 

plus. We’re still down there drilling because of 

the great collaboration on the seismic.”

Overall, ExxonMobil arrived at its FID two 

years after the discovery and expects first oil 

within four years. “That’s pretty quick for an ultra- 

deepwater discovery,” he said. “When you know you  

can accomplish something in less time, you challenge 

yourself and the industry to do better.”

Knowledge sharing 
In an industry as competitive as oil and gas, the concept 

of sharing information might seem out of place. But 

panelists at EAGE’s Executive Session agreed that this 

concept will be critical in the future.

Four panelists—Gary Ingram from OMV, Tim Dodson 

from Statoil, Remi Eschard from Total and Dirk Smit 

from Shell—gave brief presentations on different 

aspects of knowledge sharing followed by a Q&A from 

the audience after each presentation. 

Smit started by looking at the potential for knowledge 

sharing with other industries, particularly medical imag-

ing. Advances in medical imaging over the years are 

truly remarkable. Smit showed a comparison of an MRI 

image of a brain taken in 1980 to a similar image today. 

Modern imaging shows much more detail about the 

structure of the brain. A computed tomography (CT) 

image resembles a scale model more than a scan.

“High-resolution imaging has taken significant steps for-

ward,” he said. “This is something to look at in geophysics.”

The medical industry has made huge strides in 

machine learning to improve the quality of its images, 
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Geophysicists can benefit from looking at other industries for imaging technology 

such as these MRI images of a brain. (Source: MriMan/Shutterstock.com)
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a technique that could also make 3-D interpretation 

easier, although the panelists agreed that computers 

will never fully replace the value of a skilled interpret-

er. It also is taking advantage of augmented reality to, 

for instance, place a schematic of a heart valve over an 

image of a real beating heart to model the fluid flow 

and properly position the valve.

Already technology like CT scanning is being used in 

core analysis, but Smit said this could be taken further 

(e.g., imaging the chemical reaction in a rock/fluid 

interface). Shell also is applying medical imaging tech-

niques to ocean-bottom seeps, studying the behavior of 

the escaping fluids and gases to determine their origin.

“This is a field that’s open for further advances,” he 

said. “This is the tip of an iceberg.”

Eschard described Total’s 

approach to forming a divi-

sion devoted to basin mastery 

and knowledge retention. 

Faced with a large explora-

tion group and massive retire-

ments, the company realized 

that it needed to strengthen 

its knowledge sharing capabil-

ities among its geoscientists.

Two years ago the company 

restructured, creating five 

regional hubs. The goal was 

to emphasize accountability, 

promote the initiative of local 

teams, acquire regional knowl-

edge and provide exposure to 

different cultures and ideas. 

The restructuring also signaled a return to basic geol-

ogy. “Exploration teams can get in a rush and forget the 

original context,” he said. The back-to-basics approach 

is helping the teams select the best acreage while reduc-

ing risk at the prospect scale, he added.

Dodson addressed the very real challenge of knowl-

edge transfer in the face of the “great crew change.” 

Noting the industry is facing the retirement of 50% of 

its workforce in the next five to seven years and that 

there’s a huge demographic gap between the oldest 

and youngest workers, he said the average age of his 

exploration staff is 45 and the average date of their 

university graduation was 1997. He characterized the 

industry’s future workforce as “fewer and older,” add-

ing, “Knowledge does need to be transferred. This will 

be even more important in the digital age.”

To facilitate this, he said, recruiting efforts should 

focus not only on future geoscientists and engineers but 

also on data scientists who can work together with the 

geoscientists to handle the increasing amount of data 

the industry will face. This will require some “rebrand-

ing” efforts to make the energy industry a more attrac-

tive option to IT specialists.

“They have the opportunity to work with a huge 

amount of data and face complex challenges,” he said. 

“This has always been part of our industry, but it’s not 

the message we’re sending.”

Ingram finished the presentations by discussing knowl-

edge sharing among industry players, including competi-

tors, government entities and university consortia.

He noted it’s rare to have all of the knowledge 

about a particular basin residing within one company. 

Knowledge sharing can facilitate country investment 

during licensing rounds, lead 

to higher quality investment 

decisions, ensure safe and 

efficient operations, enable 

higher success rates and help 

shorten the lead time to dis-

covery and monetization. 

“Knowledge sharing can be 

seen as a competitive edge,” 

he said. 

He cited two successful 

examples of companies work-

ing together to improve their 

success rates. In one instance, 

OMV and others partnered 

with ExxonMobil for a con-

cession in the Black Sea. 

OMV’s regional knowledge coupled with ExxonMobil’s 

technical capabilities, including its proprietary full wave-

form imaging algorithm, led to a discovery. In another 

example, Shell shared its knowledge about drilling into 

an overpressured reservoir in Turkey to help OMV drill 

another discovery well safely.

He cited several governments, including those  

of Norway, New Zealand and the U.K., as having 

open data policies that allow interested companies 

easy access to data while encouraging investment in 

the country. 

“It levels the playing field,” he said.

Finally, the industry has several research consortia 

that facilitate a “comfortable environment” for compa-

nies to share their data and knowledge, Ingram said.

Overall, the panel agreed that the days of holding 

corporate data close to the vest are vanishing. “Those 

who have the best data are being eclipsed by those who 

can interpret it best,” Smit said. 
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“They have the opportunity  

to work with a huge  

amount of data and face 

complex challenges.  

This has always been  

part of our industry, but it’s  

not the message  

we’re sending.”

— Tim Dodson, Statoil
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C
GG’s JumpStart programs are integrated multi- 

client geoscience projects designed to accelerate 

an industry understanding of petroleum systems and 

support exploration efforts. They are a new addition 

to an existing range of integrated geoscience products, 

which also includes Reservoir Optimization Packages, 

specifically designed for U.S. onshore reservoirs, and 

GeoSpec TerraCube regional projects, which are based 

on released legacy data. JumpStart programs comple-

ment the company’s existing multiclient library, includ-

ing seismic surveys and Robertson Studies (Red Books).

When industry players explore a new area, collating 

all the available data can be challenging and time-con-

suming. Integrated geoscience programs provide a 

comprehensive, consistent resource of easily accessible 

data for evaluating petroleum systems, assimilating all 

the available data in a specific geographical area and 

framing it within a geological context. These programs 

enable clients to directly access the reviewed, validated, 

calibrated and interpreted datasets in one place in an 

accessible and ready-to-use format. 

There are seven JumpStart programs nearing com-

pletion: in the northern North Sea, offshore Gabon, in 

the Timor Sea, offshore Australia, in the Gulf of Mexico 

and two offshore Brazil. 

Major facets
The three major constituents of a JumpStart program are 

advanced multiclient seismic data; a validated, upgraded 

and ready-to-use well dataset; and a coherent interpretation 

and evaluation framework for the basin. Typical workflows 

start with a regional geological review, amalgamating all 

prior information and focusing on the main petroleum 

geology components such as the source rock, reservoir, 

charge, trap and migration pathways to provide holistic 

datasets that build a framework for interpretation of the 

seismic data, basin model-building and play fairway analysis.

Well data represent true samples of the Earth and, as 

such, are essential for calibration of geological models. A 

consistent petrophysical and stratigraphic review of the 

key available well data is undertaken to provide a robust 

chronostratigraphic framework for improved well ties and 

detailed understanding of the depositional systems. Where 

appropriate, wells are enhanced by new core and cuttings 

information, and biostratigraphic markers are used to 

help define consistent stratigraphic markers with consis-

tent names and ages across the basin rationalized with the 

seismic markers to be interpreted. The creation of for-

mation description logs based on quantitative analysis of 

wireline log data provides a consistent suite of interpretive 

logs calibrated to core data and laboratory measurements 

where possible. The number of wells reviewed varies 

widely depending on the maturity of the basin and the 

data-release policies in the area, from less than a dozen in 

some exploration areas to more than 100 in the Northern 

Viking Graben JumpStart program, for example. 

Finding new information
Usually, adjustments to the previous interpretations 

are required since these did not benefit from the array 

of data for cross-validation and often contain many 

Integrated geoscience programs 
facilitate exploration 

Interpretation frameworks help accelerate understanding of frontier and mature areas. 

This stratal slice is from a seismic horizon in the Upper Wilcox 

from the Encontrado JumpStart program, where densely  

distributed meandering channels can be identified.  

(Source: CGG Multi-Client and New Ventures).
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inconsistencies. In the Northern Viking Graben, some 

older sands were wrongly assigned to be part of the Agat 

Formation, but closer examination of the age and com-

position enabled them to be reassigned, and a better 

stratigraphic correlation was achieved between wells and 

seismic. Similarly, reexamination of the previous inter-

pretation of wells in Mexico’s Encontrado JumpStart 

program has significantly changed the understanding of 

the basin, as discussed later. In Gabon, the reinterpre-

tation of well data acquired through the pre-Aptian salt 

has revealed potential for an additional late syn-rift sand 

play to exist in the ultradeep offshore area, different 

from the one commonly known as the Gamba sand-

stone. These examples show how careful reexamination 

of the data with the benefit of advanced modern seismic 

and the integration of all the other available informa-

tion can revolutionize industry understanding of the 

geology in some areas.

The updated well and geological information is used 

to calibrate the velocity model for imaging and qual-

ity control during seismic processing. Where possible 

prestack attributes and amplitude vs. offset (AVO) gather 

synthetics are generated from the well data and can be 

used to control the quality of AVO signature preservation 

throughout the seismic processing flow.

Where available or where acquired with the seismic, 

potential fields data are interpreted to help characterize 

the deep basin structures where seismic imaging reaches 

its limits and to provide regional linkage. Natural oil 

slicks on the sea surface are identified from interpreta-

tion of offshore satellite image data and integrated with 

the shallow seismic interpretation to provide highly valu-

able information about the presence and characteristics 

of the petroleum systems in place. On completion of seis-

mic processing a structural and stratigraphic framework 

is interpreted using key horizons, and seismic attributes 

(pre- and post-stack and calibrated to well data where 

possible) are extracted to highlight reservoir facies and 

map the potential presence of hydrocarbon fluids.

The interpretation is used to form a framework 

for stratal slicing and exploration in the depositional 

domain. The 3-D horizons are used to flatten the seis-

mic volume in the geological time domain to enable 

the mapping of lateral seismic facies variations along 

a constant depositional time slice, providing valuable 

information about potential reservoir and source 

rock distribution. Changes in rock facies induce sub-

tle changes in the seismic wavelet bandwidth that are 

highlighted through spectral decomposition around 

three dominant frequencies. Stratal slicing provides a 

clear picture of lateral seismic facies and enables rapid 
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evaluation of potential leads and prospects, significantly 

enhancing understanding of prospectivity and varia-

tions in reservoir quality.

Encontrado
The Encontrado program is a good example of the 

value of an integrated geoscience program. With the 

opening up of Mexican waters to the international E&P 

industry there has been a rapid surge in exploration, 

and extracting the useful information from the array of 

available data could prove time-consuming, especially 

for those not fully established in Mexico. Availability of 

consistent, coherent information from a single source 

can save valuable time and effort. 

The Encontrado program consists of more than 

38,000 sq km (14,672 sq miles) of seismic data, mostly 

recorded as wide-azimuth, that have been reprocessed 

using broadband and depth imaging technologies. All 

the available well data have been reinterpreted and 

upgraded, removing inconsistencies that may have been 

present in the existing well interpretation to create a 

consistent chrono- and lithostratigraphic scheme across 

the whole basin and tying it to the reprocessed seismic. 

This revised interpretation has led to a reevaluation of 

the prospectivity of some areas. At least one well, drilled 

to test the Upper Wilcox Sandstone, is now considered 

not to have been drilled deep enough to penetrate this 

formation, leading to an incorrect downgrading of the 

area’s prospectivity. Only a few, if any, wells in the survey 

penetrated the Cretaceous, resulting in the program 

being extended to the U.S. Perdido region to incorpo-

rate a deeper well, enabling calibration at the Cretaceous 

level and verification of the new interpretation.

The stratal slices generated over Encontrado capture 

densely distributed high-sinuosity deepwater channels at 

unprecedented resolution. By looking at all the data in a 

paleogeographic context, it is possible to gain an indica-

tion of slope profiles, directions of travel and topographic 

barriers for depositional systems over time. This enables 

understanding of the interplay between basement struc-

ture and post/supra-salt structural development.

The review and reinterpretation of core data has 

led to the refinement of depositional process models, 

providing detailed understanding of the reservoir evo-

lution. By carefully studying the core sedimentology it 

is possible to go well beyond the resolution limits of the 

seismic data and then back-propagate that understand-

ing into the horizon and attribute analysis.

Integration of the seismic and well data with all the 

available geological and geophysical data delivers a 

coherent and comprehensive understanding of the  

basin. The aim is to create the best constrained and high-

est resolution geomodels possible to address the key 

petroleum systems questions that control prospectivity. 

Ready-to-use datasets and interpretation frameworks can 

help accelerate understanding of frontier and mature 

areas by reducing the time spent on further interpreta-

tions and analysis and increasing their accuracy, thereby 

allowing more time to be spent on the identification of 

new prospects and play models. 
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This map shows the current JumpStart programs that are nearing completion. (Source: CGG Multi-Client and New Ventures).
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Tony Martin, PGS

A
s exploration moves into areas of increasing geolog-

ical complexity, reservoir evaluation is often based 

on the interpretation of one seismic image. Building a 

suitable velocity model followed by prestack depth migra-

tion plays an important role in the creation of this image 

on which economic evaluations are based. In many cases, 

drilling commitments are planned far in advance, and 

geologists have a good idea about the geometry and size 

of a potential reservoir but require accurate interpreta-

tion and positioning in the depth domain. 

The amount of uncertainty associated with the image 

is poorly quantified. A typical depth migration veloc-

ity model-building project will deliver a final velocity 

model and its associated image products. Quantitative 

measures of the reliability of these data are limited. 

Comparisons can be made with auxiliary data, and volu-

metric residual moveout and image structural simplicity 

also may be analyzed. This provides an indication of 

how well the model has converged to a solution that 

satisfies the data.

Tomography often is used to derive the model. Its 

inherent nonlinearity can, however, yield multiple solu-

tions that honor the data with the same convergence 

criterion. In isolation, such data provide little useful 

evidence of the reliability of any one model. 

A new workflow initially establishes both the resolu-

tion of the tomography and the degree to which these 

criteria may be perturbed before the tomography fails 

to recover that perturbation. The criteria are used to 

generate a set of models that all equally conform to the 

data. From this model population an additional set of 

deliverables (mean, variance and standard deviation of 

the velocity model, and a spatial reliability indicator for 

the final image) is created. These help mitigate the risk 

associated with target positioning and volumetrics.

Concept
The workflow draws upon the principles of Big Data 

analysis and uses repeated and randomized sampling of 

the model space to derive estimates of the uncertainty of 

any model. 

Tomographic inversions are performed on each 

model within the population (of the order of 100 mod-

els). These are all constrained by the same observed 

data. The aim is to recover a perturbation that is 

applied to each model in the population. Quantitative 

metrics are used to evaluate the effectiveness of the 

Risk mitigation using  
model uncertainty analysis 

Uncertainty can be quantified in a final velocity model and image to provide  

additional deliverables to de-risk prospects.

FIGURE 1. An error envelope on a target reflector gives an indication of the spatial reliability. The calculated model variance is  

co-rendered. (Source: PGS)
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inversion to recover the perturbation and refine the 

usable model population.

Having created and inverted for a large model 

population, a migration is then performed to gener-

ate a collection of imaged stacks and gathers. From 

this and alongside existing deliverables, a new set of 

products is created. A statistical analysis across the 

total population of inverted models is performed 

for each grid location to reveal the mean, variance 

and standard deviation of the local inverted velocity. 

Volumes are created for all three statistical param-

eters. Subsequent migrations 

utilizing the model population 

allow error envelope analysis 

studies at key target interpreta-

tions (Figure 1) and a volumet-

ric depth error metric.

Uncertainty  
inversion engine 
Most industry-standard velocity 

model-building tools use some 

variation of velocity tomogra-

phy and are constrained by data 

resulting from an initial prestack 

depth migration. This new tomo-

graphic inversion platform uses 

beam migration and wavelet shift 

tomography based on Sherwood 

et al., 2009. 

This method is adapted for the model uncertainty 

flow to accommodate a large model population to both 

invert for and migrate with. Using the hyperTomo plat-

form and beam migration allows this to be achieved in 

a relatively short time frame.

The first two steps in the workflow determine the 

resolution and magnitude of error recoverable by the 

inversion given a specific dataset.

The resolution at which a model is constrained by 

the data during a tomographic inversion is depen-

dent on many variables. These include the spatial 

sampling of the image space, limitations caused by 

the acquisition geometry and the subsurface reflec-

tivity. A checkerboard test is used to understand the 

achievable resolution and assess the resolution of the 

tomographic inversion to resolve anomalies within 

the model.

A perturbation is imposed on the migration model 

using a checkerboard. The individual cells in the check-

erboard have a known spatial 

wavelength. The inversion is then 

run and the updated model recov-

ered. Analysis is then performed 

to judge how well the inversion 

has recovered the model modifi-

cation. The ability of the inversion 

to recover the perturbation is a 

quantitative measure of the res-

olution provided by the data in 

constraining the model.

The correlation between the 

perturbation and the residual from 

the inversion is then analyzed. 

This metric quantifies whether 

the inversion is able to recover the 

spatial perturbation and establish-

es the resolution limit of the data. 

The information is then used to 

constrain the model population by rejecting those mod-

els that are unable to recover the perturbation.

Amplitude analysis
Once the resolution of the model has been deter-

mined, a random amplitude series is generated and 

applied to the model in the form of a checkerboard 

perturbation. This is undertaken to optimize the cre-
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FIGURE 2. This inline, depth slice and 3-D intersection shows the model population variance co-rendered on the seismic data. (Source: PGS)

The combination of  

additional deliverables 

provides important  

information as to the 

local reliability of the  

seismic image from 

which they are  

seeking to extract  

reservoir information.
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ation of the model set by establishing the maximum 

level of amplitude perturbation the tomography is 

able to recover. 

From this, migrated gathers are generated to deter-

mine a quantitative measure of the volumetric model 

error based upon the moveout error in the common 

image gathers. A threshold is determined based on the 

measured moveout of the data from the initial, per-

turbed and recovered models. This metric indicates the 

maximum error recoverable by the inversion.

The resolution and amplitude analysis is carried for-

ward to create the model population. Additionally, the 

resolution and amplitude analysis may be used during 

the velocity model-building phase to define the opti-

mal parameterization to employ within a given tomo-

graphic inversion.

Uncertainty analysis and metric generation
Following the creation of the model population, the 

entire model set is inverted and migrated. The products 

of this process are then used to generate attributes that 

reflect the statistical reliability of a model. 

The mean, variance and standard deviation parame-

ters are computed from the model population for each 

cell. These cubes may be co-rendered with the residual 

moveout volumes to visualize the spatial constraint of 

the model attribute (Figure 2). 

The model realizations also may be used to indicate 

the positioning error. This is done in two ways. The 

first is based on the spatial reliability at a given target 

event. An error envelope is determined using the image 

population from the migration of the entire model set. 

Correlation analysis is used to construct a mean vertical 

position and error envelope. This is adjusted to account 

for local dip, giving a 3-D error envelope. The second 

method uses model integration to create a volumetric 

1-D depth error.

All the aforementioned products are deliverables 

provided as part of the workflow. The deliverables help 

mitigate risks associated with generating a single model 

and image in traditional processing projects. 

Case study
An example of the integrated use of these metrics is pre-

sented in Figure 3. The model population variance cube 

generated with the new model uncertainty workflow is 

superimposed with the underlying 3-D seismic image 

and the error envelope analysis for a given target. The 

combination of these additional deliverables provides 

interpreters with important information as to the local 

reliability of the seismic image from which they are seek-

ing to extract reservoir information. As shown in Figure 

3, additional information about the local illumination 

strength, for example, can be added to highlight any 

possible correlations between poor illumination and 

high model uncertainty. 

References available.
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FIGURE 3. PGS seismic data are shown with co-rendered model uncertainty variance attribute, error envelope analysis for one horizon (left) 

and illumination distribution on the same surface generated by wavefield extrapolation (right). (Source: PGS)
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Sudhir Pai, Schlumberger Robotics Services 

T
he use of autonomous marine vehicles (AMVs) for 

offshore oil and gas activity continues the trend of 

exploiting robotics technology to support safety, lower 

costs, and improved data acquisition and quality. In par-

ticular, AMVs combined with a 3-D sensor array (3DSA) 

have proven effective for seismic acquisition in many 

environments and operating conditions to complement 

the proven towed streamer technology. These applica-

tions include shallow water, infill around obstructions as 

close as 100 m (330 ft), environmentally sensitive areas 

such as coral reefs, acquisition of long-offsets as long as 

30 km (18.6 miles), rough terrain, deep water—to avoid 

using an ROV—and acquisition of full-azimuth data for 

velocity model-building.

Recent field tests conducted offshore Abu Dhabi and in 

the Green Canyon area of the Gulf of Mexico show com-

parable data quality between data acquired with the 3DSA 

platform and data acquired by other methods like towed 

streamer, ocean-bottom nodes (OBN) or ocean-bottom 

cables (OBC).

AMV design
The AMV used in seismic application comprises a 

surface float and a subsurface glider connected by an 

umbilical. The propulsion system works on a combina-

tion of wave and mechanical energy and thus requires 

no onboard fuel. As the surface float rises on the crest 

of a wave, the vertical wave motion is transferred via the 

umbilical to the glider section. This causes the glider’s 

wings to move up and down, which provides constant 

forward motion. The surface float includes solar panels 

and a battery, GPS and a communication link, a vertical 

management computer, and a mini-acquisition system 

for acquiring and storing high-density seismic data. 

AMVs can be programmed to receive commands via 

satellite from a pilot in an onshore operations center. 

Typically, they can hold station simulating a “floating 

node,” and once acquisition is complete, the entire fleet 

can be ordered to move to the next position through 

a series of waypoints. Based on survey type, AMVs can 

either be held in a grid formation or a receiver line 

every few hundred feet apart. While the AMV used in 

this survey was wave-powered, other AMVs are coming 

on the scene that use other forms of energy such as 

wind, solar and battery power.

The 3DSA consists of 15 hydrophones (three in each of 

five arms) mounted on a 1.5-m (5-ft) frame. A buoyancy 

engine ensures the array is oriented and does not rotate 

on its axis while moving through the water. The buoyancy 

engine also houses inertial motion sensors consisting of 

three-axis accelerometers, a gyroscope and a magnetic 

depth sensor. Seismic data are organized in common 

receiver gathers and, typically, the sum of the 15 individu-

al hydrophone measurements per shot point is processed.

Shallow-water acquisition offshore Abu Dhabi 
A field test of an AMV with 3DSA in shallow water off-

shore Abu Dhabi evaluated the safety during deployment, 

retrieval of the system and its operational performance; 

its ability to hold station and depth; and data quality 

compared to data acquired by an ongoing OBC survey. 

Because the water depth in this area averages 20 m (66 

ft), towed streamer acquisition is seldom used, and acqui-

sition is by OBN or OBC. Three systems were deployed 

within a 400-m (1,312-ft) square area on top of a previous 

OBC survey area. Data were acquired over eight days. The 

quality of the data acquired was comparable to that of 

the OBC data. The ability of the system to hold station, 

Autonomous vehicles benefit  
from 3-D seismic arrays 
Frontiers are being expanded for offshore seismic acquisition.

The combination of WAZ data (left) and 3DSA data (middle) 

shows that using AMV towing 3DSA is a good and  

economical solution to acquire the missing near-offset data 

(right) around obstructions. (Source: Schlumberger)
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the performance of the recording system, and the safe 

deployment and retrieval of the systems were successfully 

proven and documented in this field test.

Green Canyon
The Green Canyon field test evaluated the ability of the 

AMV and 3DSA system to acquire data around surface 

obstructions and to acquire long-offset data. Seventeen 

AMVs, each towing a 3DSA, were deployed around several 

platforms. A support vessel transported all 17 systems. At 

the prospect location the ship’s crane lowered the 3DSA 

over the side, and then the glider and platform were 

deployed. Each deployment was completed in about 30 

minutes, and total deployment time was under 8 hours. 

Real-time displays from the navigation management 

system enabled monitoring of vehicle positions in differ-

ent configurations. Initially, the AMV and 3DSA stations 

were within a 300-m-by-300-m (984-ft-by-984-ft) grid 

pattern. Single- and multiple-source vessels shot around 

the AMV spread. In another configuration, 10 AMV 

and 3DSA systems were positioned 20 km (12 miles) 

away from a wide-azimuth (WAZ) coil survey to collect 

long-offset data. 

This acquisition proved the ability of the system to 

acquire data within the 500-m (1,640-ft) exclusion 

zone for vessels around an obstruction. This gives the 

industry an excellent technique to acquire high-reso-

lution undershoot data very close to obstructions like 

platforms and rigs since this cannot be done safely, 

efficiently and cost-effectively using towed surveys. 

Often the same source boat can be deployed to get 

data response and seismic images from both the towed 

streamer outside the exclusion zone and the 3DSA fleet 

inside the exclusion zone.

Other applications 
Outside of seismic applications, the systems have been 

successfully used to collect metocean and turbidity data, 

to detect hydrocarbon leaks, to obtain geomagnetic 

measurements for accurate well placement, to transmit 

acoustic data from subsea and deepwater assets and to 

record behaviors of marine life.

The use of an AMV system increases the safety 

envelope for offshore operations. Personnel and ves-

sels are needed only for deployment, recovery and 

maintenance. The sensor vehicle is unmanned during 

missions, and there is reduced risk during high sea 

states. Reduced need for costly vessels, the lower overall 

logistical/planning burden and the elimination of an 

onboard fuel requirement all contribute to lowering 

operational costs. Finally, the AMV provides a persistent 

sensor platform that avoids downtime for bad weather. 

To date, 40 such projects have been conducted for 

various applications for 19 clients, including nine repeat 

clients clocking 3,976 days at sea. This includes eight 

seismic surveys. These surveys have been conducted 

from Alaska in the west to Australia in the east and the 

Arctic in the north to southern Latin America. 

COVER STORY:  
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The picture on the left shows the position of the AMV (green) and shot locations (violet). The picture on the right shows the fold of 

coverage. Data were acquired with 20 AMVs and a source vessel that shot every 25 m (82 ft, flip-flop). (Source: Schlumberger)
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Guillaume Plessis and Nelson Allen, NOV

A
s the drilling landscape changes, an upturn in 

land factory drilling projects drives the need for 

efficient, high-performance products and technologies. 

NOV addressed the needs of this shifting market by 

developing the Delta line of rotary-shouldered drillpipe 

connections. These connections are stronger and more 

fatigue-resistant than other rotary-shoulder connec-

tions, and this allows a simplified threading procedure, 

which excludes the need for cold rolling, reducing the 

cost of maintenance and therefore lowering the total 

cost of ownership. 

Performance-wise, the connection delivers on aver-

age 4% more torque than the XT connection. Using 

streamlined 130,000-psi tool joints, the Delta connec-

tion improves hydraulic performance by allowing the 

use of a larger-than-normal pipe body size. For exam-

ple, 5½-in. drillpipe can be used to drill in the size of 

hole in which 5-in. drillpipe was previously used. This is 

made possible because the outside diameter of the tool 

joint is identical to the industry standard for 5-in. drill-

pipe (65⁄8 in.). 

In addition to significant reduction in pressure losses, 

the connection also allows better borehole cleaning 

since fluid circulates at a higher velocity outside of the 

drillpipe. The stiffer pipe allows the drilling of a better 

quality hole. The modified geometry of the Delta con-

nection engages more threads at stab-in. This minimizes 

stabbing damage while also evenly distributing stress. 

The deeper stab-in also reduces the number of turns 

necessary to make up the connection, increasing effi-

ciency and reducing wear on the threads. Compared 

to similar products, the Delta connection requires 50% 

fewer turns from stab to makeup. The connection saves 

time in that it can be spun in as little as four seconds, 

while XT connections typically require eight seconds. 

This decreased connection time 

translates to increased cost-effective-

ness and ease of use on the rig floor. 

Ease of use is further improved by a 

reduction in the minimum required 

tong-gripping distance from the box 

face. When other connections require 

a 2-in. tong-free area to prevent egg-

ing of the box connection, the Delta 

connection only requires ½ in. of 

tong-free area, giving drillers more 

flexibility in the positioning of the 

iron roughneck.

Reduced cost of ownership
One of the main objectives while 

developing this connection was to 

reduce the cost of ownership. NOV 

determined the best way to achieve 

that goal is to keep the connection 

in service and reduce the frequency 

of repair. Multiple design choices 

contribute to maintaining the Delta 

connection—and the joint of drill-

pipe that carries it—in the field 

Making the connection  
Rotary-shouldered drillpipe connection addresses the needs of a diverse market by  

balancing performance and reliability with cost-effectiveness.

The Delta connection provides drillers more flexibility in the positioning of the iron  

roughneck due to a smaller tong-free area. (Source: NOV)
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while drilling. First, wider fi eld inspection tolerances 

reduce the need for frequent repairs without com-

promising the connection’s performance. Second, 

a tolerance for pitting in the root of the less critical 

threads was established. Besides these inspection cri-

teria changes, the geometry of the new connection 

reduces the material loss by 30% for face-and-chase 

repair operations. 

This allows more recuts using the same tool joint 

tong space. The reduction of the tong-free area on the 

tool joint results in increased room for recuts given the 

same tool joint length. The total refacing amount has 

been increased by 50%, allowing additional refacing to 

take place before a recut is needed. 

Best practices were developed by the company for 

its licensees in the shop environment for these recuts. 

These practices will result in less than a 1-in. loss on pin 

or box for a full face-and-chase repair. The connection 

also has the lowest royalty on repair services across all 

of NOV’s double-shoulder connections. The Tuboscope 

Business Unit within NOV Wellbore Technologies fur-

ther supports the connection with reduced repair rates 

to pipe owners and the option to include the TracID 

radio frequency identifi cation-based tagging and inven-

tory management system as part of the base confi gura-

tion for the pipe connection. In support of the Delta 

connection NOV developed rig-ready upgrades such as 

the TDS-11SAH top drive, ST-80X iron roughneck and 

a 7,500-psi pump.

Before its introduction to market the Delta connection 

underwent extensive testing at NOV’s research and tech-

nology development center, with early results demon-

strating that the new connection made up twice as fast as 

its predecessor. During testing, damage was minimal and 

was primarily related to handling. Generally, only refac-

ing was required to repair the damage.

Case studies
The fi rst string of drillpipe with the Delta connection 

was used to drill a well in the Permian Basin and was the 

subject of intense scrutiny. This initial drilling job was 

very successful, and the 5½-in. drillpipe with the Delta 

544 connection delivered as expected. The drilling 

project fi nished ahead of schedule, and the hole quality 

of this longest lateral for the operator in this fi eld was 

excellent, with smooth running of the casing string. A 

post-use visual inspection of the connections was con-

ducted and confi rmed that the Delta string was in excel-

lent condition after drilling the well. The rental string 

was retained by the operator and will be used again to 

drill another pad.

Two other strings with Delta 544 connections were 

deployed in April 2017, one in the Gulf of Mexico 

(GoM) and another on a land rig in West Texas. Once 

again, the customers found the product easy to use, 

and the fi eld service personnel who were dispatched 

to these rig sites could see that drillers quickly became 

comfortable with the new connection.

In June the different sizes of the Delta connections 

were used on land and offshore. The Delta 425 on 

4½-in. drillpipe was used in the GoM, South Texas 

and the Bakken Shale. Field service staff went to 

the rig site and saw the same pattern repeated: ease 

of use, low damage rates and satisfi ed end users. 

Drilling crews were at ease with the product and rap-

idly embraced its use. In addition, a string has been 

deployed to the Middle East for testing. 

In all cases, the condition of the connection was visu-

ally evaluated after use, and so far none have required 

rethreading. This is extremely encouraging to the early 

users, and NOV looks forward to gathering more data 

once these strings have received a full visual and dimen-

sional inspection of the Delta connections. 

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

The Delta rotary-shouldered drillpipe connection provides a simplifi ed 

threading procedure, reducing the cost of maintenance to the pipe 

owner. (Source: NOV) 
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Heather Byers and Darren Santeler, Vallourec USA Corp.

A
s the onshore rig count climbed in 2014, operators 

and suppliers pushed for standardization across 

product lines to optimize inventory and supply chain 

needs. The development of each shale play resulted in 

operators using similar well designs for casing and con-

nections. In many cases, this meant operators sacrificed 

a level of performance to operate within this ad hoc stan-

dard well design. 

The recent drop in oil price forced distributors to uti-

lize existing stock before ordering new pipe, which gave 

way to significant drops in standard pipe inventories. 

For Vallourec this provided the opportunity to work 

with operators to question conventional wisdom and 

find ways to achieve higher strength, pressure and pro-

duction performance with optimized casing designs out-

side the standard American Petroleum Institute (API) 

dimensions. Using custom casing led to significant sav-

ings for rig time and steel costs in addition to providing 

increased production.

Casing size is not as strict as the API tables list because 

the adaptability of the manufacturing process gives an 

infinite number of possibilities for custom casing solu-

tions. There are three main steps that define the geom-

etry of any seamless casing product: Piercing a hot billet 

into a tube, rolling the tube to the correct wall thick-

ness and sizing the tube for final outer diameter (OD) 

dimensions (Figure 1). Each step can be expertly manip-

ulated to create almost any size OD or wall thickness.

In the same time line a custom-sized casing solution 

is produced, a connection needs to be developed to 

match the needs of each project. The extensive prod-

uct line of VAM connections gives a wealth of design 

history, which allows product lines to be extrapolated 

to new custom sizes. Once a design is on paper, it is 

evaluated with finite element analysis and/or physical 

testing according to the International Organization 

for Standardization’s 13679 standard or the API’s rec-

ommended practice 5C5 or customer requirements 

to assess behavior during critical loading. With the 

largest testing laboratory of connection suppliers in 

the world located at VAM USA’s Houston facility, all 

design and qualification of VAM connections can be 

performed close to the customers and regions where 

they will be used. 

API allows any OD/wall combination with agreement 

between mill and purchaser so that 

the pipe still meets the API stan-

dard that operators are used to. 

There is no need to fit a well design 

into a standard box if well condi-

tions have room for optimization.

East Texas
An operator drilling in East Texas 

approached Vallourec with strict 

criteria on performance numbers 

needed to complete a new well. The 

company was using a 7-in.-by-32-lb/

ft (0.453-in. wall) intermediate 

string. The operator was looking for 

a significantly higher internal yield 

rating. Any new product would need 

to maintain the same inner diameter 

Custom casing leads to  
unconventional optimization
An early engagement with a casing manufacturer leads to customer  

success in U.S. shale plays.

FIGURE 1. Custom seamless casing is created in six steps. (Source: Vallourec USA Corp.)

Billet Storage Billet Saw Furnace

Piercing Mill Continuous Mandrel Mill Stretch Reducing Mill
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(ID) as the 7-in.-by-32-lb/ft to use existing liner hangers 

and drillbits. 

To achieve this increased internal rating, Vallourec 

worked backward to conventional wisdom by using the 

extreme flexibility of the new Fine Quality Mill rolling 

mill in Youngstown, Ohio. The customer performance 

requirements were used to solve for the OD geometry 

rather than starting with OD geometry to define per-

formance based on the grade and yield strength that 

could meet those requirements. This project had three 

main requirements: 

• Casing ID had to remain the same to utilize inventory;

• Material had to be capable in a mild sour environ-

ment; and

• Internal yield had to be more than 15,000 psi to sup-

port the fracture job.

These requirements created an ID-constrained product 

made from a mild sour material with a restricted yield. 

Using the ID as the starting point and the restricted yield 

strength range of 110,000 psi to 125,000 psi, the OD was 

adjusted accordingly using API formulas until the 15,000-

psi internal yield was achieved. 

By challenging the standard casing trend, the opera-

tor hoped to optimize the well profile and save money 

in the process. The typical well design in the area uti-

lized an intermediate 7-in.-by-32-lb/ft casing run from 

surface to kickoff point. It was then completed with 

a 4½-in. production string run from surface to total 

depth. By increasing the rating of the 7-in. casing, the 

need to have the 4½-in. production string run from 

surface to a depth of 3,926 m (13,000 ft) would be 

eliminated, resulting in substantial savings and com-

pletion time.

After adjusting for all required parameters, the end 

result was a product with an OD pushed out to 7¼ in. 

with 0.578-in. wall thickness (41.50 lb/ft). This new sour 

service product has an increased internal yield pressure 

of 15,350 psi, up from 12,460 psi (a 23% increase), and 

an increased external yield pressure of 16,030 psi from 

10,780 psi (a 49% increase) when compared to the stan-

dard 7-in.-by-32-lb/ft casing. 

These increased ratings allowed the operator to 

design its wells around an optimized formation frac-

ture pressure, at the same time reducing overall well 

cost. The ID allows all previously designed equipment 

to be used (i.e., liner hangers, drillbits, production 

string, etc.). The oversized OD does not interfere with 

running the string through the same 8½-in. drilled 

open hole. The total volume of steel, and therefore 

cost, to complete this well was significantly lowered. 

The previous design combined 7-in.-by-32-lb/ft with 

the 4½-in.-by-15.10-lb/ft casing for a total of 47.10 lb/

ft while the new design is only 41.50 lb/ft. This saved 

the company 5.60 lb/ft of steel, or about 72,800 lb 

per well.

To ensure full sealability during the high number of 

fracture stages this string would see, VAM 21 connec-

tion, the company’s next generation threaded and cou-

pled premium connection, was selected to couple the 

joints together. 

South Texas

An operator in the Eagle Ford Shale contacted Vallou-

rec about increasing the size of its existing 5½-in.-by-

23-lb/ft production casing design, opening the door 

to custom opportunities in that region. The operator’s 

main reason for enlarging the production casing was to 

increase the ID to allow a higher volume of production 

flow while maintaining the same fracture pressure as 

the conventional 5½-in. casing. The added volumetric 

flow would aid the fracture job with an overall increase 

in pumped fluid without the same pressure losses associ-

ated with the smaller 5½-in. casing.

The company required an overall string OD less than 

7 in. to fit inside the 8¾-in. wellbore, leaving enough 

annular clearance for efficient cementing. At the 

same time, the company did not want to considerably 

increase the overall steel cost. 

The operator’s initial proposal called for a tapered 

string design with 65⁄8-in. casing in the vertical and 

5½-in. casing in the lateral section of the well. The 65⁄8-

in. casing would not be able to make it through the 

10-degree to 12-degree dogleg safely. While supplying 

the 65⁄8-in. casing was not an issue, Vallourec was able to 

find a better solution. 

The new design proposed was a 6-in. OD with a 

slightly reduced wall thickness from 0.415 in. to 0.4 in. 

to keep a lower weight per foot and increase the ID 

as much as possible. This meant the ID of this custom 

product moved from 4.67 in. to 5.20 in., resulting in 

a 24% increase in ID cross-sectional area (Figure 2). 

The small geometry adjustment would still be capable 

of making it through the dogleg while maintaining 

enough clearance for the connection OD without hin-

dering the cementing process. 

The reduced wall thickness did not reduce load 

ratings. The change in diameter/wall thickness ratio 

allowed an almost 7% increase in tension, compression 

and torque. The operator opted to use this new 6-in.-by-

24.5-lb/ft product with a VAM TOP HT connection for 

the entire 6,096-m (20,000-ft) production string in the 

final design. 
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A four-well trial was performed, and the 6-in. casing ran 

very efficiently. The increased moment of inertia made 

the pipe stiffer than the original 5½ in., so the operator 

had less deviation and eccentricity to work against when 

setting the string in the open wellbore. Cementing pres-

sures were lower than the initial model. The operator also 

utilized longer spacing between stages, reducing the num-

ber of costly perforations. Using the same fracture pres-

sures from the previous well design, the operator gained a 

20% increase in production volume. 

Timing was crucial in this project. Project time from 

initial discussion to delivery of the finished threaded 

product was 90 days. Coordination with VAM Field 

Services for running tools, original equipment man-

ufacturers and licensees for all accessories was per-

formed to ensure a successful field run. Vallourec is 

working with this same operator in optimizing the 

production casing string size in its Permian assets that 

typically have stricter clearance requirements. 

Marcellus and Utica shales
The routine intermediate casing used in the Marcellus 

and Utica shale plays is 95⁄8 in. Due to collapse con-

cerns, a Vallourec customer utilized a high-strength 

product that did not permit an 8¾-in. drift. As a 

result, an 8½-in. hole was planned through the 95⁄8-in. 

section for the production string. While executing 

development wells, the operator began to notice the 

8½-in. drillbits were 

going under gauge in 

the vertical section. 

When it attempted 

to trip in with the 

curve/lateral bottom-

hole assembly, the 

rig had to ream sig-

nificant portions of 

the well. This caused 

additional reamer 

trips to be planned 

and executed on sub-

sequent wells. In an 

attempt to eliminate 

reaming and the cost 

associated with this 

process, several cas-

ing design alterations 

were considered. In 

addition, hole-open-

ers were evaluated, 

but due to a variety 

of issues, these were not considered a feasible option. 

Also considered were 85⁄8-in. drillbits, but the 8¾-in. 

drillbits were believed to minimize the risk of ream-

ing. Vallourec was contacted to help achieve an 8¾-in. 

drift, allowing a larger drillbit while still maintaining 

the high collapse requirement.   

To increase the drift 1⁄8 in., it was understood the OD 

also would need to increase a comparable amount. 

Also, a similar diameter to wall-thickness ratio would 

need to be maintained to ensure the final product 

would have the same yield strength range and maintain 

the collapse pressure.

The solution was a customized casing string engi-

neered for the optimized wall geometry and perfor-

mance requirements for ID drift and collapse pressure. 

Starting with the 95⁄8-in.-by-43.50-lb/ft casing as a 

base, numerous options were considered to push the 

drift out to 8.750 in. while maintaining the collapse. 

Thinner walls and higher yield strengths were consid-

ered. However, new OD geometry was the most effi-

cient at meeting the requirements. 

The new product at 95⁄8-in.-by-50-lb/ft casing (0.489-

in. wall) enlarged the drift to 8.750 in. from 8.625 in. 

while maintaining a nearly identical collapse pressure 

(5,770 psi to 5,760 psi). The increased drift allowed the 

operator to run a larger drillbit, eliminating the reamer 

trip without sacrificing the required collapse pressure to 

drill in this region. 

VOLUME COMPARISON

FIGURE 2. An increase in the ID of the production casing allows an increase in production flow. (Source: 

Vallourec USA Corp.)
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Dale Ramsawak, Lloyd’s Register Central &  

South America Ltd.

W
ith many of the easily accessible stores of hydro-

carbon energy having been recovered, the 

world’s offshore exploration activities are migrating 

into exceedingly hostile environments and pushing the 

boundaries of technology and materials.

The drive to push the boundaries of capabilities 

within the offshore oil and gas industry comes with 

challenges on two fronts—those of internal origin and 

those derived from external sources.  

Internally, more and more pipelines are being required 

to operate at temperatures that reach or exceed the limits 

of traditional construction materials. Depending on the 

service, pipelines must be able to withstand increasingly 

high operating temperatures or the extreme cold condi-

tions associated with arctic exploration. 

Pressure limits also are being pushed just as demand 

rises to transport increasingly sour fluids.

Externally, the push is on to operate pipelines in 

deeper waters and increasingly hostile environments 

with bigger waves and stronger, more complex currents. 

These activities are often taking place in more isolat-

ed locations with dwindling amounts of supporting 

infrastructure while facing the possibility of significant 

environmental hazards such as icebergs or unsurvivable 

storm conditions.

Challenges and design considerations
Deepwater pipelines are exposed to high external pressures 

that require thicker pipe to withstand the subsea pressures 

and the stresses they are subjected to during installation.

However, the added weight of the thicker diameter 

pipe together with the length of the catenary when the 

pipe is laid in deepwater environments has led to chal-

lenges associated with the tension capacity of pipelaying 

vessels and their ability to withstand the bending stress-

es that may result in collapse or buckling.

The tension capacity of current vessels significantly 

limits how deep pipelines can be laid; as such, water 

depths are currently capped at about 3,000 m (9,843 ft) 

for traditional steel pipelines.

To go beyond these depths, new installation tech-

niques, increased tension capacities from lay barges or 

alternative materials will be required. 

Once deepwater and cold-climate pipelines are 

installed, operators face challenges of flow assurance 

due to the formation of hydrates or plugging from wax 

deposition. In fact, managing the flow assurance and 

integrity of assets that are difficult to access presents its 

own challenges, let alone those that also are exposed to 

risks from extreme environments. Pipelines operating in 

frigid climates face extreme storm conditions, which can 

affect their structural integrity, and icebergs, which can 

result in mechanical damage, particularly to their risers.

There are ways to mitigate these potential risks. Pipelines 

can be buried beneath the seabed or covered with protec-

tive concrete “mattresses,” and rigid steel risers or catena-

ries can be replaced with flexible risers that are designed 

to disconnect from FPSO units when icebergs approach or 

when extreme storm events threaten. 

However, pipelines situated in deep water or remote 

areas face challenges associated with a lack of support-

ing infrastructure. Each engineering project will have 

its own specific challenges which, to manage costs 

and maximize environmental performance, are best 

New technologies abound for  
deepwater infrastructure    
Advanced materials and processes hold promise for demanding environments.

Technical innovation is a central focus for subsea pipelines. 

(Source: Dabarti CGI, Shutterstock.com)
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addressed in a holistic manner throughout the design, 

installation, operations, life-extension and decommis-

sioning stages.

The technology that is immediately available to an 

operator and the associated financial risks often have 

greater influence on which solution is selected than 

does the promise of innovation, largely due to the time 

it takes to test and validate new technology.

Similarly, technically challenging projects with lon-

ger gestation periods more readily lend themselves to 

exploring the application of new technology. 

New technologies
With oil revenues in decline the greatest barrier to inno-

vation and its implementation is cost. Nowhere is that 

more true than with projects located in frontier areas.

Nonetheless, technical innovation continues to be 

a central focus for subsea pipeline owners as they 

explore operations at unprecedented depths. In 

part, the drive toward emerging technologies has 

been brought about by the limitations of traditional 

engineering materials and technology; simply put, 

the industry is at the extremes of the existing enve-

lope of capability, and the application of new design 

techniques along with exotic materials is necessary to 

achieve the industry’s goals.

However, just as the materials and designs in use today 

needed to be tested and qualified prior to being used in 

current operating conditions, new technologies need to 

undergo the same due diligence: They need to be tested, 

qualified and verified as fit for service while also having 

their operating characteristics tested and verified to ensure 

accurate system design and performance assessment.

Often, new technologies require a whole new set of 

test parameters to be developed along with new test 

methodologies, which themselves need to be assessed in 

detail prior to their application. All of this makes new 

technology expensive to develop. The processes can 

take years to complete, but they are essential to keep 

the engineering and financial risks at acceptable levels.

http://EPmag.com
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Some new technologies that have been implemented 

in deepwater fields include subsea boosting and pro-

cessing. These technologies have allowed many reser-

voirs to be more economically developed while reduc-

ing the risks of damage to assets from adverse weather 

conditions on the surface.

Subsea boosting provides the pressure needed for the 

risers to transfer production fluids from the reservoir to 

the surface, thereby increasing the recovery volumes from 

mature wells and making viable the production of fields 

that may have been previously considered marginal. 

Subsea processing is being implemented in several 

deepwater fields to separate the oil and gas phases and 

remove water and sand, thereby reducing the amount 

of fluids that need to be transported to the surface. This 

improves the efficiency of flowlines and risers by sup-

porting a single-phase transportation of production flu-

ids, and it reduces or eliminates the need for the chemi-

cal injections that control the formation of hydrates. 

Subsea processing also can allow the operator to 

maintain operations during extreme weather conditions 

on the surface, and it reduces the risk of damage to the 

asset during such an event. 

To support asset-integrity management programs, the 

industry is exploring the use of AUVs, which are docked 

and recharged subsurface to perform routine visual 

inspections, freespan pipe monitoring and cathodic 

protection surveys that detect erosion.

In some cases, AUVs could replace ROVs and their sup-

port vessels, potentially reducing cost and improving integ-

rity management practices and maintenance activities.

Composites
Pipelines also are undergoing a technological evolution 

with the emergence and application of thermoplastic 

composite pipes.

The real innovation is that the pipe is a true compos-

ite pipe rather than a reinforced thermoplastic pipe. 

The reinforcing fibers are embedded in the composite 

matrix, resulting in a solid pipe wall, whereas in a rein-

forced thermoplastic pipe the fiber reinforcement tapes 

are wound around the liner pipe.

This is similar to traditional fiber-reinforced plastic 

pipe, but it uses a high-performance polymer as the 

matrix rather than a thermoset plastic such as epoxy. 

This advance produces a collapse-resistant pipe that can 

operate at a wider range of temperatures. It is also less 

brittle and less susceptible to the problems associated 

with sour service operations and corrosion.

When compared with traditional flexible pipes, the 

new reinforcement materials can improve structural per-

formance, reduce fatigue and improve a pipeline’s com-

patibility with the fluids it is moving, reducing its reli-

ance on the chemical scavengers and inhibitors that are 

injected to control the composition of the bore fluids.

The reduced mass offers engineers lower connec-

tion loads and, ultimately, simpler installation in 

ultradeep water.

The improved structural performance and increased 

resistance to corrosive liquids does come at an engi-

neering cost, including a significant increase in the 

bending stiffness of the pipe and its minimum bend 

radius, both of which have implications for system 

designs and installation procedures.

Additive manufacturing
Another exciting emerging technology is the use of addi-

tive manufacturing for fabrication of subsea equipment. 

Since deepwater processing facilities require thick-walled 

vessels to contain pressure, equipment such as gravity- 

based separators have become very large and difficult to 

transport when fabricated using solid steel plate.

In fact, the size of today’s subsea separation equip-

ment is often limited by the capacity of the lifting 

equipment during installation rather than the perfor-

mance that is required for separation.

Additive manufacturing can be used to build plates 

constructed in different shapes such as 3-D honeycomb 

lattices to provide a high strength-to-weight ratio when 

compared with solid steel plate. 

The additive manufacturing process takes a 3-D model 

of an object stored in a computer and translates it into 

very thin layers. It builds the object by adding one layer at 

a time, stacking up material until the object is complete.

The technologies associated with additive manufac-

turing have progressed to support component manufac-

ture, moulding applications and structure repair. These 

advancements have been enabled by significant inno-

vation in materials (e.g., metal and thermoplastic pow-

ders, wire, resins and composite materials) and binding 

sources (e.g., laser melting, electron beam melting, 

photopolymerization and chemical reaction).

One of the related short-term opportunities for the 

subsea industry appears to lie in the ability to rapidly 

generate or repair often-replaced or obsolete compo-

nents from aging assets.    

But just as additive manufacturing offers an opportu-

nity to customize materials, these variations from solid 

materials can compromise the structural integrity of an 

asset in ways that would be new to the industry. Clearly, 

a deeper understanding of the benefits and barriers to 

adoption is required.
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Renner Vaughn, ABB 

I
t’s 7 a.m. in Midland, Texas. Lease operators are pre-

paring for the day before they leave home by checking 

their smartphone apps to see if there are any alarms 

from the SCADA system or the field communications 

network. One operator notices a pair of alarms for rod 

pump failure at a well pad on its route, so it sends a text 

message notifying its team that they will be late for the 

morning meeting. 

In addition, there are a couple of high-producing 

wells that are shut in at a facility that happens to be 

the last stop on the operator’s daily schedule. Instead 

of making the 2-hr drive out to the site immediate-

ly, technicians open their laptops and log into the 

remote terminal unit (RTU) to check the site’s emer-

gency shut-down conditions and pump-off controller 

over the network. It appears the thunderstorm the 

night before caused lightning strikes in the area, hit-

ting a tower nearby and knocking out grid power at 

the well pad. 

As a result, the backbone radio network is down, but 

the well pad is still online thanks to a wireless mesh net-

work that uses self-healing intelligence to hop between 

facilities and find the next backbone tower. The SCADA 

system only lost contact with the equipment for a few 

seconds while the network reconverged, and the site has 

been safely and autonomously controlled by the RTU. 

After confirming the pumps need to be restarted, 

the operator sends a reset command from its laptop to 

each controller, and within a few minutes the pump 

alarms clear from the RTU and in the SCADA system. 

By solving the immediate problem remotely and avoid-

ing a prolonged shut-in, the operator maintains critical 

production, ensures the emergency shut-down systems 

in the RTU controlled the site safely and eliminates the 

cost of an unscheduled site visit. And, with the ability 

to instantly communicate the operator’s situation via 

group message, the whole team has stayed in sync. The 

weather is out of an operator’s control, but for a com-

pany that considers its field network a vital utility for 

Remotely answering the call of the field 
Shale operators drive down lease operating expenses with modern field communications.

Operators have embraced field network systems as a vital utility 

for achieving daily production targets.  (Source: ABB)

http://EPmag.com


EPmag.com   |   September 2017 61

operator
SOLUTIONS

achieving daily production targets, resiliency and avail-

ability are money savers. 

If this story sounds like it happens fi ve years in the 

future, it doesn’t. Connectivity has enabled a single 

lease operator in the Eagle Ford Shale to manage more 

than 60 multiwell facilities easily and effi ciently using 

web-based software tools and remote video. It is not just 

happening for two of the three largest producers in the 

Eagle Ford. New communications technologies together 

with intelligent RTU applications are helping to drive 

down lease operating expenses across all of the major 

shale plays. Many companies have realized that a tech-

nology-driven strategy yields higher production levels, 

enables greater situational awareness, lowers operating 

expenses and attracts a younger workforce that has 

grown up with technology at their fi ngertips. 

Automation benefi ts

IDC Energy Insights, a market provider of intelligence 

for the global technology industry, forecasts that the top 

50% of oil and gas companies will double down on oil-

fi eld operation automation to double the productivity of 

those operations by 2020. 

For fi eld technicians the power to connect with 

their RTU control systems and enter set points for any 

plunger lift, gas lift, or any other artifi cial lift or control 

method in the fi eld right from their laptops can be a 

game changer. Wireless connectivity (e.g., using WiFi or 

Bluetooth) enables timely adjustments to lift optimiza-

tion while technicians enjoy the simple convenience of 

not having to walk up to the RTU and connect with a 

serial or USB cable. For those who have spent scorching 

summer days in West Texas or blustery winter mornings 

in northern Alberta, the option to stay inside the vehi-

cle is highly attractive. Beyond the pure convenience, 

the wireless network acts as a force multiplier, enabling 

each operator to be more productive every day. 

As has been seen with some early adopters of fi eld-

wide broadband communications, the best practice is to 

implement strong access control to the production equip-

ment and then limit the parameters that technicians can 

change remotely. In general, this is a good way to reduce 

risk while introducing new technologies to the operating 

environment. Companies can control local access to the 

production systems either by shared password, which is 

less secure, or over the network, where centralized role-

based authentication systems can be monitored by IT. 

Many producers are somewhere in the middle when it 

comes to the digital transition, and as operations teams 

increasingly work with IT on fi eld automation and com-

munications projects, the ease of integration and shift 

in company culture will continue. The results of this IT 

and operational technologies (OT) collaboration can 

save companies thousands of dollars per facility in com-

munications costs by leveraging a single fi eld network 

infrastructure for the entire life cycle of the fi eld. 

Subscription-based communications services can 

drown a company in operating expenses, but they do 

offer producers a quick method of connecting a hand-

ful of assets. When the fi eld expands to hundreds of 

production facilities, most producers want to own and 

control their own fi eld network. However, with the 

high volume of merger and acquisition activity in shale 

these days, onshore fi elds can expand and shrink rap-

idly, causing challenges for IT and OT teams as they 

integrate various vendor technologies and face diffi cult 

decisions about whether or not to standardize. 

Communication solutions

There are good solutions on the market that offer 

producers fl exibility in network architecture and radio 

technologies. A fi eld network that uses high-speed car-

rier-grade wireless solutions at its core and self-healing 

broadband mesh to distribute capacity and access for 

mobility with low-power narrowband reaching out to the 

sensors is what producers should expect when automa-

tion drives production and when change is the norm. 

From the supermajors to smaller independent pro-

ducers the practice of operating by exception using the 

power of remote connectivity is either already in practice 

or being rolled out as part of a full digital strategy. As 

operators begin to experiment with virtual measurement 

solutions and attempt to reduce the hardware footprint at 

their facilities, a modern network that reliably transmits 

sensor and meter data while also providing technicians 

secure access to do their jobs more effectively becomes 

the essential fabric connecting the digital oil fi eld.

A lease operator in Midland saves its company money 

every time it avoids an unscheduled trip to the well pad 

by resolving an issue remotely. Without connected, 

automated production systems and real-time visibility to 

the fi eld, companies have a diffi cult road ahead if they 

wish to stay competitive in the shale plays. The good 

news is these technologies are more economical than 

ever, which can level the playing fi eld as producers of 

all sizes aim to drive down operating expenses and 

focus on high-return assets. 

Have a story idea for Operator Solutions? This feature highlights 
technologies and techniques that are helping upstream 
operators overcome their challenges. Submit your story ideas to 
Group Managing Editor Jo Ann Davy at jdavy@hartenergy.com.
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Jon Musselman, Weatherford

T
oday’s oilfield landscape is increasingly about max-

imizing economics by implementing technologies 

that focus on enhancing the value of existing assets 

rather than drilling new wells.

Historically, operators have been able to identify and 

recover only a fraction of the oil in their reservoirs, 

especially as fields mature. However, technological 

advances are expanding opportunities to identify and 

recover bypassed oil and/or locate previously unknown 

reserves through cased wells. 

This capability results in a greater understanding 

of how the reservoir behaves over time and through 

multiple phases of development, eliminates guesswork 

and significantly reduces the production of undesirable 

water or gas while improving oil recovery. With more 

accurate, reliable reservoir knowledge, operators can 

devise a more informed and effective production strat-

egy to boost hydrocarbon recovery and realize the full 

potential of their existing reserves. 

Critical to achieving that objective is the ability 

to map levels, or depths, of oil-water and gas-liquid 

that continually change as oil and gas are withdrawn. 

Understanding these contact points helps operators 

assess their remaining reserves. For example, as oil is 

drained from the formation, subsequent reductions in 

pressure cause the gas to expand and move downward. 

Additionally, logging tools that process and analyze 

data quickly and reliably can provide valuable informa-

tion for improving recovery, such as how quickly and 

where oil and gas reserves are withdrawing from the for-

mation vs. where the reservoir is not producing.

New technology development
In many cases the most cost-effective way to improve field 

economics is by expanding the performance envelope of 

existing technologies. Pulsed-neutron logging has long 

played an important role in helping producers find and 

manage oil and gas reserves. Expanding upon and improv-

ing this mature technology, the Raptor 2.0 cased-hole 

evaluation system makes it possible to characterize the 

reservoir beyond the initial phase of development through 

the life of the well. The enhanced 

sensor capabilities open the door 

for producers to gain a deeper and 

more precise understanding of the 

formation, obtain key measurements 

through large steel casing and mul-

tiple tubing strings, and process and 

analyze the resulting data.  

Designed to provide reservoir 

characterization after a well has 

been cased, the system combines 

a pulsed-neutron wireline logging 

device with advanced petrophys-

ical workflows and reliable data 

processing and analysis to deliver 

accurate, actionable reservoir data, 

including high-fidelity oil-water 

and gas-liquid saturation measure-

ments and through-casing identifi-

cation of bypassed and previously 

unknown hydrocarbons by loca-

tion, type and volume.

Eliminating guesswork      
A five-sensor-array logging tool expands reservoir  

characterization to locate bypassed reserves.

The Raptor 2.0 cased-hole evaluation system identified fluids and determined  

through-casing gas-oil and oil-water contact points in a complex multistring completion. 

(Source: Weatherford)

CH saturation evaluation

Input CO oil-water envelope (2 phase) N-Vision gas-liquid envelope (2 phase)

Pore Volume (combined)

Bulk volume water OH
Bulk volume water CH
Bulk volume oil CH
Bulk volume gas CH

0.0 Shales Volume (V/V) 1.0
1.0 Porosity (V/V) 0.0
1.0 BVWOH 0.0

1.1 CO water line 1.3
1.1 CO oil line 1.3
1.1 CO 1.3

100.0 N-Vision liquid line 0.0
100.0 N-Vision gas line 0.0
100.0 N-Vision 0.0
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First five-detector array
The system provides the industry’s first five-detector 

array, which represents an exponential leap forward in 

pulsed-neutron technology, reliability and performance. 

By emitting controlled pulses of high-energy neutrons 

into the formation, the system is significantly more sen-

sitive than traditional two-detector pulsed-neutron tools. 

Engineers can read deeper into the formation and bet-

ter utilize existing information. 

Four spectroscopic gamma ray sensors increase the 

gas-saturation measurement sensitivity by about 250% 

compared to conventional tools and provide dimension-

al oil-saturation measurements. This allows producers to 

increase their reservoir knowledge during completion, 

production and rejuvenation phases, ultimately identify-

ing and recovering more oil in their reservoirs. 

Data can be acquired through casing and tubing strings 

using various techniques. Once collected, the data are pro-

cessed and analyzed by petrophysicists, who deploy an inte-

grated response characterization, four-detector mixing, 

and transparent petrophysical processes and software. The 

measurements are analyzed using an integrated response 

characterization for each well, taking into account the 

combined effects of borehole size, casing, tubing, wellbore 

and annular fluids, lithology, and reservoir fluids. 

The petrophysical analysis merges the measured data 

into a response envelope using a data interface that is 

intuitive, easy-to-use and transparent. The detailed anal-

ysis provides operators with actionable information to 

determine production strategies going forward. 

Acquiring data in the field
Prior to its launch in June at the Society of Petrophysi-

cists and Well Log Analysts Annual Symposium in Hous-

ton, the cased-hole evaluation system was tested and 

proven in more than 200 successful field runs world-

wide. In one case, an operator in Malaysia successfully 

applied the system to determine a production strategy 

for improving oil recovery in a multiple-well project with 

challenging large-wellbore dual-string completions.

The operator sought to establish a production strategy 

for five directional wells in a mature oil-rim reservoir 

that features stacked shaly sands deposited in a deltaic 

environment and compartmentalized by faults. 

The shallow sections of these wells were drilled with 

12¼-in. boreholes at a deviation of up to 42 degrees. 

The wells had been completed with 95⁄8-in. casing and 

produced through single 4½-in. or dual 3½-in. tubing. 

The large borehole and multiple wide-diameter tubu-

lars made for a complex wellbore environment that pre-

sented challenges in obtaining accurate measurements.

The key objectives were to determine gas-oil and 

oil-water contact points and inform production and 

infill drilling strategies to improve reservoir sweep and 

overall oil production. The operator also wanted to 

evaluate the shallower sands for hydrocarbon type since 

openhole logs in the play had been inconclusive. 

After conducting a comprehensive prejob analysis, 

Weatherford wireline and petrophysical teams recom-

mended using the cased-hole evaluation system in all 

five wells and acquiring formation evaluation data for 

each well using two techniques. The enhanced car-

bon-oxygen mode determines bypassed oil location and 

volume and identifies and corrects for carbonate lithol-

ogy and cementation effects. The proprietary N-Vision 

mode determines bypassed natural gas location and 

volume and quantifies gas-liquid saturation in porosity 

ranges as low as 5%. 

The tool logged through a range of fluids including 

gas, water, oil and completion fluid in the tubing and 

annuli and produced accurate response modeling even 

in the wells with dual-tubing completions. The team 

logged a cumulative 10,850 m (35,597 ft) with more 

than 148 pulsed-neutron generator operating hours. 

There were no lost-time incidents.

Analysis and results
After processing the data from all five wells, the petro-

physical team created a complete saturation analysis for 

the field to provide actionable, precise information that 

gave the operator a roadmap for further development 

of the field. The N-Vision mode identified the gas-liquid 

contacts and quantified hydrocarbon gas saturation 

through the dual-string completions, even with gas in 

the tubing and annulus. The multidetector carbon-oxy-

gen measurement provided accurate oil saturation data. 

In addition to identifying gas-oil and oil-water contact 

points in all five wells, the system read deep into the 

formation through the casing and dual tubing strings 

to correctly identify the shallow sands as oil-bearing 

rather than gas-bearing. This information increased the 

oil reserve estimates and provided a detailed model of 

unproduced reserves to inform production and infill 

drilling strategies. 

The versatile cased-hole evaluation system is suitable 

for any cased oil or gas well onshore or offshore and 

functions in both seawater and freshwater environ-

ments. The five-array tool also includes an enhanced 

sigma data acquisition technique that delivers water sat-

uration data in porous, high-salinity formations and 

measures the diffusion-corrected formation sigma 

derived from four-detector mixing. 
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Julie Vonnet, Emerson Automation Solutions

A
s budgets and margins remain tight, making opti-

mal field development decisions throughout the 

entire reservoir life cycle has never been more import-

ant. Development choices will affect final production, 

and it is therefore crucial to ensure that any decision is 

properly supported by the right information.

Unlocking and propagating uncertainties 
It’s crucial that any reservoir characterization and mod-

eling process realistically represents the underlying seis-

mic data. Furthermore, any model that oversimplifies 

geological complexities is not going to deliver the vital 

information operators require today. The incorporation 

of uncertainty as early as possible in the reservoir char-

acterization process is therefore a must-have.

However, too often uncertainties are neglected. 

Overlooking the uncertainty inherent to reservoirs’ 

static and dynamic behaviors may trigger incomplete or 

misleading interpretations of the available data. 

Moreover, substantial time and capital are spent per-

forming history-matching for better predictions and a 

better field development strategy. However, because 

of reservoir uncertainties large numbers of parameters 

are modified during this process, and multiple modi-

fications of model properties make prediction models 

inconsistent with the actual reservoir geology. 

It’s with these critical aspects in mind that Emerson 

has developed the Big Loop workflow. A cornerstone 

of Emerson’s reservoir characterization and modeling 

workflow, Big Loop tightly integrates static and dynamic 

domains and offers the propagation of uncertainties 

from seismic characterization through to geological 

modeling and simulation. 

This means that reservoir uncertainties are captured 

and varied as input parameters, creating an ensemble of 

realistic reservoir models that all feed into the reservoir 

simulator. This leads to a better understanding of the reser-

voir geometry, more robust reserves estimations and better 

informed decisions for future field development scenarios.

Capturing uncertainties while interpreting
Part of this workflow encompasses Emerson’s model-driven 

interpretation (MDI) capabilities, where the uncertainty 

is captured during the seismic interpretation process. The 

MDI can powerfully handle multiple instances of the same 

model, capture the limitations of the data and quantify 

geological risk correlated to the seismic. 

Offshore the Middle East, an operator used the MDI 

approach to quantify gross rock volume uncertainty. 

The reservoir in question was in the appraisal/early 

development stage and had nine wells unevenly distrib-

uted across the field, not all of which had penetrated 

the bottom of the reservoir. The result was improved 

gross rock volume uncertainty, valuable input into field 

appraisal and development plans, and reduced risk.

The latest version of Emerson’s reservoir modeling 

software bridges the gap farther between seismic inter-

pretation and geological modeling with a “snap-to-seis-

mic” feature for better interpretation reliability and 

quality control. With this algorithm and with a click of a 

button, the model is conditioned to the seismic data via 

a waveform similarity metric. This gives users the abil-

ity to track characteristics of a seismic event across the 

domain of interest.

Key elements for success in  
reservoir characterization      

Encompassing uncertainties in a comprehensive way is vital when dealing with  

data from multiple sources, scales and interpretations. 

This figure illustrates the concept of MDI. (Source: Emerson 

Automation Solutions)
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The capturing of uncertainties as early as possible 

in the workflow is crucial, but these uncertainties 

also need to be propagated along the workflow and 

transferred to dynamic modeling. Although various 

approaches are available, they very often require an 

early ranking of models, either static or dynamic. 

However, anchoring to one or a few selected models 

can lead to disappointing results.

Reliable forecasts that honor geology 
It’s for this reason that Emerson has developed 

ensemble-based history-matching and forecasting 

capabilities that provide operators with comprehen-

sive uncertainty quantification and management. 

Hence, uncertainties can be added in the domain 

where they belong (e.g., static) and propagated to 

where they matter (e.g., production). Forecasts are 

based on an ensemble of reservoir models, enabling 

decisions to be made under uncertainty and manag-

ing and mitigating risks in the most comprehensive way. 

Moreover, once the workflow has been set up, Big 

Loop can be run automatically to produce as many 

realizations and simulation runs as needed. The process 

outcomes can then be adopted to understand the sensi-

tivity and interplay of the many parameters involved. 

On a geologically complex field in the North Sea the 

Big Loop workflow led to a geological and dynamic res-

ervoir model that stayed fully synchronized throughout 

the lifetime of the field. The propagation of uncertain-

ties throughout the workflow also produced geologically 

consistent history-matched ensembles that determined 

what influences there were on the amount of initial oil 

in place in the model, leading to optimized production 

and improved decision-making.

An integrated seismic-to-simulation workflow
One of the main criticisms of reservoir characterization 

and modeling workflows in the past has been their frag-

mented nature and the limited collaboration between asset 

teams. The process tended to be proprietarily dominated 

among different domains with vital data often overlooked, 

model updates difficult to achieve and domain-specific 

working practices taking precedence over reservoir charac-

terization goals. 

Such an approach is no longer sustainable if a com-

pany is to get the best out of both its reservoir model 

and its skilled staff. 

Today’s best practices are promoting strong links 

between seismic interpretation, geological modeling 

and reservoir simulation via data integration, shared 

tools and asset team collaboration. 

Software interoperability also is linked to the issue of 

integration, where transferring data between software 

packages to preserve critical information is vital. The 

latest version of Emerson’s reservoir modeling software, 

RMS, has the capability to transfer data from the Petrel 

software platform in a one-step procedure, enabling 

ease of use and adding onto current interoperability 

already available.

Another tool aiding in integration and flexibility is 

the Roxar application programming interface (API). 

Using Python, a powerful but simple programming lan-

guage, the API enables operators to integrate their own 

intellectual property into reservoir characterization and 

modeling workflows. 

Applications also can be written or extended to access 

RMS project data, and the API can be used to build 

customized standalone programs. This opens a range 

of new possibilities for subsurface workflows, enabling 

users to include company-specific goals in their propri-

etary workflows and develop proprietary, commercial or 

open solutions. 

Making informed decisions
When it comes to a successful reservoir characterization 

workflow, encompassing all the uncertainties linked to 

data and modeling processes in a comprehensive and reli-

able way is vital, especially when dealing with data from 

multiple sources, scales and possible interpretations. 

Managing uncertainty from seismic to production and 

ensuring integration and flexibility at the heart of deci-

sion-making will go a long way toward unlocking the 

value of reservoir assets now and into the future. 

RESERVOIR  

CHARACTERIZATION

Ensemble-based forecasts enable users to evaluate multiple prediction 

scenarios based on models comprehensively encompassing uncertainties 

and thus remaining fully consistent with the underlying geology. (Source: 

Emerson Automation Solutions)
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Jennifer Presley, Senior Editor, Drilling Technologies

T
here’s a widely quoted nugget of insight that the only 

way to get into New York City’s Carnegie Hall is to 

“practice, practice, practice.” Along those same lines, 

former New York Yankee Reggie Jackson compared the 

swing of a baseball bat to that of a finely tuned instru-

ment. To develop and perfect, it requires “repetition 

and more repetition, then a little more after that.”  It’s 

been proven time and time again that practice and repe-

tition lead to success. Add to that mix relentless prepara-

tion and planning, and records are sure to fall. 

Take, for example, the wells under construction by 

Pennsylvania-based independent Eclipse Resources in 

Ohio’s Utica Shale. Through practice, repetition, prepa-

ration and planning the company drilled a well with a 

record-breaking lateral in 2016 only to return in 2017 

to drill four more in the play’s condensate window. 

Preparing for the future
In 2013 the company drilled its first operated horizontal 

shale well—the Tippens No. 6HS—in the Utica Shale 

dry gas window. That well featured a lateral of 1,783 

m (5,850 ft) at a total vertical depth of 3,017 m (9,900 

ft) drilled in 49 days and was completed in 19 fracture 

stages, according to a corporate filing with the U.S. 

Securities and Exchange Commission.

Data from the Tippens well and others played a key 

role in paving the company’s way to successful drilling 

campaigns in 2016 and 2017, according to Benjamin W. 

Hulburt, Eclipse chairman, president and CEO. 

“Between our drilling and other operators 

involved in the effort we had a couple hundred 

wells that had varying lengths, from probably as 

short as 5,000 ft [1,524 m] up to about 11,000 

ft or 12,000 ft [3,352 m or 3,657 m] before we 

really started the super-lateral program,” Hulburt 

told E&P. “In analyzing that database we could 

not detect a drop-off in recovery per foot as we 

went longer. It also was easy to see cost efficien-

cies by going longer.” 

Those cost efficiencies, along with the market 

decline, were key to going longer. 

“We kept pushing out the lateral length to deter-

mine if we saw a drop-off in recovery per foot and 

where the law of diminishing returns would be 

among the laterals in the Utica,” he said. 

“After getting to the point where we were con-

fident out to 13,000 ft [3,962 m] that we weren’t 

seeing any drop-off, the decision was made to 

determine how long we could go from a technical 

perspective just to set the upper boundary of what 

was feasible. At the same time, I could see that 

the commodity prices were plummeting. The ini-

tiation of the first of those laterals in the Purple 

Hayes No. 1H well was really an attempt to figure 

out how low we could get the cost per foot of 

lateral to make wells in the Utica work while the 

commodity prices were severely depressed.” 

Room to run      

With its fifth super lateral in the books, one Utica Shale independent is showing  

no signs of slowing in its development marathon.

With five super laterals drilled to date Eclipse Resources has outperformed 

drilled feet per day expectations by about 25%, driving drilling costs about 

10% below expectations. (Source: Eclipse Resources)

15,000 ft 18,544 ft 19,315 ft 19,514 ft 15,720 ft 15,620 ft

15,000 ft

The average daily footage of the five super laterals 
is outperforming the 15,000 ft type curve by 24%.

AVERAGE DAILY FOOTAGE

DRILLING COST PER COMPLETABLE FOOT

:

Curve
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Going longer provided the company with a way to 
spread out the cost of the drilling program while also 
maximizing the contact with the reservoir. By Eclipse 
standards super laterals are classified as being a lateral 
longer than 4,572 m (15,000 ft). 

“There was a six- to eight-month engineering R&D 
process for the Purple Hayes well,” Hulburt said. “We 
worked to identify all of the potential pitfalls in drilling 
a well like that and create redundant systems when pos-
sible to address those risks and pitfalls. We also worked 
to determine a fracture design that enabled placement 
of fracture stages that far into a lateral.”

Drilling long, reducing costs
The application of the data collected and lessons 
learned during the last four years of working exclu-
sively in the Utica and Marcellus shales contributed 
significantly to the engineering and planning for the 
drilling of the Purple Hayes well in 2016 in eastern 
Ohio’s Guernsey County. 

The well featured the company’s first super lateral, 
reaching a final lateral distance of 5,652 m (18,544 ft), 
or 5.6 km (3.5 miles). In addition, the well was drilled 
to a total measured depth of 8,244 m (27,048 ft) in less 
than 18 days and was completed with 124 fracture stag-
es. The company’s 2017 plans call for the drilling of 11 
super-lateral wells, with four already drilled. In the first 
quarter the company drilled its Great Scott No. 3H well 
that featured a lateral extension of 5,821 m (19,100 ft) 
at a total measured depth of 8,352 m (27,400 ft) in less 
than 17 days. 

On the same Guernsey County well pad as the Great 
Scott sits the current record holder, the Outlaw C No. 11H 
well. This well was drilled in less than 17 days in the second 

quarter and features a lateral extension of 5,944 m (19,500 
ft) at a total measured depth of 8,458 m (27,750 ft).

Also drilled in the second quarter was the Yanosik A 
No. 2H well, also in Guernsey County, to a total mea-
sured depth of 7,333 m (24,060 ft) with a lateral exten-
sion of 4,760 m (15,620 ft) in 12 days.

The use of a super lateral is “an effort to bring the 
cost down, and it’s very successful doing that,” Hulburt 
noted, adding that “for the Purple Hayes well, the final 
cost was approximately $840 per foot. For the Outlaw 
and Great Scott wells we’ll have to see, but for planning 
purposes we expect them to be closer to $750 per foot.”

Cost savings between the wells can be attributed to 
a variety of factors, Hulburt said. “Some of it is due to 
efficiency gains that we’ve garnered since drilling the 
Purple Hayes well,” he said. “Also, the Great Scott and 
Outlaw wells are on a four-well pad as opposed to the 
Purple Hayes well being on a single well pad. Also, the 
Great Scott and Outlaw wells will be zipper-fracked, 
which helps us pick up quite a bit on the efficiency side, 
resulting in a cost savings.”

Another factor to the success in the drilling program 
is realizing and putting to work the value that experi-
ence—rooted in years of consistent practice, repetition, 
preparation and planning—provides.

“We have an outstanding engineering team that consis-
tently performs very well. At least for the time being all we 
have focused on is the Utica Shale for the last several 
years. Having that experience in the formation is a tre-
mendous help when you’re undertaking something like 
this,” he said. “I guarantee if we had attempted this 40 
years ago, it would not have gone as smoothly. Focusing 
on this particular formation for so long and with so many 
wells is what gave us the confidence to undertake this.” 

MULTILATERALS/ 
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Eclipse Resources’ cost per lateral foot up is up to 30% less than average peer-operated wells. (Source: Eclipse Resources)
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Adam Miszewski, AnTech

T
he petroleum industry is constantly driving to reduce 

capex and increase economic recoverability while 

minimizing environmental impact and surface footprint. 

By combining the three advanced drilling techniques of 

multilateral drilling, underbalanced drilling (UBD) and 

directional coiled tubing drilling (CTD), an operator 

can capture significant value out of known reserves. 

The highest well productivity is achieved through 

maximizing reservoir con-

tact per well/surface slot and 

minimizing reservoir damage. 

Multilateral drilling reduces 

capex through drilling multi-

ple reservoir sections per sur-

face slot while also increasing 

reservoir contact per surface 

slot. UBD minimizes reservoir 

damage, which maximizes the 

productivity of each lateral. CTD 

is inherently set up for under-

balanced operations (UBCTD), 

and CTD bottomhole assemblies 

(BHAs) can achieve high build 

rates of up to 50 degrees per 

30 m (100 ft) to allow multiple 

targets to be accessed from the 

mother wellbore. 

Selecting a BHA 
A directional CTD BHA consists 

of a coil connector, cablehead, electric or mechani-

cal disconnect, downhole orienter, sensor package, 

motor or turbine with a bent housing, and a drillbit. 

Drilling directionally on coiled tubing (CT) is similar 

to conventional slide-and-rotate drilling on a rotary. 

As CT cannot be rotated from surface, all the rotation 

needs to be carried out downhole through the orien-

ter. The rotating orienter allows the toolface to be set 

from surface or for the motor to be rotated to drill a 

straight hole. 

Service companies also can provide additional BHA 

modules such as a gyro module for orienting a whip-

stock and for drilling in the presence of magnetic inter-

ference immediately after exiting the casing.  

CT drilling faces two fundamental challenges: trans-

ferring weight to the bit and length limitations of the 

lateral sections. If the well trajectory plans for high dog-

legs, then it can be difficult to transfer weight to the bit. 

This is accentuated by the inability to rotate the whole 

drillstring as in conventional drilling. It is essential to 

have a weight-on-bit (WOB) sensor in the BHA so the 

driller can see that the weight is 

actually being transferred to the 

bit and react accordingly. The 

length of laterals that can be 

drilled with CT also are affect-

ed by the tortuosity, but this is 

particularly true in horizontal 

sections. The more tortuous the 

wellbore, the shorter the lat-

eral length will be. CTD BHAs 

that have a continuous rotating 

orienter prevent this tortuosity 

from occurring and therefore 

maximize the available WOB and 

lateral length (Figure 1).

Designing a multilateral well 
All well designs require a multi-

disciplinary team to be successful. 

When designing a multilateral 

well, an integrated team of sub-

surface specialists and directional 

drilling specialists is even more essential to successfully 

drill the well. The well design and completion strategy is 

heavily affected by the reservoir characteristics, horizon-

tal and vertical permeability, the geological structure, 

and geosteering requirements. The first step is to clarify 

if significant productivity gains can be made from uti-

lizing multilaterals over other techniques. Once estab-

lished, it is an iterative process between the directional 

drilling contractor and the operator’s engineering and 

subsurface teams to find the best way to design the well.

Drilling multilateral wells  
using coiled tubing      

Operators can capture significant value by combining advanced drilling techniques with CT.

FIGURE 1. A straight wellbore increases the  

potential length of a lateral section compared to  

a wavy wellbore. (Source: AnTech)
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There are a near-infinite number of wellbore paths for 

multilateral wells. The two most common are stacked lat-

erals and forked laterals (Figure 2). Stacked laterals can 

access different layers of a laminated reservoir. Forked 

laterals are all at a similar depth and are most commonly 

used to increase reservoir contact in a specific forma-

tion. Clarifying the objective for the multilaterals early 

on helps reduce the number of iterations required of 

the trajectory.

Once the trajectories are drafted, the wells must be 

modeled to ensure drillability and to specify surface 

equipment. For the CTD section the main areas for 

analysis are the available WOB, CT lock-up limit, bore-

hole cleaning and surface pressures. The CT can be 

specified from these models. Production and geome-

chanics models also must be run to ensure the separa-

tion equipment is suitably specified and the amount 

of the underbalance applied to the wellbore does not 

cause wellbore stability issues.

Sidetracking techniques
To create the additional well path from the mother 

wellbore, a sidetrack must be initiated. There are  

two main categories of sidetracking a well: cased-hole 

sidetracks and openhole sidetracks. The cheapest  

and fastest way to carry out a cased-hole sidetrack is 

to use a whipstock and a window milled in the casing 

rather than section milling. 

Multiple whipstocks can be set in the mother wellbore 

and retrieved if required. For openhole sidetracks the 

drilling BHA is used to create a trough in an inclined 

section of the wellbore. Once the trough is initiated, 

the WOB can be increased to carry on the borehole sec-

tion. An openhole sidetrack also can be initiated off a 

cement plug with special procedures. 

Since CTD BHAs operate on wireline, this allows 

significant amounts of real-time data to be received 

from the BHA. This helps to speed up the sidetracking 

process because rather than relying completely on time 

drilling, the directional driller can see the WOB and 

torque-on-bit responses to each operation and optimize 

on the fly. This is the case with both openhole and 

cased-hole sidetracks. A special module is required to 

monitor the casing milling operations since the vibra-

tion levels are so high.

Geosteering 
A multilateral will not provide a good return on 

investment if the laterals are not drilled into the tar-

get zones. The options for geosteering on UBCTD are 

relatively limited compared to a conventional LWD 

service. Gamma ray and resistivity are available on cer-

tain CTD BHAs. A biostratigraphy service also can be 

used to identify changing formations. The UBD pack-

age can provide a significant amount of data that can 

be used for geosteering and reservoir characterization 

while drilling. The large amount of additional infor-

mation that can be gathered from the real-time down-

hole sensors and the UBD package, if used correctly 

as part of an integrated data acquisition and reservoir 

evaluation strategy, can remove the need for expensive 

LWD tools or wireline logs.   

Drilling practices
Drilling on CT has been avoided in the past due to con-

cerns over stuck pipe and borehole cleaning issues. 

When drilling reentry wells using CTD, the borehole 

size is usually closer to the BHA size than in conven-

tional drilling. In addition, since the pipe is not rotated, 

a greater focus needs to be placed on good borehole 

cleaning practices. Every CTD project must be modeled 

and analyzed to ensure the well can be drilled success-

fully. When drilling the borehole sections, the real-time 

drilling parameters must be monitored to identify any 

indications of borehole problems. Drilling practices also 

are adapted to ensure the borehole is clean and free of 

ledges. For example, a short trip must be made at every 

46 m (150 ft) to ream the borehole, and at every 91 m to 

137 m (300 ft to 450 ft) a long trip back to the casing 

window must be made. Because the driller is able to see 

these changes in downhole conditions at surface, there 

is an opportunity to prevent these issues and optimize 

the uptime of the operation. 

MULTILATERALS/ 
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FIGURE 2. Stacked laterals offer access to different layers of a laminated 

reservoir, while forked laterals are at a similar depth and help increase 

reservoir contact in a specific formation. (Source: AnTech)
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Tihana Fuss, Raphael Herskovits, Todd Kaul, Jingyu Shi 

and Craig Wilcox, Saint-Gobain Proppants  

P
roppants have a tumultuous life cycle. From the time 

they arrive on a well pad, they undergo a grueling 

journey in their mission to aid in releasing hydrocarbons 

from the reservoir. Proppants, either natural or man-

made, are used to prop open natural, primary and sec-

ondary fractures downhole as the formation pressure is 

reduced by drawdown and the fractures attempt to close. 

The trend in unconventional wells has been toward 

drilling efficiencies and more proppant (frequently 

upward of 10 million pounds to 15 million-plus pounds) 

with longer laterals driven by a now-documented large 

increase in IP as a function of proppant mass and fluid 

volume. Because of the increased role that proppant 

plays in well productivity, it is important to study the 

entire “life” of a proppant and how each stage in the 

completion of a well can affect proppant performance. 

Significant steps during well completion that impact 

proppants are: 

• Repetitive mechanical handling before downhole 

placement;

• Exposure to acid, both pre- and post-treatment; 

• Multitudes of variable and dynamic stresses within a 

complex fracture network; and 

• Scale deposition resulting from fluid chemistry, 

downhole geology and proppant composition.

Proppant transport safety
Recent increases in proppant consumption per well 

have highlighted the environmental risks associated with 

the handling, transport and delivery of proppants. At 

each point of transfer proppant attrition develops fine 

dust particles that can affect worker safety. In addition, 

the Occupational Safety and Health Administration 

(OSHA) recently released a new crystalline silica rule 

that limits the permissible exposure limit for respirable 

crystalline silica to less than 50 μg/cu. m of air in an 

8-hr shift. Understanding the risks of proppant trans-

port and how to mitigate them is essential for a safe and 

environmentally friendly well completion project. 

A recent study investigated dust generation related 

to the transport of three different types of proppants: 

sand, lightweight kaolin clay proppants and interme-

diate-density bauxite proppants. The study conclud-

ed that all types of proppants generate dust during 

transport, and the presence of crystalline silica dust 

was found in both sand and lightweight kaolin clay 

proppant. Intermediate-density bauxite proppants 

did not contain any crystalline silica. In addition, a 

related study considered the impact of created dust 

on an average well pad that uses 10 million pounds 

of sand for well completion. At a 15-psi pneumatic 

transfer pressure (a common transfer pressure used 

to decrease proppant unloading time), the respira-

ble crystalline silica dust has the potential to reach 

200,000 times the allowable amount (Figure 1). 

The life of a proppant      
Each stage of in-well completions impacts proppant performance.

FIGURE 1. According to the new OSHA regulation, the maximum 

amount of respirable silica dust that can be generated on an 

average job site is 94.5 g. (Source: Saint-Gobain)
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In addition, the created dust can cause significant 

wear on fracturing equipment, resulting in expensive 

repairs and shutdowns. In light of these results it is 

imperative on the industry to develop innovative trans-

fer, collection and disposal protocols to minimize dust 

from proppant transfer without impeding well com-

pletion efficiencies. Current dust control technologies 

include proppant substitution (using bauxite-based 

proppants that contain no crystalline silica), proppant 

coatings, onsite dust collector ventilation systems and 

self-contained proppant delivery systems.

Fluid exposure

Fracturing fluid composition is unique for each well. 

Most wells, though, do use some form of acid in their 

fluids to dissolve minerals downhole and open up 

fracture initiation tunnels. As proppants are pumped 

downhole, they can be exposed to any acid used in the 

pad of the treatment. It is important to identify the 

influence of acid exposure on the internal microstruc-

ture of proppants since it can have a degrading effect 

on the mechanical performance of the proppant. Prop-

pant selection should take into account the appropriate 

material and microstructure to meet the requirements 

for each specific application. 

Current American Petroleum Institute (API) testing 

standards measure acid solubility but offer no guidance 

on how this number affects proppant mechanical per-

formance or how acid solubility varies as a function of 

time, temperature and dynamic conditions (i.e., actual 

reservoir conditions). A recent study indicates that 

increased acid solubility is not always an accurate indica-

tor of a decrease in mechanical integrity of a proppant 

in acidizing conditions. Depending on the proppant 

microstructure, acidizing can, for example, cause “sur-

face pits,” which will result in high-stress concentration 

regions that promote mechanical failure. 

On the other hand, acidizing may only etch inter- 

crystalline matter without affecting the structural matrix 

of the proppant, thereby allowing the proppant strength 
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to remain largely intact. The presence of silicon oxide 

phases has been shown to significantly decrease prop-

pant performance under acidizing conditions. When 

designing a well completion plan, it is important to 

understand not only the solubility of the proppant in a 

given acid but also the microstructure of the proppant 

and how its unique chemical and phase compositions 

will react under reservoir conditions. Proper planning in 

this area can have a significant impact on well productiv-

ity and return on investment (ROI).

Stress network
Unconventional completions have become common-

place and are markedly different than previous con-

ventional completions. Unconventional wells show 

extremely high IP rates and can experience multiple 

shut-ins early on and throughout the life of the well. In 

addition, proppant concentrations in unconventional 

reservoirs are believed to be about 0.25 lb/sq ft to 0.50 

lb/sq ft, much less than the standard proppant testing 

concentration of 4 lb/sq ft. The dynamic stresses and 

thin-layer fractures that are common in unconven-

tional wells have strong implications for the mechanical 

strength and conductivity of proppants downhole. 

Recent studies found that correlations and conclusions 

drawn from standard API testing do not accurately predict 

well production and overestimate the performance of sand 

and economy lightweight proppants (Figure 2). One study 

introduces a modified testing procedure that more accu-

rately resembles unconventional fracture widths, which 

are similar to thin monolayer widths. Another study 

analyzes the effect of multiple cyclic stresses, which 

mimic conditions expected during the first six to 12 

months of production. The results from the mod-

ified testing show a stronger correlation with well 

production trends, especially past 100 producing 

days. In addition, all proppants tested have very 

different proppant failure mechanisms under thin 

monolayer conditions compared to standard API 

testing. As shown in the aforementioned studies, 

pairing field trials with the utilization of unconven-

tional testing protocols may provide the most accu-

rate method for evaluating proppant performance. 

Scaling
H2S, which is inherently corrosive, can be found in 

both crude oil and natural gas. This impurity can 

be detrimental to a well and its lifetime produc-

tion. In most cases, iron sulfide (FeS) scale occurs 

when H2S comes in contact with spent acid solu-

tions containing dissolved iron ions, which can 

cause equipment damage and permeability impairment. 

In addition, scale buildup can occur due to the reactivity 

of some proppants in aqueous H2S. 

A recent study analyzed the iron-containing compounds 

in three different bauxite-based ceramic proppants and 

found they demonstrated high stability in aqueous H2S 

solution. An iron-bearing shale core sample, though, 

showed high reactivity with aqueous H2S, resulting in dis-

solution of the shale core and precipitation of FeS scale. 

Another study used certain high-strength bauxite prop-

pants from South America that exhibited detectable levels 

of reactivity with the aqueous H2S solution. The conse-

quences of scale buildup can negatively affect the ROI for 

any given well. Although the presence of iron-bearing for-

mation is not preventable, the risk associated with certain 

proppants can be mitigated by choosing the appropriate 

nonreactive high-strength proppant. 

At each crucial well completion step listed above it is 

important to understand its effect on proppant and, in 

turn, the well’s sustainable production performance. 

Current standard testing procedures, developed some 

30 years ago, do not take the full life cycle of a prop-

pant into account, especially considering application 

conditions seen in today’s unconventional wells. In 

some cases this can lead to under- or overestimated per-

formance of different proppant types. As proppant cost 

can reach up to 40% of total drilling and completion 

expense, development of new and relevant prop-

pant-testing techniques promises to lower risk associat-

ed with proppant selection and well ROI. 
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FIGURE 2. This graph depicts the evolution of percentage by weight of collected 

fines for all tested 20/40 mesh proppants as a function of proppant loading for 

6,000 psi. (Source: Saint-Gobain)
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Sid Banerjee, Fairmount Santrol

B
ehind the booming growth in shale oil and gas pro-

duction is a conflict that every E&P company has expe-

rienced in some variation. On one front, prices in global 

markets have been tepid and uncertain, so operators 

know they must optimize the payback of each investment. 

They have sought to extract more oil and gas from every 

well, squeeze more wells into every lease and pace produc-

tion declines, all while driving down the cost per barrel of 

produced hydrocarbons. In doing so, the industry trend 

has been toward low-viscosity slick water, complex fracture 

geometries and increased volumes of proppant and water 

in the fracturing process. 

Yet on other fronts these same operators are acknowl-

edging how resource-constrained they have become. 

Competition has grown for usable water sources, expe-

rienced field crews, preferred proppant mesh sizes and 

workable options to dispose of produced water. Every 

company seems to be chasing the same proppant mesh 

sizes favored by slickwater transport—and in increasing 

volumes—and the greater water needs of larger slick-

water stimulation programs have been creating conflict 

with the competing water interests of ranchers, farmers, 

municipalities and other industries.  

If that were insufficiently challenging, water doubles 

as the industry’s greatest waste stream. The flowback 

and produced water generated over the life of the well 

often has such high salinity and hardness that recycling 

is prohibitively expensive or technically challenging, 

forcing operators to find ways to dispose of millions of 

gallons of nonpotable water while simultaneously scram-

bling for sources of freshwater. 

As an industry that struggles with negative public 

perception, development of solutions to reduce or elim-

inate this massive waste stream will inherently improve 

the optics around the life cycle of water in the oil field, 

thus reducing its environmental and social impact.

SSP technology and water management
Many vendors have tried to address these challenges in a 

piecemeal fashion, addressing solely the issues of prop-

pant transport, water recycling, or well and stage spacing 

to the exclusion of others. 

Yet recently a new type of self-suspending proppant 

(SSP) technology has emerged that offers a comprehen-

sive approach to many of the complications in uncon-

ventional oil and gas production. This technology exists 

to improve fracture geometry and proppant placement, 

enabling field development optimization and flexible 

water management plans.

The SSP technology offers options for both a freshwa-

ter and salt-tolerant hydrogel wrapped around sand or 

ceramic proppant. When mixed with water in a fracture 

blender, the hydrogel expands to create near neutral 

buoyancy for the coated proppant and the ability to flow 

at any pumping rate. This polymer shell stays securely 

affixed to the proppant substrate throughout pumping 

operations, imparting minimal viscosity and reducing 

friction pressure loss. With lower friction pressure the 

SSP technology enables greater slurry proppant concen-

trations to exhibit lower treating pressures. 

Like traditional slick water, slurry viscosity remains 

exceptionally low—only adding about 5 centipoise (cp) 

for each pound of proppant added to water to a maxi-

mum slurry viscosity of about 35 cp. Unlike a traditional 

slickwater fluid system, the operator is not constrained 

to fine mesh proppant (e.g., 100 mesh or 40/70 mesh 

Northern white sand) and low concentrations (e.g., less 

than 2 lb/gal of water). This technology easily transports 

any proppant mesh size at high concentrations with 6 

parts per gallon (ppg) commonly targeted and 12-ppg 

loadings achieved in the field. By using SSP, fracture pro-

grams can be optimized to generate complex branched 

fractures while still transporting proppant evenly through 

the generated pathways at any pump rate.

SSP flexibility 
High proppant intensity can be achieved with smaller 

pumped volumes, reducing the water needed by as 

much as 67%. Alternatively, water can be shifted into the 

pad instead of being reduced with a greater likelihood 

of a propped secondary or tertiary fracture network, 

improving the EUR for a single well by more than 20% 

and reducing drilling and completion cost per barrel 

New proppant offers solutions to 
unconventional production      

Technology helps improve fracture geometry and placement.
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produced. This SSP technology has been field-tested as 

low as 3 bbl/min and more than 100 bbl/min through a 

range of plug-and-perf, coiled tubing and sleeve systems. 

SSP creates new flexibility in well and stimulation design, 

allowing any mesh through any fracture system for any 

well. Operators are now empowered to pursue the key 

performance indicators that matter to them in the areas 

of operational efficiency, reservoir recovery and/or capi-

tal and operational expenses. Depicted in the infographic 

is one possible way to move from a conventional slickwa-

ter design to a design that minimizes water sourcing and 

management, with the corresponding improved metrics 

that could only come with the use of SSP.

Building on the notion of any mesh, SSP allows oper-

ators to maximize conductivity, if needed, or otherwise 

decouple design from supply-demand constraints. The 

shift to fine mesh sand was originally predicated on cost 

reduction efforts and market dynamics (i.e., limited 

coarse mesh availability) in the 2013-2014 time frame. 

Fine mesh is no longer just a byproduct of mining 

high-conductivity coarse mesh sand and instead trades at 

a premium. With increased proppant intensity and cost 

of fine mesh, flexibility of sand sourcing only improves 

economic viability for oil and gas operators. In fact, 

nearly every aspect of stimulation design is open for 

optimization, as screenout-free proppant transport can 

be achieved in a broad window of possible pump rates, 

proppant mesh sizes or multistage fracturing systems. 

The low frictional pressure and neutral density of a 

Propel SSP slurry means the pump rate can be opti-

mized for the fracture it generates, not merely as some 

race against the settling of proppant within the fracture. 

Stimulation treatments can now achieve the same or bet-

ter results with fewer pump trucks in less time and with 

less social and environmental impact. Flexibility in water 

sourcing and disposal minimizes the number and driv-

ing hours of tanker trucks while decreasing costs. Even 

chemical usage can be slashed since pumping SSP can 

mean no need for guar, cross-linker, friction reducer or 

the additional chemicals associated with each incremen-

tal gallon of water pumped in a sizably larger slickwater 

fracture. With SSP each stimulation stage pumped can be 

operationally leaner, more efficient in fracture generation 

and proppant placement and demonstrably better in 

long-term production.

SSP use with flowback water
The real breakthrough achieved with this SSP technol-

ogy is the recent addition of produced-water tolerance. 

Based on laboratory testing, the new version of this SSP 

technology will function in water with 350,000 ppm 

total dissolved solids and 40,000 ppm hardness. SSP 

technology can use flowback and produced water from 

every major shale basin in North America and immedi-

ately employ it as a fracturing fluid, reducing the need 

for disposal wells, wastewater cleanup costs and compe-

tition for potable water with the community. Gone are 

the transportation costs to disposal wells or offsite treat-

ment facilities. Instead, the industry’s greatest waste 

stream becomes a valuable resource with direct reuse 

of flowback/produced water in subsequent hydrofrac-

tures, reducing water management costs across the life 

of the well.

In creating a high salt-tolerant technology, the industry 

can address the root of multiple needs: the need to move 

proppant more effectively, the need to have productive 

stimulation treatments that last longer and the need to 

reuse water to reduce impact on supply. In creating opti-

mal fracture geometry petroleum engineers can reimag-

ine fundamental well design practices with fewer operat-

ing constraints. Use of Propel SSP can allow operators to 

more effectively downspace without operational con-

straints. This proppant technology gives operators the 

tools to achieve maximum reservoir simulation, increased 

recovery and better economic return from their asset. 

Technology has created a chance for oil and gas opera-

tors to experience the rare win-win, with improved finan-

cial returns and a more environmentally responsible role 

in the communities in which they operate. 

PROPPANTS
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Capital efficiency can be increased by reimagining well design  

without typical constraints that stem from proppant settling  

(i.e., pump rate, proppant load and water volume). (Source: 

Fairmount Santrol)
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FLOATING PRODUCTION, 

MOORING & POSITIONING

Alaa Mansour, INTECSEA  

(WorleyParsons Group)

D
uring the last 30 years offshore oil and gas develop-

ments have moved into increasingly deep, remote 

and technically demanding regions. However, riser sys-

tem development has not been static. Hybrid riser  

systems have gone some way to help exploit these more 

challenging plays. In the persistent lower-for-longer price 

environment there is continuing pressure to develop 

these fields safely while reducing capex and opex. 

In short, a technological step change is needed to open 

up less accessible or economically cost-prohibitive fields.

Field development challenges
The development of challenging oil and gas fields 

with minimal or no infrastructure typically requires 

the deployment of floating facilities with storage capa-

bilities. In such fields the FPSO vessel is the preferred 

option, accounting for about 70% of the floater market.

Semisubmersible units, spar platforms and ten-

sion-leg platforms (TLPs) are also common in deep-

water regions. TLPs are particularly suited for water 

depths less than 1,500 m (4,921 ft). But FPSO units 

and floating LNG (FLNG) vessels have the distinct 

advantage of having the required storage and offload-

ing capability, while other floating production units 

such as semisubmersible units, TLPs and spar plat-

forms need a separate storage vessel or existing infra-

structure to export production to shore.

However, there are substantial limitations with con-

ventional FPSO and FLNG vessels that, if overcome, 

could considerably broaden their reach and lead to a 

significant reduction in field capex and opex.

Dry-tree applications
Using top-tensioned risers (TTRs) for direct vertical 

access to production wells has established technical and 

economic advantages.

Direct vertical access ensures that all drilling and com-

pletion can be carried out from one floater, enhancing 

reservoir recovery and mitigating flow assurance issues 

while reducing drilling and completion costs. 

However, the stroke limitation of the existing qual-

ified tensioner technologies means TTRs require a 

floating system with minimal heave response, so they 

cannot be hosted on FPSO units. As such, in dry-tree 

applications where storage is required, a wellhead plat-

form is typically used along with an FPSO unit, adding 

significantly to overall field development costs.

Wet-tree applications
In wet-tree applications steel catenary risers (SCRs) are 

considered the most robust riser option because of their 

simplicity, long life cycle and extensive in-service history 

as well as relatively low combined capex and opex cost. 

However, the high dynamic motion of FPSO units makes 

them unsuitable for SCRs apart from in the most benign 

environmental conditions such as West Africa.

As such, less robust and more complex and expensive 

riser systems such as flexible risers or hybrid riser towers 

are typically adopted with these vessels in more chal-

lenging environments.

Riser-friendly floater option 
INTECSEA’s low-motion (LM) floater technology is set to 

significantly reduce field development capex and opex. 

This robust and low-tech solution comprises field-proven 

components that have been in service for more than 20 

years and can be applied to newbuild or conversion FPSO 

units, FLNG vessels, and semisubmersible units.

Fundamentally, for FPSO and FLNG applications the 

technology vastly improves field economics through the 

ability—for the first time—to deploy these vessels with 

large-diameter SCRs and TTRs in remote, challenging envi-

ronments as well as reducing costs by eliminating the main-

tenance turret and swivel system in harsh environments. 

In addition, a conventional semisubmersible hull with 

four columns and a ring pontoon can adopt LM tech-

nology to become a suitable host for dry-tree and TTR 

applications in deepwater and ultradeepwater fields.

The technology is less sensitive to weight and vertical 

center of gravity variation during construction, histor-

ically one of the highest risk elements on the project 

execution cost and schedule. It maintains quayside 

integration, and its high stability and superior motion 

Low-motion technology transforms 
the reach of floating production      

New system could open up previously inaccessible fields. 
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response onsite means reduced deck steel and piping 
weight and enhanced habitability, crew safety and heli-
copter operability.

LM technology
Initial work has focused on demonstrating the supe-
rior performance of the LM technology when applied 
to a box-shaped hull (LM-FPSO). The LM-FPSO is a 
design developed to capitalize on the advantages of 
conventional FPSO units, including onboard storage 
and offloading capabilities, high payload suitability, 
and quayside integration, while offering superior 
motion response suitable for using SCRs and TTRs in 
very harsh environments. The shape of the LM-FPSO 
hull allows the use of conventional mooring systems, 
eliminating the need for an expensive turret and 
swivel system.

A five-week model-testing program performed in 
collaboration with Korea Research Institute for Ships 
and Ocean Engineering in November 2016 found the 

LM-FPSO’s motion response was comparable with that 
of a TLP and better than a spar.

Consistently, in case studies the design demonstrated 
an economic advantage in both wet- and dry-tree appli-
cations, with capex savings estimated to be between 
$500 million and $1.2 billion over alternative conven-
tional designs.

A wet-tree design West of Shetland saved $800 mil-
lion in capex by eliminating the turret and using SCRs. 
Using a dry-tree design in the South China Sea saved 
$660 million in capex by enabling the use of TTRs and 
eliminating the need for a wellhead TLP. Another dry-
tree design used offshore West Africa saved $1.2 billion 
in capex using TTRs, eliminating a wellhead platform 
and facilitating well completion and workover from the 
FPSO unit.

The challenge for the industry is whether it can recon-
cile the seemingly incongruent requirements to develop 
fields in increasingly greater depths and hostile conditions 
while at a significantly reduced cost.

FLOATING PRODUCTION, 

MOORING & POSITIONING
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INTECSEA modeling estimates that overall field development capex 

savings of up to 19% is achieved when comparing a conventional FPSO 

unit with the wet-tree LM-FPSO with SCRs and a dry-tree LM-FPSO  

with TTRs.

INTECSEA’s LM capability potentially opens up a wealth of prospects 

around the world, stretching from marginal fields in the U.K. Continental 

Shelf to the gas basins of the Antipodes. 

INTECSEA’s LM technology helps reduce development capex and opex for fields requiring 

either a wet-tree design (top) or a dry-tree design (bottom).  (Source: INTECSEA)

LM-FPSO - Wet Tree Application

LM-FPSO - Dry Tree Application
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SEG TECHNOLOGY  

SHOWCASE

T
he Society of Exploration Geophysicists (SEG) Inter-

national Exposition and 87th Annual Meeting in 

Houston provides an avenue to showcase and share new 

technical insights and business developments across mul-

tiple disciplines of the geosciences sector. The following 

is a sampling of some of the new technologies and prod-

ucts that will be showcased at the conference this year. 

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

companies and does not reflect the opinions of Hart Energy.

Digital seismic 
system receives 
upgrade
Designer and man-

ufacturer Avalon 

Sciences Ltd. (ASL) 

delivers borehole 

seismic technology 

with a specific focus 

on vertical seismic 

profiling and down-

hole microseismic 

equipment. At 

booth 2320 at the 

SEG conference 

ASL will be present-

ing the latest hard-

ware,  including an 

update on the new 

3-component down-

hole fiber-optic 

system (BOSS) and 

the new X-Series 

modular upgrade to 

the Geochain system. The X-Series will deliver tool func-

tionality enhancements to clients’ existing Geochain 

inventory, namely upgrading the downhole tool tem-

perature rating to 196 C (385 F), along with improved 

telemetry performance and integrated high-side indi-

cators to give real-time tool roll and inclination values 

within every satellite. Combined with the company’s 

new ultrahigh-pressure 35,000-psi Advanced Seismic 

Receiver, the new X-Geochain is designed to be one of 

the most robust wireline seismic tools for operation in 

the most hostile of well environments. avalonsciences.com

FWI, least-squares migration a focus at SEG
At SEG 2017 CGG will showcase some of its latest imag-

ing technologies including reflection-based full-wave-

form inversion (RFWI) and least-squares migration 

(LSM). Both technologies have been applied to some 

of CGG’s most recent JumpStart integrated multicli-

ent geoscience programs, including Encontrado in 

the Southern Gulf of Mexico. In complex areas FWI 

provides significant uplift in velocity model accuracy, 

particularly in the shallow sediment section. Recent 

advances using RFWI have delivered significant 

improvement in deeper sections below complex struc-

tures such as mobile shales or massive salt bodies. CGG 

also has made extensive advances in LSM technology, 

which can provide substantial improvements to both 

image quality and amplitude fidelity. For more informa-

tion, see the six CGG papers on RFWI and LSM in the 

SEG 2017 technical program. cgg.com

Transforming end-user geoscience
As the oil and gas industry embraces increased digitaliza-

tion across the hydrocarbon value chain, the geoscience 

community needs more computing power at its disposal to 

Conference to tout new  
exploration technologies     

The SEG conference will feature a vast amount of new  

products and services for the geosciences field. 

Geochain is a complete vertical  

seismic profiling digital seismic  

system, operating with up to 62 

satellites for maximum logging and 

recording efficiency. (Source: Avalon 

Sciences Ltd.) RFWI enhances the imaging of the complex Perdido fold belt 

structures and underlying reservoirs in the Encontrado program. 

(Source: CGG Multi-Client & New Ventures)

Before RFWI After RFWI
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manage the exponential increase in captured seismic and 

operational data but without the burden of being forced to 

locate teams where the computing power traditionally is. 

Geoscience benefits greatly when workflows are executed 

in close proximity to the field, and this is accomplished 

using three end-user computing modes: 1) regional geo-

science, where teams share computing resources through 

high-visualization virtual desktop infrastructure; 2) remote 

operations, where offshore and environmentally challenged 

locations require computing through self-contained appli-

ances; and 3) enhanced immersive geoscience, where vir-

tual and augmented reality technologies increase the level 

of data interaction, understanding and geoscience collabo-

ration in a practical, material way. Dell EMC is demonstrat-

ing end-user geoscience transformation at SEG 2017 booth 

1101 using its Petrotechnical IT Solution Suite. dellemc.com

Triple-combo log suite categorizes  
porosity components
It is commonly recognized that unconventional reservoir 

systems have mixed wetting—both a water-wet fraction 

and an oil-wet fraction. Analysis of rock samples has been 

used for many years to measure reservoir wetting (Kumar 

et al. 2015). However, there are no available petrophys-

ical techniques for wetting categorization using readily 

available logging suites. In 2016 (AAPG, Las Vegas) using 

triple-combo logs Digital Formation presented data from 

a number of unconventional reservoirs categorizing the 

porosity component that is water-wet and recognizing 

another component that is oil-wet. The oil-wet compo-

nent is organic porosity generated from the total organic 

carbon during the thermal maturation process. This 

organic porosity has not been previously calculated in 

standard petrophysical analysis. The approach has very 

significant applications to the study of flow characteris-

tics of unconventional reservoirs. The amounts of poros-

ity that are oil-wet and water-wet can be quantified level 

by level. Each component will have markedly different 

flow characteristics to derive a combined response for 

the total system. digitalformation.com

Visualize, manipulate and interpret data 
within single software platform
How are you figuring out which zones your competitors’ 

wells are landing in and producing from? How are you 

measuring well interference? Are you using geoscience 

and engineering data to predict and optimize future 

results? Imagine a tool that could use deviation surveys 

and gridded geologic surfaces to precisely locate horizon-

tal wellbores and calculate geometric attributes for each, 

such as distance to nearest fault, percent in zone and 

more in minutes. Or imagine a tool that allowed quick  

but sophisticated identification and quantification of 

interfering well pairs or perhaps a tool that was custom- 

designed to integrate geology, geophysics and engineering 

data in a rigorous multivariate analytics workflow to pre-

dict the best “recipe” for wells in a specific area. With DI 

SEG TECHNOLOGY  

SHOWCASE

A comparison of Pickett Plots in a clean formation total porosity 

and in the organic porosity are shown. (Source: Digital Formation)

DI Transform’s geoscience and engineering tools help users meet 

today’s resource play development challenges. (Source: Drillinginfo)
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Transform these tools are a reality. With 3-D visualization 

and functionality to solve today’s challenges DI Transform 

is designed to help companies throughout the oil patch 

deliver better answers and results. info.drillinginfo.com

System improves depth penetration  
and resolution 
EMGS has completed the development of the next-gener-

ation electromagnetic (EM) source system. Deep Blue was 

developed within a joint industry project (JIP) with Shell 

and Statoil with the goal of significantly improving the 

depth penetration and resolution compared to existing 

EM systems. The new deep-towed source can operate in 

water depths up to 4,000 m (13,123 ft), and the depth of 

penetration will increase up to 1.5 km (.93 mile) in most 

geological settings. Deep Blue not only impacts deep 

exploration targets but also near-field exploration and 

field appraisals, where resolution and sensitivity require-

ments are higher. Following a successful technology trial 

offshore Norway, which confirmed improvements in data 

quality and prospect imaging, the JIP partners entered 

a commercialization agreement. The first commercial 

survey using the next-generation EM source system was 

recently completed in an area offshore Norway. emgs.com

Import data, co-visualize information 
Canopy Geoscience is a software platform for building 

geoscience applications using Python. The platform 

provides tools to import geoscience data and co-visual-

ize information spanning multiple disciplines such as 

geophysics, petrophysics and reservoir engineering. This 

eliminates the limitations of domain-specific solutions 

and accelerates the delivery of innovative data analysis 

workflows to oil and gas companies. The Python scientific 

software ecosystem provides a wide range of tools to  

rapidly take research ideas from the whiteboard to 

deployed applications. Leverage existing geoscience 

toolkits including seismic processing, geostatistics and 

reservoir simulation. Incorporate the latest artificial intel-

ligence techniques and machine learning models using 

scikit-image, TensorFlow, Keras and more. Users can give 

their existing Python scripts a custom user interface and 

deploy easy-to-use applications to their team. Canopy 

Geoscience is extensible, and plugins can be written to 

extend the capabilities of the application. Enthought 

builds custom software for oil and gas companies that  

are deployed on Canopy Geoscience. enthought.com 

Flexibility, scalability 
and safety in  
OBN acquisition
FairfieldNodal has extended 

its ZNodal Technology port-

folio to include ZXPLR, an 

ocean-bottom node (OBN) 

capable of dual-mode 

deployment. New efficien-

cies in deployment and 

node handling will create 

more cost-effective opportunities to acquire the long-off-

set, full-azimuth and densely sampled data characteristic 

of OBN acquisition. In a deepwater configuration ZXPLR 

is designed to significantly improve node deployment, 

recovery and HSE exposure by increasing high-speed 

loader (HSL) payloads, employing mid-water docking 

and active heave controls on HSL and ROV systems. In 

shallow-water configuration  ZXPLR features automated 

retrieval and deployment with safe and efficient hands-

free rope connection and disconnection. Overall survey 

and back deck management systems have been improved, 

and onboard data quality control has been largely auto-

mated, enabling onboard processors to quickly and con-

sistently verify node data. fairfieldnodal.com

SEG TECHNOLOGY  

SHOWCASE

The EMGS Deep Blue source (left) is shown being deployed  

for its first commercial survey offshore Norway. The EMGS  

conventional source is shown on the right. (Source: EMGS)

Canopy Geoscience integrates data input/output and  

visualization in a Python environment for building innovative 

geoscience applications. (Source: Enthought)

FairfieldNodal’s ZXPLR is 

capable of deployment by 

passive rope or ROV. (Source: 

FairfieldNodal)
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Marine vibrator generates seismic energy 
equivalent to airguns
The environmental impact of subsea noise can be sig-

nificant—high-amplitude impulsive sources can mask 

animal calls and may cause temporary hearing loss or 

changes in animal behavior. The Geokinetics AquaVib 

marine vibrator is a towable marine source that gener-

ates seismic energy equivalent to airguns at significantly 

reduced sound pressure levels and at frequencies below 

the hearing range of most marine species. The AquaVib 

subarray consists of two Triton vibrators and one lower 

frequency Subton, each with different response charac-

teristics and resonant frequencies. Advanced controller 

systems enable precision acoustic output while providing 

real-time feedback to ensure high levels of acoustic qual-

ity control. AquaVib is designed for water depths as little 

as 1 m (3.28 ft), delivering performance and reliability 

in challenging transition zones, lakes and shallow-water 

OBN surveys. geokinetics.com

Technology results to be featured at conference
Geophysical Insights will be showcasing the application 

of two important results that are the product of applying 

Paradise machine learning technology on multiple seis-

mic attributes simultaneously at single sample resolution: 

discrimination direct hydrocarbon indicators (DHIs) 

and identifying thinbeds below classic seismic tuning at 

SEG 2017. DHIs are seismic anomalies due to the pres-

ence of hydrocarbons and caused by changes in rock 

physic properties. The accurate interpretation of DHI 

characteristics has proven to significantly improve the 

success rates of drilling commercial wells. Paradise incor-

porates attribute generation and multi-attribute analysis 

using self-organizing maps. Likewise, the identification 

of features below classic seismic tuning (thinbeds) is 

enabled by multi-attribute analysis and is not restricted 

to resolution limits of conventional amplitude data. Both 

of these capabilities have profound consequences on 

interpretation, which will be addressed in presentations 

at the company’s booth 301 and are described in recent 

papers. geoinsights.com

Producing multiple possible  
geological realizations 
Ikon Science will be releasing a new stochastic version of 

RokDoc Ji-Fi technology. The flagship joint impedance 

and facies inversion technology (Ji-Fi), which requires 

no low-frequency background model, generates multiple 

equi-probable realizations of facies and elastic properties 

from seismic and geological input data. This new release 

delivers a host of statistical analysis features to assess rock 

and hydrocarbon volumes along with facies and rock 

property uncertainty. RokDoc Ji-Fi brings 21st century 

seismic data analysis to subsurface teams working in explo-

ration, near-field, development and production drilling. 

Other enhancements to RokDoc Ji-Fi this fall include 

spatially varying wavelet and noise fields and a new, more 

intuitive and user-friendly interface. Furthermore, the 

SEG TECHNOLOGY  

SHOWCASE

Self-organizing maps enable interpreters to clearly identify thinbeds 

and edge effects associated with DHI characteristics such as 

hydrocarbons contacts, transition from hydrocarbon to brine 

portions of the reservoir and even more accurate hydrocarbon  

volumetric calculations. (Source: Geophysical Insights)

The Geokinetics AquaVib generates seismic energy at  

frequencies below the hearing range of most marine species. 

(Source: Geokinetics)
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2017 software supports high-performance computing 

solutions on both large-scale cluster and cloud computing 

environments. ikonscience.com

Collaboration leads to 
nodal acquisition system
A collaboration between INOVA 

Geophysical and Innoseis has 

enabled development of a new, 

fully featured autonomous nodal 

acquisition system. The system 

leverages iX1 command and con-

trol software from INOVA and 

Tremornet from Innoseis to create 

a new system called Quantum. 

iX1 provides hardware and soft-

ware functionality for all types of 

onshore seismic operations plus 

nodal data download and man-

agement and in-field operational 

tools. iX1 also provides integrated source control and is 

compatible with INOVA’s existing cable and cableless 

acquisition ground equipment facilitating a single sys-

tem infrastructure for hybrid deployments. Quantum 

is the industry’s lightest and lowest power nodal sensor 

enabling fast, cost-effective seismic recording. These 

attributes make dense receiver deployment economically 

feasible resulting in a higher resolution seismic image. 

The Quantum system provides users with a new acquisi-

tion technology, supported worldwide by INOVA, that is 

designed to deliver lower costs, greater operational flexi-

bility and improved image quality. inovageo.com

Accelerate development of web-based  
data visualization 
INT offers the only digital framework—IVAAP—which 

unlocks significant value for E&P with a modern, cloud-

based platform to help companies achieve the lowest 

TCO and highest operational performance. IVAAP’s 

modular and scalable microservices architecture accel-

erates the development of data visualization and analysis 

solutions so users can replace outdated legacy platforms 

quickly and easily. IVAAP aggregates and streams multi-

ple data sources in real time, including WITSML, and the 

HTML5 client uses GeoToolkit libraries—the industry 

standard—to build powerful visualizations, including well 

logs, histograms, schematics, 2-D/3-D and more. With no 

installation needed, users can set up and analyze their 

data in minutes. Cloud-enabled and network-secure, 

IVAAP allows teams to collaborate remotely and helps 

companies optimize their E&P processes. int.com

New technique for thin layer interpretation, 
hydrocarbon detection 
Lumina’s PhaseDecomp is a direct hydrocarbon and 

sweet spot indicator that offers a new technique for 

thin layer interpretation and hydrocarbon detection 

by making subtle amplitude effects highly visible. By 

separating the seismic trace amplitudes into unique 

phase components (akin to spectral decomposition’s 

SEG TECHNOLOGY  
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According to INOVA 

Quantum is the  

industry’s lightest 

and lowest power 

nodal sensor. (Source: 

INOVA Geophysical)

IVAAP is a digital framework that accelerates the development 

of web-based data visualization and analysis solutions for 

upstream E&P users. (Source: INT)

Stochastic inversion allows uncertainty in reservoir properties to be taken into account, producing multiple possible geological  

realizations. (Source: Ikon Science)

- - -
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frequency components), phase attributes that accentu-

ate otherwise subtle amplitude anomalies are produced. 

Lateral changes in lithology, porosity and fluid content 

all affect amplitude and phase of the seismic data. 

Amplitude anomalies become more recognizable when 

interpreted on individual phase component volumes. 

Hydrocarbon effects are commonly separated on the -90 

phase component, while water contacts could be more 

readily observed in the 180 phase component. With this 

improved seismic interpretation technique, hydrocar-

bon volumetrics and reserves calculation is more pre-

cise, and exploration risk is reduced. luminageo.us/v2

Real-time notification of seismicity 
Nanometrics’ developments in processing and noise-sup-

pression techniques fully utilize the power of broadband 

seismometers, which allow cost-effective passive fracture 

imaging, giving users fracturing diagnostics at a fraction 

of the price of costly and riskier downhole monitoring. 

The company operates the largest private arrays in the 

world by which operators can share installation costs 

while maintaining state and provincial regulatory com-

pliance. Real-time risk management is best accomplished 

through dense monitoring arrays (private or shared), 

allowing operators to monitor themselves. Nanometrics 

will be at SEG at booth 1909. nanometrics.ca

Improving asset team effectiveness 
At SEG Paradigm will feature some of the advanced 

technologies in its Paradigm 17 release, designed to 

improve asset team effectiveness and results. These 

include incorporating machine learning into the inter-

pretation platform for facies classification.  Another 

workflow presented lets users realize the full value of 

chronostratigraphic modeling by combining chrono- 

stratigraphic interpretation and modeling without 

approximations. The company will present broadband 

deghosting in a high-resolution seismic processing, 

imaging and inversion workflow. Paradigm will also 

show the value of in situ full-azimuth imaging for differ-

ent geologic regimes and demonstrate how to improve 

field decisions through precision depthing with travel 

time-preserving tomography. Advanced SKUA-GOCAD 

technologies will be presented, including stochastic 

refinement and inversion for better vertical resolution 

and probabilistic outcomes, the use of integrated res-

ervoir modeling to improve horizontal well placement, 

and other new offerings. Finally, the company will show 

how Paradigm software running on the cloud provides 

an optimal solution to the demanding requirements of 

the oil and gas E&P industry. pdgm.com

Seismic vector array used to characterize, 
monitor subsurface
At SEG Paulsson Inc. will showcase a borehole vector-seis-

mic all-optical array consisting of a small-diameter drill-

pipe-based deployment system that includes a hydraulic 

clamping mechanism for the sensor pods, an optical 

sensor pod design, a fiber-optic seismic vector sensor, 

distributed temperature sensors, distributed acoustic sen-

sors and optical pressure sensors. In combination, these 

technologies allow the deployment of an ultralarge num-

ber of 3-component seismic sensor pods and distributed 

optical sensor arrays in vertical, deviated or horizontal 

wells. Laboratory and field tests of the fiber-optic seismic 

vector sensors have shown that the optical borehole seis-

mic sensor technology can generate high vector fidelity 

data with extremely large bandwidth—0.01 Hz to 10,000 

Hz. Benefits include a proven capability to record micro-

SEG TECHNOLOGY  
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The left image is a stacked seismic section, and the right is the  

-90 phase component showing bright amplitudes at hydrocarbon 

accumulations. (Source: Lumina Geophysical)

Machine learning-based rock-type classification uses seismic data 

and facies logs to predict facies volumes and their probability of

occurrence to improve reservoir characterization. (Source: Paradigm)

http://EPmag.com
http://luminageo.us/v2
http://nanometrics.ca
http://pdgm.com


  

September 2017   |   EPmag.com88

seismic data at magnitudes much smaller than M-4.0 at 

frequencies more than 2,000 Hz at temperatures more 

than 300 C (572 F). paulsson.com 

Geoscience application software  
increases efficiency
SeisWare and Recon software is an integrated geophys-

ical and geological interpretation package used by 

geophysicists and geologists. SeisWare International 

Inc. developed a patented technology called Cascade 

Technology. Any changes to interpretation immediately 

update within the company’s interactive windows while 

re-gridding all of the user’s structural surfaces on the fly. 

This is designed to greatly reduce the time it takes for 

geologists to do quality control and increases efficiency 

and accuracy of interpretation. seisware.com

Improving subsalt images in the GoM
New long-offset and dual wide-azimuth (WAZ) acquisi-

tions combined with a geologically sound velocity mod-

eling strategy provides unprecedented insights into the 

subsalt of the Mississippi Canyon region of the Gulf of 

Mexico (GoM). Salt structures can be complicated but, 

once they are built, can simplify the geologic model. 

Completely reworking some salt tectonic structures 

enhances the image, particularly in the Mesozoic sec-

tion. It is critical that concepts are tested and proven 

successful for the resulting migrated image. Certain 

types of improvements stand out. Refinement of the 

shallow salt shape and especially of shallow overhangs 

uplifts the local subsalt image. Salt-stock geometries are 

addressed, and in some cases shapes are simplified.  

Salt wings and early Miocene canopy structures are 

reevaluated. The common hourglass shape of vertical 

stocks is simplified, widening the “waist,” vastly improv-

ing the base-salt image at the Louann level and permit-

ting presalt imaging. tgs.com

Onshore seismic data 
acquisition enhanced
Wireless Seismic has enhanced 

and expanded the industry’s 

only fully scalable wireless seis-

mic recording systems with real-

time data transmission. The RT2 

system now features new hard-

ware developed to significantly 

reduce the wireless recording 

unit power consumption, result-

ing in less capex and greater 

efficiencies. One fully charged 

standard six-cell battery now 

operates a wireless recording 

unit for 25-plus days. Wireless 

Seismic is also a collaboration 

partner with Total E&P 

Research & Development and 

Geokinetics for the next-genera-

tion land seismic acquisition and 

processing system Multiphysics 

Exploration Technology Inte-

grated System (METIS). Wire-

less Seismic provides the 

real-time seismic recording infrastructure that supports 

the 150,000-plus real-time channels required by METIS 

deployments; the high-speed, real-time radio telemetry 

system based on its next-generation radio technology; 

and the seismic recording channel called Downfall Air 

Receiver Technology (DART) deployed from aerial 

drones. wirelessseismic.com  

SEG TECHNOLOGY  

SHOWCASE

The Paulsson team deploys an all-optical vector seismic and 

distributed optical sensor array into a deviated borehole drilled 

into a Michigan reef to monitor a CO2 flood. (Source: Paulsson)

Salt interpretation for velocity model building using  

long-offset multi-WAZ data improves the subsalt image in  

the eastern Mississippi Canyon in the GoM. (Source: TGS)

The RT2 system now 

features new hardware 

developed to significantly 

reduce the wireless 

recording unit power  

consumption. (Source: 

Wireless Seismic)

Declaration M-WAZ 3-D
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The US Bakken Shale play: 
an EUR analysis 
Despite high remaining EURs, activity is down.

Contributed by TGS

T
his Bakken dataset is extracted from 
the TGS Well Performance Database 

containing 11,655 wells. There were three 
criteria for including wells in the study: 
horizontal and producing from the Bak-
ken/Three Forks shale play; completed 
and put on production since Jan. 1, 2008, 
(looking at the last 10 years of well com-
pletions); and actively producing wells.

Each well is forecasted to economic limit 
using the Production Forecast Module, and 
oil EUR is calculated for each well.

Comparing total oil EUR to remaining 
oil EUR shows that only 44% of the oil 
has been produced from these Bakken 
wells. About 2.6 Bbbl of oil remain. 

Drilling permits, which are valid for 
one year in North Dakota and six months 
in Montana, are a leading indicator of 
expected drilling activity. There have 
been 1,048 permits to drill approved in 
the area in the last year (since July 2016) 
fi led by 38 different operating companies. 
The top 10 operating companies in the 
area account for 799 total permits, or 
76% of the total. 

Are permits to drill in the Bakken 
recovering? An historical look at permit 
counts show a large reduction in new per-
mits to drill since the $100 oil days, with 
no recovery trend recognized yet. 

UNCONVENTIONAL REPORT: 

BAKKEN 

Total oil EUR in barrels helps identify spatial patterns of high-performing wells. (Source: TGS)

Only 44% of the 

oil has been 

produced from 

existing Bakken 

wells. (Source: TGS)

US Bakken Oil EUR Map 
of Active Producing Wells

Symbol Fill Color 
Well Ultimate

Between 1 and 250,000 bbl

Between 250,000 and 500,000 bbl

Between 500,000 and 1,000,000 bbl

Between 1,000,000 and 1,500,000 bbl

> 1,500,000 bbl

Default Color

US Bakken Remaining Oil EUR Map
of Active Producing Wells

Symbol Fill Color 
Well Oil Remaining

Between 1 and 250,000 bbl

Between 250,000 and 500,000 bbl

Between 500,000 and 1,000,000 bbl

Between 1,000,000 and 1,500,000 bbl

> 1,500,000 bbl

Default Color

Bakken/Three Forks Play
Well 

Count
Total Gas 
EUR (mcf)

BOE EUR 
(boe)

Remaining Oil 
EUR (bbls)

Total Oil 
EUR (bbls)

11,655 6,828,099,335 5,851,431,950 2,620,462,925 4,674,173,445
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In spite of prolonged low 

oil prices, many operators 

remain active in the Bakken. 

The top 10 operators account 

for 76% of active drilling 

permits. (Source: TGS)

Bakken drilling 

permits have 

yet to show a 

resurgence. 

(Source: TGS)

US Bakken - Top 10 Operators

Active Well Completions, Last 10 Years

Symbol Fill Color Operator

WHITING OIL AND GAS CORP.

HESS BAKKEN INVESTMENTS II LLC

CONTINENTAL RESOURCES INC.

OASIS PETROLEUM NORTH AMERICA LLC

XTO ENERGY INC.

EOG RESOURCES INC.

STATOIL OIL & GAS LP

BURLINGTON RESOURCES OIL & GAS CO. LP

MARATHON OIL CO.

QEP ENERGY CO.

Approved Permits to Drill - Since July 2016

Total Count = 1,048 Permits

Symbol Fill Color Operator

Whiting Oil & Gas Corp.

Continental Resources Inc.

Oasis Petroleum North America LLC

Burlington Resources Oil & Gas Co. LP

Hess Bakken Investments II LLC

Marathon Oil Co.

EOG Resources Inc.

Crecent Point Energy U.S. Corp.

Statoil Oil & Gas LP

Enerplus Resources USA Corp.

Default Color

http://EPmag.com


A s summer heat kicked into full gear, the Trump 

administration and Congress made several pol-

icy decisions and pronouncements during Energy 

Week (June 26 to July 2). The Trump administration 

touted the economic and geopolitical successes of 

the energy revolution committing to global energy 

dominance, which includes continued growth in U.S. 

energy exports; support for pipeline projects such 

as Keystone XL, Dakota Access and new pipelines to 

Mexico; repeal of portions of the Waters of the U.S. 

rule; announcement of a new offshore oil and gas 

five-year leasing program with access to new areas; 

and commitment to nuclear energy. The Senate 

took steps in preparing and moving comprehensive 

energy legislation focusing on technology, innova-

tion, conservation and infrastructure. 

Federal actions
Bureau of Land Management (BLM) methane rule 

court deadlines extended: The U.S. District Court for 

the District of Wyoming delayed briefing deadlines 

in current litigation to halt the Methane and Waste 

Prevention Rule citing “shifting sands surrounding 

the rule.” Opening briefs were originally scheduled 

in early July. The BLM announced plans in late June to 

scrap and rewrite provisions of the rule.

Oral arguments scheduled for BLM hydraulic frac-

turing rule: The 10th U.S. Circuit Court of Appeals 

scheduled oral arguments for July 27 in litigation 

over the fracturing rule. At issue in the appeal is 

the lower court’s ruling that the Interior Department 

does not have authority to regulate fracturing. The 

department sent its proposal for rescinding the rule 

to the White House in late June. 

Environmental Protection Agency (EPA) proposes 

two-year delay for its methane rule: In mid-June EPA 

officials formally proposed to stall implementation 

of parts of the rule for two years while it reconsiders 

the regulation. Days earlier the agency requested a 

90-day stay for portions of the rule. Environmental 

groups have sued the Trump administration over 

the delay.

Congressional oil and gas caucus launched: 

Freshman Rep. Vincente González (D-Texas) formed 

the group to educate lawmakers about the production 

and distribution of oil, gas and other petroleum hydro-

carbons. He intends to advocate the economic benefits 

of “fully harnessing the country’s natural resources.”

State/local actions
Oklahoma

■ The Oklahoma Corporation Commission is 

lauding the success of its protocols to reduce 

the risk of man-made earthquakes due to 

hydraulic fracturing. These protocols include 

shutting down operations for at least six hours if 

an earthquake is detected in the vicinity.

Pennsylvania

■ Governor Tom Wolf’s plan to curb meth-

ane emissions faces delays due to pushback 

from the industry and members of the state’s 

General Assembly. Republican state senators 

have questioned whether the Department of 

Environmental Protection has a legal basis for 

controlling methane. An industry trade group 

has questioned whether methane qualifi es as a 

form of pollution under state law.

Texas

■ The Railroad Commission of Texas received a 

funding increase of 46% from the state’s legis-

lature to assist with the agency’s well-plugging, 

pipeline and well inspection programs. ■

US regulatory overview
Jack Belcher and Beth Everage, HBW Resources LLC

UNCONVENTIONAL REPORT: 

REGULATORY OVERVIEW
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Joan Koka, Argonne National Laboratory

O
il spills can result in billions of dollars in losses, 

and a considerable portion of the cost comes from 

the effort required to clean up these spills. Existing 

methods for cleanup are limited in their utility. None 

are able to capture oil suspended beneath the water sur-

face, and most are nonreusable and unable to reclaim 

the oil that’s lost—factors that bog down response 

efforts and raise overall costs. 

But a new sorbent invented by the U.S. Department 

of Energy’s Argonne National Laboratory overcomes 

these key challenges, offering a promising solution for 

making oil and diesel spill cleanups easier and more 

efficient, which could in turn mitigate overall costs and 

environmental impact.

The sorbent, named Oleo Sponge, is made up of 

strips of polymer foam coated with compounds engi-

neered to be oleophilic, or oil-loving. When exposed to 

oil, Oleo Sponge adsorbs up to 90 times its weight in oil 

from throughout the water column, not just the surface. 

And once saturated the sponge can easily be wrung out 

and the oil recaptured, both ready for use once more.

Compared to traditional methods for oil contain-

ment and cleanup—namely skimming, in situ burning 

and the use of dispersants and disposable sorbents—

the technology presents a number of distinct advantag-

es based on its reusability, sorption performance and 

ability to extract oil in the water column.

Current methods
While able to recover oil, skimming (the process of 

removing oil from the water surface) cannot capture 

oil from the water column. Moreover, the technique 

can only be used under calm sea conditions and when 

oil slicks are sufficiently thick. Meanwhile, in situ burn-

ing, which is the controlled burning of oil at the site of 

a spill, fails to recover any of the oil spilled and emits 

toxic pollutants into the environment. Similarly, disper-

sants (chemicals that break down oil into small droplets 

for faster biodegradation) cannot recapture oil and are 

controversial due to their potential toxicity to human 

and marine life.

By comparison, Oleo Sponge may be a more econom-

ical and efficient option because the sponge can salvage 

the oil trapped below the water surface so that it can 

subsequently be reused, which can mitigate monetary 

losses. In addition, the sponge may be comparatively 

safer than burning because it does not release toxic 

products into the environment.

“Unlike traditional sorbents, no waste is created 

during oil spill cleanup using Oleo Sponge since both 

the oil and the sponge can be reused,” said co-inven-

tor Seth Darling, a scientist with Argonne’s Center for 

Nanoscale Materials and a fellow of the University of 

Chicago’s Institute for Molecular Engineering.

The reusability of Oleo Sponge and its utility in cap-

turing oil beneath the surface also sets it apart from 

other sorbents, most of which have yet to reach wide-

spread commercial application. 

A slick new solution for cleaning up oil  
A reusable sorbent that captures oil in the water column could revolutionize oil and diesel 

spill cleanup.

Oleo Sponge pads were removed from a test apparatus at the 

National Oil Spill Response Research and Renewable Energy Test 

Facility in Leonardo, N.J., in December 2016. While submerged in the 

tank, which holds 2.6 million gallons of saltwater, the Oleo Sponge 

pads successfully recovered oil below the surface, an unprecedented 

feat for oil spill response technologies. (Source: Mark Lopez, Argonne 

National Laboratory)
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Recyclability 
Unlike Oleo Sponge, many existing sorbents are non-

recyclable, and the oil they absorb is nonrecoverable. 

And while most of those reported can sorb various oil-

like substances, they do so generally with comparably 

lower selectivity, capacity and sorption rates.

In tests Oleo Sponge surpassed industry-grade poly-

propylene, the only existing sorbent used at scale, in 

retaining its initial performance following repeated cycles 

of use; Oleo Sponge demonstrated a 97% retention rate 

on average during testing, while polypropylene main-

tained only a 14% retention rate on average. Meanwhile, 

other sorbents like silica aerogels, organoclays and carbo-

naceous materials remain in various stages of R&D.

To develop the sponge, Argonne researchers began 

with strips of polyurethane, a widely manufactured poly-

mer foam found in everything from furniture cushions 

to home insulation. The foam has many tiny holes and 

crevices that provide a large surface area on which oil 

molecules can be captured.

To make the material capable of adsorbing oil, 

researchers fi rst coated it with an inorganic metal 

oxide “primer” using a technique known as sequential 

infi ltration synthesis, which was developed by Darling 

and Argonne chemist Jeff Elam. The technique allows 

scientists to grow inorganic materials within polymers, 

enabling them to build custom-designed materials with 

unique and complex properties. 

The applied layer of oxides serves as a glue to bind 

oleophilic molecules, which are subsequently intro-

duced. The oleophilic molecules function by binding 

the metal oxide on one end and binding oil molecules 

on the other. In a fi nal step, the treated strips are assem-

bled together in porous netting to form a sponge pad.

“Sequential infi ltration synthesis as a technique was a 

result of fundamental research at Argonne, initially devel-

oped to explore new ways to create materials. The fact 

that it serves as the foundation of Oleo Sponge is a beauti-

ful example of how basic research can translate into appli-

cations in unexpected and powerful ways,” Darling said. 

Testing
Testing at Ohmsett, a facility that houses the largest 

North American seawater wave/tow tank, has verifi ed 

Oleo Sponge’s effectiveness at recovering crude oil 

and diesel. At the site researchers exposed the sponge 

to clouds of diesel and crude oil that were interjected 

throughout the water column. Upon exposure the 

sponge successfully extracted both products from the 

entire column and retained performance following 

repeated use.

“We initially developed Oleo Sponge using 1-in. 

cubes on a lab benchtop. However, for the Ohmsett 

tests we had to manufacture 10,000 times the typical 

quantity and subject Oleo Sponge to real-world condi-

tions cleaning up subsurface crude oil from saltwater 

in the winter,” said Elam, who co-invented the sponge. 

“We were extremely happy with the performance of 

Oleo Sponge; it showed virtually no degradation over 

one week of testing.”

Along with applications in oil spill cleanup, Oleo 

Sponge could also be applied in the cleanup of harbors 

and ports where diesel and oil accumulate in smaller 

quantities due to ship traffi c. 

The techniques used to manufacture the sponge also 

can be adapted to clean up other materials besides oil by 

attaching molecules that bind to these specifi c materials.

“We are exploring other applications for our technol-

ogy, including the removal of heavy-metal ions such as 

lead and chromium as well as the cleanup of organic 

pollutants from water,” Elam said.

The team is actively looking to commercialize 

Oleo Sponge and has received signifi cant interest in 

the technology. 

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.

An Oleo Sponge pad is wrung out during testing at the National 

Oil Spill Response Research & Renewable Energy Test Facility in 

Leonardo, N.J. The Oleo Sponge technology is designed to attract 

oil and repel water, and when the Oleo Sponge pads were removed 

from the contaminated water, the ratio of oil to water was roughly 

96% to 4% over a week of testing. (Source: Mark Lopez, Argonne 

National Laboratory)     
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Drilling motor designed to offer better  
torque capability
National Oilwell Varco has released the Series 50 drilling 

motor to the Vector line of high-performance drilling 

motor technologies, the company said. The Vector Series 

50 motor incorporates a next-generation universal joint 

design that features torque-transferring faces and a drive-

shaft that is up to 25% larger in diameter, enabling the 

motor to provide better torque capability and enhanced 

reliability. Combined with flow-through-the-bit technology, 

this allows for maximum drilling efficiency. Additionally, a 

short bit-to-bend bearing pack ensures superior directional 

performance and an oil life equivalent to that of full-length 

assemblies, enabling total depth to be reached without 

issue. The Series 50 drilling motor has been designed to 

achieve higher ROPs, allowing drilling contractors to drill 

a curve and a lateral in a single run. A locking feature pre-

vents the adjustable assembly bend angle from being set 

incorrectly on the rig floor, reducing downtime at the rig. 

The motor is also 35% to 68% more durable than its prede-

cessor, leading to increased life in the field even in challeng-

ing wells with hard, interbedded formations. nov.com

Fracture maps validate completion designs 
on every well 
Reveal Energy Services has commercialized IMAGE Frac 

2.0 pressure-based fracture maps, which validate com-

pletion designs on every well with minimum operational 

risk and cost, a press release stated. IMAGE Frac technol-

ogy is a new approach to mapping hydraulic fractures, 

enabling operators to work with factory-mode consistency 

that increases reservoir contact by confirming whether a 

stimulation treatment is producing the planned fracture 

dimensions. The technology—field-proven in 1,200 stages 

in six U.S. unconventional basins—is based on precise sur-

face pressure data recorded during hydraulic fracturing. 

Work proceeds normally without a downhole tool, down-

time or additional crew. reveal-energy.com

Imaging and borehole inclination service 
improves reservoir insight 
Sperry Drilling, a Halliburton business, has released 

the Radian Azimuthal Gamma Ray and Inclination Ser-

vice, which is a geosteering technology that provides 

real-time high-quality borehole images and continuous 

inclination measurements, a company announcement 

stated. This information helps operators accurately 

place the wellbore in the sweet spot for increased pro-

duction and lower costs per barrel of oil equivalent in 

unconventional plays. The Radian service utilizes four 

highly sensitive gamma-ray detectors arranged evenly 

around the circumference of the tool to generate 

real-time azimuthal images, whether rotating or not, 

for greater reservoir insight. This provides operators 

with enhanced data to assist in real-time geosteering 

decision-making for optimal well placement and better 

reservoir contact, even when drilling with a mud motor. 

The optional inclinometer package continuously moni-

tors the orientation of the well and helps minimize well-

bore tortuosity. halliburton.com 

Software offers enhanced visualization  
performance, presentation capabilities
Emerson Automation Solutions has released the 

latest version of its reservoir characterization and 

modeling software, Roxar RMS 10.1, a press release 

stated. The tool takes collaboration and integration 

between domains a step farther, supporting optimal 

decision-making. RMS 10.1 is also designed to deliver 

greater ease of use and performance for improved 

productivity. The software introduces extended func-

tionalities within the seismic domain, bridging the 

gaps between seismic interpretation and geological 

modeling. The tool also includes powerful displays 

where users can co-visualize, compile and analyze data 

Validate completion designs on every well with minimum risk and 

cost with IMAGE Frac technology. (Source: Reveal Energy Services)

RMS 10.1 offers the highest levels of integration between the 

seismic workflow and decision-making. (Source: Emerson)
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from multiple sources; provides fast access to critical 

information through RMS Data Explorer; and enables 

the advanced presentation of graphical data through 

high-quality hard copy capabilities. emerson.com/roxar

New hydraulic power packs ideal for 
tough applications
High Pressure Equipment Co. (HiP) has released 

an air-operated hydraulic power pack designed to 

provide a rugged self-contained source of hydrau-

lic power, a press release stated. These new power 

packs utilize an air-driven pump to deliver output 

pressures to 65,000 psi and fl ow rates up to 14 gal/

min on the lowest pressure model. Standard power 

packs are designed for plain water or oil applica-

tions. HiP’s power pack contains the pump complete 

with air fi lter, regulator, lubricator, air gauge, on/

off valve, hydraulic pressure gauge and gauge protec-

tive cover, outlet pressure connection block, release 

valve, and interconnecting pipework. The equipment 

is mounted inside a robust steel painted framework 

together with an 8.5-l fl uid tank having fi ller breather 

and strainer. The company’s new power packs are 

designed to meet the demanding needs of today’s off-

shore oil and gas industry. highpressure.com

Sand control technology to increase life of 
water injector wells
Tendeka’s Cascade3 sand control technology elim-

inates the failure mechanisms associated with water 

injection wells, providing operators with improved 

injectivity, recovery and well life, a press release stated. 

Water injection programs can boost oil recovery by 

20% due to a more effective sweep of the reservoir. 

However, they also present challenges such as cross-

fl ow, backfl ow and water hammer, which lead to fi nes 

building up inside the sand screen completion and 

impaired injectivity. Cascade3 is compatible with both 

gravel packs and standalone screens and prevents any 

backfl ow while allowing unrestricted injection. The 

technology also reduces the need for interventions and 

re-drills. tendeka.com

Subsea coupler for remote emergency 
release systems
Trelleborg Sealing Solutions has created a seal that 

would work inside a new product developed by Sub-

sea Technologies Ltd. (STL), a press release stated. 

STL’s 2-in. hydraulically retractable subsea coupler 

assists in creating its XR Connector’s unequalled 

high-angle release capability, which has no maximum 

riser angle limit. The tool was designed to deliver 

radically improved vessel safety, reduce environ-

mental risk and decrease costs by greatly boosting a 

vessel’s operating window. For the full potential and 

functionality of the 2-in. coupler to work, it needed 

a seal to be developed that would work in harmony 

with the coupler, the world’s first of that size, with a 

hydraulically retractable element, the company said. 

Not only does the coupler provide new opportuni-

ties for remote emergency release system designs 

for subsea applications but it also enables people to 

be removed from stab plate engagement functions 

on the surface. By being hydraulically retractable, 

it allows the heavy-duty engagement of equipment 

both on surface and subsea to be separated from the 

comparatively delicate engagement of control system 

interfaces. tss.trelleborg.com 

New 2-D multiclient program reimages 
onshore Mexico leases
Schlumberger and Seitel have announced a strategic 

multiclient alliance to reimage and acquire new geo-

physical data in key areas across onshore Mexico, a press 

release stated. About 25,000 km (15,534 miles) of 2-D 

seismic data from Mexico’s National Hydrocarbons 

Commission (CNH) data library will be reimaged cover-

ing lease blocks in the current Bid Round 2 as well as 

future onshore lease round blocks. In addition, new 

multiclient data acquisition projects are already in devel-

opment. The newly reprocessed seismic data and any 

new acquisition projects will provide subsurface images 

of proven oil and gas reservoirs in the Sabina-Burgos, 

Tampico-Misantla, Veracruz and Sureste areas as well as 

the underexplored Chihuahua province and other stra-

tegic areas. The reimaging program covers both conven-

tional and unconventional onshore lease blocks in the 

areas. slb.com 

Please submit your company’s updates related to new technology 

products and services to Ariana Benavidez at abenavidez@ 

hartenergy.com.
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T
he rush is on at Vaca Muerta. Despite the high costs 
of exploration, the lack of suitable infrastructure in 

western Argentina and political barriers to production, 
companies are beginning to make substantial invest-
ments in one of the world’s largest potential shale plays. 
Chevron, ExxonMobil, Royal Dutch Shell and Total 
have begun making sizable fi nancial investments in the 
sleeping shale giant.  

A study by Ryder Scott estimated that the Vaca 
Muerta Shale holds more than 21 Bboe, and initial 
exploration efforts suggest there may be more than 
927 MMboe in unconventional hydrocarbons. The U.S. 
Energy Information Administration (EIA) estimated 
Argentina’s total shale hydrocarbons might be 30% 
larger than the estimated tight oil reserves in the U.S.

According to state-run YPF, Vaca Muerta covers 
7.4 million acres and has the potential to increase 
Argentina’s hydrocarbon production by 50%, which 
could lead to the country eventually becoming a net 
energy exporter. YPF estimated as many as 50,000 wells 
could be drilled in the area, although, according to 
Rystad Energy, only about 150 wells had been drilled by 
late 2016. 

Replicating North American shale
Vaca Muerta has been compared in composition to 
the Eagle Ford in terms of depth, thickness, pressure 
and mineral composition, according to the EIA. Vaca 

Muerta wells have so far shown lower initial decline rates 
than similar wells in the U.S., and after 90 days of pro-
duction the Vaca Muerta compares favorably in terms of 
volume to similar wells in the Bakken or Delaware Basin, 
according to Rystad. 

In 2016 horizontal wells in the Vaca Muerta initially 
produced about 450 boe/d during their fi rst 90 days, 
while wells in the Delaware Basin produced about 490 
boe/d during the same period, the company reported. 

In 2015 Argentine President Mauricio Macri said he 
wanted the country to make efforts to increase its shale 
production activity, looking to replicate the success 
seen in North American tight oil production. YPF has 
estimated that the Vaca Muerta Field needs about $42 
billion in investments to increase production by 50%. 
Some of those investments are on their way—nearly $4 
billion worth so far this year.

In mid-July TPF SA, Total, Wintershall Energia 
and BP announced a $1.15 billion joint investment 
to increase shale gas production. The investment is 
expected to double the natural gas production to 4.5 
MMcm/d (158 MMcf/d), an increase from the current 
rate of 2.2 MMcm/d (77.6 MMcf/d). Total said the 
company was encouraged to move forward with the 
project after Argentina’s government in January locked 
in a guaranteed gas price of $7.50/MMBtu through 
2020, more than doubling similar U.S. gas contracts. 

“The development will benefi t from the use of exist-
ing facilities, enabling production of shale gas at a very 
competitive cost,” said Arnaud Breuillac, president of 
E&P for Total. “This is one of 10 major projects that 

Argentina makes its play

With vast recovery potential, Vaca Muerta could be the next site in the shale revolution.
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A pumpjack produces oil in the 

Argentine dessert. (Source: Lee 

Torrens, Shutterstock.com)
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[E&P] plans to sanction in 2017-2018, taking advantage 
of the favorable low cost environment, which is now 
approved and will contribute to the group’s production 
growth beyond 2020.”

The joint venture involving Total came a few months 
after Argentina’s Tecpetrol said it would invest $2.3 
billion in Vaca Muerta Shale fi elds through 2019. 
Meanwhile, XTO, ExxonMobil’s shale oil and gas 
operating arm, will have invested $750 million in Vaca 
Muerta and started production in May, Neuquén prov-
ince governor Omar Gutierrez said in April.

One of Vaca Muerta’s largest operators has been 
Chevron through its wholly owned subsidiary Chevron 
Argentina S.R.L. Chevron Argentina is the seventh-larg-
est oil producer in the country, with operations in the 
Neuquén Basin and waterfl ood projects in the El Trapial 
Field. In 2014 Chevron announced agreements to develop 
shale oil and gas at the Loma Campana Field in the Vaca 
Muerta formation. Chevron Argentina holds an 85%-
owned and operated interest in one concession that covers 
94,000 net acres in Vaca Muerta that holds the potential 
for both conventional and unconventional production. 

YPF CEO Miguel Galuccio said at an industry confer-
ence in Uruguay that the Loma Camapana Field is pro-
ducing about 45 Mbbl/d, which accounts for nearly all 
of Argentina’s shale production.

Infrastructure constraints 
Although Vaca Muerta is seeing interest in investments 
increase, particularly this year, barriers to a full-scale 
production frenzy such as has been seen in the Permian 
Basin remain signifi cant for operators. For one, Vaca 
Muerta is located in a remote region of Argentina—the 
Nequén Basin is more than 1,126 km (700 miles) from 
Buenos Aires and 563.7 km (350 miles) from Puerto 
Rosales. The 321.8-km (200-mile) Route 7, the main 
road in and out of the Neuquén, has one lane each way. 

Galuccio said the high cost of drilling and completing 
a well—about $11 million—isn’t economical at sub-$50 
oil. YPF drilled its wells with the expectation that they 
would be profi table at $84/bbl and with wells that cost 
between $6.5 million and $7 million.

In addition, large quantities of proppant have yet to 
be found locally, and equipment such as drilling rigs, 
pipeline and valves must be imported together from two 
to three hours away. Argentina also implements a special 
tax on imported equipment, which results in equipment 
costs running 20% to 30% higher than in the U.S. The 
region doesn’t offer any pipeline or railways, and all 
water must be trucked to production sites. These high 
costs have forced companies like Oxy, Pioneer, EOG 

Resources, Apache Corp. and Medanito to sell off their 
Vaca Muerta assets, primarily to YPF, according to Rystad.

Political challenges
In addition to high costs, operators in the past had to 
deal with challenging labor demands. Until January, 
when the country’s labor union relaxed its rules, opera-
tors often were forced to employ more workers on a rig 
than were needed. 
The government allowed a 15-year export tax on oil to 
lapse this year, which helps improve fi nancial prospects.

Although the Argentine government is keen on 
ramping up production and attracting interests from 
global operators, only two of Vaca Muerta’s 19 awarded 
concessions have begun producing. Energy research 
and consulting fi rm Stratas Advisors reported that for 
production to ramp up in the Vaca Muerta in the long 
term—beyond 2020—several conditions need to be 
met, including high investor confi dence in the stability 
of Argentina’s long-term policies, signifi cant cost reduc-
tions, infrastructure improvements and the recovery of 
oil prices. 

Still, with the vast recovery potential at Vaca Muerta, 
it could eventually out-produce U.S. shale produc-
tion, said Shu Feng, director of upstream at Stratas 
Advisors.

“In the long-term, [Argentina] is likely to replicate 
U.S. shale success in Vaca Muerta, but it’s going to take 
the [Argentine] government to build a strong, stable 
geopolitical environment,” Feng said. 
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A beam pump operates in an oil fi eld in Patagonia, Argentina. 

(Source: Lalito, Shutterstock.com)
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A
fter the discovery of commercially viable reserves 

in the Vaca Muerta formation, the Argentinian 

shale play rapidly gained global attention as a robust, 

profi table and unconventional target. Billions of dol-

lars worth of investments have been devoted to make 

Vaca Muerta unconventional oil and gas resources 

recovery a success. Well production performance is 

comparable with profi table shale plays in North Amer-

ica. However, operators are continuously looking to 

reduce well costs.

To maximize return on investment (ROI) per well, 

operators have shifted to apply horizontal drilling 

technologies and techniques mainly seen in U.S. shale 

basins to accelerate learning curves in drilling, produc-

tion and logistics. With signifi cantly higher potential 

profi ts on horizontal wells in relation to vertical wells, 

drilling projections have changed from vertical wells 

to horizontal extended-reach wells to increase fi eld 

recovery percentages and, consequently, to increase 

the ROI.

A crucial step in completing the wells in Vaca 

Muerta prior to production is rigless operations per-

formed by coiled tubing (CT) units. As most wells 

are hydraulically fractured in Vaca Muerta through 

plugging and perforation, CT has become an integral 

component to reduce cost and time relative to the use 

of full-scale workover rigs. Its utilization has gradually 

evolved, with the cooperation between operators, ser-

vice companies and manufacturers to increase suitabil-

ity, reliability and predictability.

Vaca Muerta operators and service companies have 

embraced smarter CT technologies to pursue engi-

neered, fi t-for-purpose CT string designs that can satisfy 

the extended capabilities required by the new well 

designs and drilling projections. 

Argentina ripe for technology transfer

Advancements in CT manufacturing help overcome Vaca Muerta shale challenges.
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This graph depicts how Global Tubing’s SMARTaper CT string design lateral reach in the Vaca Muerta has increased since 2014. 

(Source: Global Tubing)

VACA MUERTA CT STRING DESIGN AND LATERAL REACH PROGRESSION
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Limited by CT design boundaries 
Vaca Muerta unconventional wells pose numerous 

challenges for CT operations. The high reservoir pres-

sure leads to high operating pressures during post-frac-

turing plug millouts and cleanout jobs, which increase 

operational risks and diminish CT service life. Addi-

tionally, most wells have tortuous laterals with high 

degrees of inclination that exacerbate CT dragging 

and early lockup.

To address challenges faced in developing horizontal 

completions, many elements of the CT operation for both 

surface and downhole equipment and operational prac-

tices have progressed throughout the years to accommo-

date increased fl uid volumes, higher circulating pressures, 

greater axial loads and improved lateral accessibility. 

However, the importance of CT string design was 

overlooked, hindering the progress 

of drilling projections for increased 

lateral lengths. Up to late 2014 

2-in. CT with conventional step-

taper confi gurations and 90,000-psi 

grade materials were used to com-

plete horizontal wells, which had 

up to 1,300-m (4,300-ft) laterals. 

However, as the projected well later-

als increased, the CT encountered 

setbacks during operations such 

as being unable to reach targeted 

depths, provide suffi cient weight-

on-bit (WOB) to millout all plugs 

in the well and produce proper 

annular velocities for well cleaning. 

These simple CT designs also were 

unable to cope with the high working pressures seen 

during operations, which caused early retirement of 

the string because of excessive ballooning and rapid 

fatigue accumulation.

CT engineered solution
To overcome Vaca Muerta unconventional shale 

challenges faced by inadequate CT designs, technol-

ogy advancements in the CT manufacturing industry 

enabled design improvements in the CT string to max-

imize the utilization of CT equipment available in the 

area. The tubing string makeup was engineered and 

optimized for the present well conditions while main-

taining CT equipment design constraints. 

By using proprietary technology such as SMARTaper, 

the CT design engineers can strategically place specifi c 

wall thicknesses to add strength to the CT where it is 

needed most. This technology allows rapid transitions 

between wall sections to minimize tubing weight in the 

horizontal section and increase stiffness in the vertical 

to avoid the onset of CT buckling inside the wells.

The evolution of the CT string design employed to 

complete Vaca Muerta unconventional wells has pro-

gressed considerably during the last three years:

• Taper confi guration: The strings’ makeup has pro-

gressed from conventional Step Taper skelps to 

multitaper Continuous Taper and SMARTaper con-

fi gurations, with rapid wall transitions that feature 

hourglass profi les;

• Outer diameter: The CT size increased from 2 in. to 

2.375 in. to improve cleaning effi ciencies, WOB and 

lateral reach; 

• Wall thicknesses: The maximum wall thickness 

employed in the CT strings designs increased from 

0.19 in. to up to .25 in. wall sections to 

optimize stiffness of the CT in the well;

• Steel grade: The CT grade had 

increased from 90,000 psi to up to 

130,000 psi to expand the utilization 

of the CT string to high-pressure 

environments and bestow it with 

greater resistance to deformation 

and low-cycle fatigue; and 

• Lengths: As the well laterals 

increased, the CT string lengths 

have been extended from 5,200 m 

(17,000 ft) to 6,400 m (21,000 ft).

With the utilization of custom-

engineered CT string designs, 

operators were able to increase 

well laterals lengths by up to 150% 

during the last three years. 

The latest technological advancement in the CT 

manufacturing industry is quench-and-tempered CT 

such as DURACOIL, which is used in Vaca Muerta. This 

technology uses inline induction heating and precision 

slot-quench HALO Induction Technology to produce 

consistent microstructure through the string length, 

adding life, abrasion and corrosion resistance compared 

to conventional coiled tubing grades.

Currently, 2.375-in. quench-and-tempered CT strings 

in 110 and 130 grades are being used to complete wells 

of up 3,200-m (10,500-ft) laterals, tackling the ambitious 

objectives set by the operators.

With operators continually seeking to improve and 

extend the boundaries of well completion technology, 

CT manufacturers like Global Tubing will continue to 

provide engineering and technologies that will expand 

the horizons for Vaca Muerta development. 

By using proprietary 
technology such as 
SMARTaper, the CT 

design engineers can 
strategically place 

specific wall 
thicknesses to add 

strength to the 
CT where it is 
needed most.

REGIONAL REPORT: 

ARGENTINA

http://EPmag.com


September 2017   |   EPmag.com102

The acceleration of unconventional develop-

ment in Argentina was punctuated earlier this 

year as several large international energy compa-

nies confirmed investments that will combine for 

$6 billion to $8 billion.

As more operators and service companies 

focus their efforts on the massive Vaca Muerta 

Shale play in Argentina’s Neuquén Basin, the 

introduction of new technology and completion 

capabilities also continues to accelerate. Miguel 

Gutierrez, CEO of Argentina’s state-run oil com-

pany YPF, discussed improvements regarding the 

profitability of hydrocarbon extraction in March 

during the CERAWeek energy conference in 

Houston. According to Gutierrez, the cost to drill 

a horizontal well has been reduced from $17 mil-

lion to $8 million per well, and the time to com-

plete a new well has dropped from 40 to 15 days.

Packers Plus has been at the forefront of pushing 

completion capability boundaries in Argentina 

since its first system was run in the country. The 

initial StackFRAC multistage completion systems 

run in Argentina targeted the Sierras Blancas 

Formation nearly 10 years ago. The wells were 

completed in several hours, well below the sever-

al days it typically took to complete a well.

These five-stage ball-activated systems stim-

ulated the wells using a continuous pumping 

operation. The costs saved from time reduction 

alone were as much as $500,000 per completion. 

The operator of these wells also experimented 

with higher proppant loading and placed more 

than 500,000 lb of proppant in one of the wells. 

The increased proppant was three times the max-

imum amount ever placed in a horizontal well 

in the field at the time. The resulting production 

from the wells was, on average, four times higher 

than offset wells. One of the wells became the 

highest gas producer in the field.

Since those early wells the company has been 

involved in several early-stage unconventional 

projects in Argentina that set new standards 

for completion efficiency. In 2016 a seven-stage 

StackFRAC HD system was run in the Loma La 

Lata Field that was stimulated in just over seven 

hours. A typical plug-and-perf operation in the 

region of similar stage count, when everything 

goes smoothly, would take about 220 hours.

In addition to the focus on completion effi-

ciency, operators in Argentina are looking to 

drill longer horizontal wells and add more 

stages along the lateral. 

Earlier this year an operator installed and com-

pleted a 10-stage StackFRAC HD system in the 

province of Santa Cruz. Although nearby wells—

all vertical—require several weeks to stimulate, 

this 10-stage completion was done in 11 hours 

of pumping time over two days. This completion 

also set several benchmarks in Santa Cruz and 

the Campo Indio Field, including:
■ The fi rst horizontal well ever drilled in 

the fi eld;
■ The fi rst well completed with ball-activated 

technology; and 
■ The highest stage count using a liner hanger 

packer in Argentina.

Packers Plus also has released the ePLUS 

Retina Monitoring System in Argentina. This 

system verifies surface and downhole events 

independent of traditional monitoring without 

interfering with concurrent operations. The real-

time monitoring capabilities enable immediate 

operational adjustments to ensure a success-

ful stimulation, which will become even more 

important as completion systems in Argentina 

continue to progress. 

Later this year the company is planning to 

run a 31-stage StackFRAC HD system as well 

as introduce the TREX Limited Entry Cemented 

System in Argentina. The planned TREX system 

completion has been programmed with 27 stag-

es using multiple ball-activated QuickPORT IV 

sleeves in each stage for more than 100 sleeves 

in the well.

With a renewed focus from several operators 

and increased infrastructure, this step forward 

from the completion of the early horizontal wells 

less than 10 years ago could be just the begin-

ning of a series of milestones in development of 

the vast resources of the Vaca Muerta play. ■

Going unconventional in Argentina

Federico Silva, Packers Plus Energy Services
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international
HIGHLIGHTS

1 US

A Niobrara discovery in the Powder 

River Basin was tested flowing 1.185 

Mbbl of oil, 114 Mcm (4.048 MMcf) of 

gas and 925 bbl of water per day. Chesa-

peake Operating Inc.’s #6H Fetter NW 

15-33-71 A is within the Northwest Fet-

ter (Deep) Unit in Section 15-33n-71w 

in Converse County, Wyo. It was drilled 

to 5,408 m (17,746 ft), 3,414 m (11,200 

ft) true vertical, and production is from 

a Niobrara interval at 3,509 m (11,513 

ft) to 5,367 m (17,607 ft). The lateral 

extends from 2,727 m (8,946 ft) to the 

southeast and bottomed in Section 

22-33n-71w. It was tested on a 32⁄64-in. 

choke after 48-stage fracturing. 

2 Mexico

Eni has drilled and tested shallow-water 

well #3-Amoca in Mexico’s Campeche 

Bay. According to the company, there 

are multiple significant oil levels in 

Orca and Cinco Presidentes. The well is 

in Contractual Area 1 and was drilled to 

4,330 m (14,206 ft). It hit 410 m (1,345 

ft) of net oil pay in several high-qual-

ity Pliocene reservoir sandstones—300 

m (984 ft) were found in the deeper 

sequence of Cinco Presidentes in var-

ious cluster levels of Pliocenic age with 

good reservoir characteristics. During 

a test of Cinco Presidentes, the well 

flowed 6 Mbbl of 25-degree-gravity 

crude per day. The #3-Amoca has been 

temporarily suspended; the drilling 

campaign will continue with the first 

appraisal of the Mizton discovery and 

additional appraisal wells are planned. 

With the results of #3-Amoca, Eni’s 

resource estimate of the field is 1 Bboe 

in place, and the Area 1 total estimated 

resource base is 1.3 Bbbl of oil in place 

(90% oil).

3 Brazil

Alvopetro Energy has spudded explo-

ration well #177(A1) in onshore Bra-

zil’s Reconcavo Basin in Block 177. 

The company’s well is targeting a shal-

low oil prospect in Agua Grande and 

Sergi as part of Cabure Field at wells 

#197(2) and #198(A1). According to 

Alvopetro, the area includes both of 

these wells but does not extend to the 

#197-1 discovery, a tight gas resource. 

Alvopetro is the operator of Block 

REC-T-177 with 100% interest.

4 Senegal

Testing results were announced by 

Cairn Energy from offshore Senegal 

well #1-FAN South in the South Fan 

prospect. The well hit a Lower Cre-

taceous hydrocarbon-bearing reser-

voir. Preliminary analysis indicates 

31-degree-gravity oil. Additional test-

ing is planned to establish the poten-

tial commerciality of the resource 

in the Sangomar Deep Block. It was 

drilled in 2,175 m (7,136 ft) of water 

to 5,343 m (17,529.5 ft) and was tar-

geting an Upper Cretaceous stacked

multilayer channelized turbidite fan 

prospect and a Lower Cretaceous base 

of slope turbidite fan prospect, similar 

to #1-FAN. The #1-FAN South is being 

plugged and abandoned, and the rig 

is moving to work at the SNE North 

exploration prospect, the most north-

erly location to be tested. The SNE 

North prospect is targeting a prospec-

tive volume of more than 80 MMbbl 

of total resource in multiple objectives. 

5 Morocco

Sound Energy Plc completed testing 

at #1-Koba at Sidi Moktar in Morocco. 

The company reentered and com-

pleted the well in an Argovian reservoir. 

A 5-m (16-ft) interval was perforated at 

1,406 m (4,613 ft) and confirmed gas 

accumulation. An extended well test 

is planned. The venture was drilled at 

the crest of the previous discovery at 

Kechoula. According to Sound Energy, 

the Sidi Moktar licenses also contain 

significant presalt potential, and a pre-

vious assessment indicated a potential 

of up to 254 Bcm (9 Tcf) of unrisked 

gas in Sidi Moktar licenses. Additional 

2-D seismic testing and surveying is 

planned for the licenses.

6 Norway

Lundin Petroleum AB reported the 

drilling and production testing of 

Alta appraisal well #7220/11-4 (#4-

Alta) located in PL609 in the south-

ern Barents Sea. The appraisal well 

encountered a gross hydrocarbon 

column of 48 m (157 ft) comprising 

4 m (13 ft) of gas and 44 m (144 ft) of 

oil in a sequence of Permian-Triassic 

clastic carbonate sediments. Pressure 

data show the same fluid contacts and 

gradients as observed in previous wells 

drilled on the Alta discovery, confirm-

ing good communication across the 

large Alta structure. A production test 

flowed 6.05 Mbbl/d of oil with low- 

pressure drawdown, which was con-

strained by rig testing facilities. A geo-

logical sidetrack will be drilled about 

900 m (2,953 ft) north of #4-Alta. 

7 India

Oil India Ltd. announced two hydro-

carbon discoveries in the Moran 

Petroleum Mining Lease in India’s 

Upper Assam Basin. The #1-Bor-

bhuibil encountered multiple sands 

in Barail, Lakadong and Therria.

During testing the well encountered 

a 15-m (49-ft) Barail Sand interval at 

3,322 m (10,899 ft), and it produced 

27.9 Mcm/d (988 Mcf/d) of gas. A 

10-m (33-ft) interval of Lakadong and

Therria Sand was discovered at 4,300 

m (14,108-ft), and it produced 3.531 

Mbbl/d of oil. At #1- Lakwagaon, the 

company reported a gross column 

of 30 m (98 ft) of oil sand in Barail, 

which has produced 264 bbl/d of oil 

on initial testing. According to the 

company, the well is on production. 
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8 Indonesia

Operator of offshore Indonesia’s 

Duyung PSC block in the Natuna 

Basin Conrad Petroleum reported 

that the #1-Mako South well was 

tested on a 128⁄64-in. choke fl owing 

308 Mcm/d (10.9 MMcf/d) of gas 

during a drillstem test. The fl owing 

pressure was 225 psi, and the gas 

is pure methane with no hydro-

gen sulfi de or CO
2
. It is shut in for 

buildup. According to the com-

pany, the planned total depth was 

1,707 m (5,600 ft) and is produc-

ing from Intra Muda Sands in the 

Mako Field. 

9 Australia

In Western Australia’s Perth Basin 

operator AWE Ltd. announced that 

wireline log and pressure data from 

appraisal well #3-Waitsia confi rmed 

the southern extension of the Wait-

sia Field by encountering gas shows 

across a 150-m (492-ft) gross interval 

including the Kingia and High Cliff 

sandstone reservoir targets. The well 

was drilled to 3,612 m (11,850 ft), 

and gas shows were encountered 

in Kingia and High Cliff Sandstone 

intervals as well as minor shows 

in the Irwin River Coal Measures. 

Three sections of core were cut in 

Kingia reservoir, and the well has 

been cased and suspended for future 

testing and production. The gross 

Kingia reservoir interval of 52 m 

(171 ft) contains 20 m (66 ft) of net 

gas pay with good reservoir quality.

The partners in permit area L1/L2 

are AWE and Origin Energy. 

10 Australia

Santos Ltd. has announced results 

from the two-well appraisal drilling 

campaign in the Bonaparte Basin in 

Barossa Field. Logging and pressure 

data from the offshore Northern Ter-

ritory, Australia, wells, #5-Barossa and 

#6-Barossa, confirm the primary 

Elang reservoir section is gas-satu-

rated and in pressure communica-

tion with previous wells drilled in 

permit area NT/RL5. According to 

the company, the Elang reservoir 

interval in #6-Barossa is similar to the 

reservoir penetrated at offset 

#3-Barossa, which is about 4.3 km 

(2.6 miles) to the east. Gas and con-

densate fl ow at #6-Barossa was pro-

duced from an interval between 

4,103 m and 4,144 m (13,461 ft and 

13,595 ft), fl owing 1.8 MMcm/d (65 

MMcf/d) during testing on a 68⁄64-in. 

choke. The fl ow-constrained conden-

sate-gas ratio was 7 bbl/MMcf. 
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PEOPLE

Saeid Rahimian has joined Aereon 

as CEO.

Enphase Energy Inc.’s Paul Nahi 

stepped down as president and CEO 

in August. The board of directors has 

begun a search for a replacement. 

In addition, the company recently 

named Venkata Mukundarajan its 

strategic account manager for India. 

HydraWell selected Mark 

Sørheim as its new CEO. 

Aminex named Aaron LeBlanc COO 

and Brian Cassidy head of legal.

Pin Oak Holdings LLC has hired 

Chris Robbins as CFO and Taylor 

Cook as vice president of sales 

and marketing.

EQT Corp. appointed Jeremiah J. 

Ashcroft III senior vice president 

and president of midstream. Ash-

croft was also appointed senior vice 

president and COO for EQT Mid-

stream Partners LP and will join 

the EQM board of directors. Ash-

croft replaces Lisa Hyland, whose 

intent to retire was announced in 

March but will remain senior vice 

president of special projects for 

EQT through March 2018.

Enrico Salardi  was selected 

as decommissioning direc-

tor to lead Xodus Group’s 

decommissioning division. 

MPLX LP’s C. Corwin “Cory” 

Bromley, executive vice president 

and general counsel, has elected 

to retire, effective Jan. 1, 2018.

Santos named Philip Byrne exec-

utive vice president marketing 

and trading.

The Wm. Powell 

Co. has pro-

moted Mathew 

Reverman (left) 

to director of engineering and 

Kyle Mills (right) to Mid-Atlantic 

regional sales manager. 

Aqualis Offshore is setting up a 

presence in the Netherlands and has 

hired Jasper Bergsma as its head of 

business development in the country.

RISC Advisory welcomed Geoff 

Salter back to the London office 

to support reservoir engineering, 

technical peer review and busi-

ness development.

Seeq Corp. has hired five new 

employees: Todd Amy, sales exec-

utive in Houston; Jennifer Bentzel, 

director of marketing in Pennsylva-

nia; Cody Ray Hoeft, software devel-

oper in Oregon; Michael Talmadge, 

analytics engineer in Houston; and 

Joanna Zinsli, analytics engineer in 

the San Francisco Bay area.

Alembic Global Advisors named 

Jeff Anderson managing director 

for the Northeast region and Rick 

Kneiser director of equity sales.

Subsea equipment specialist 

Ashtead Technology appointed 

Scott Stephen as its new non- 

destructive testing sales manager.

Archrock Inc. named Stephanie C. 

Hildebrandt senior vice president, 

general counsel and secretary.

Stress Engineering Ser-

vices Inc. appointed Brian 

Weaver sales manager.

Hunting Energy Services 

selected Ståle Granberg as 

its new business develop-

ment manager for Norway. 

Prodrill Energy Resource 

Solutions named Kerri Imray 

senior resource specialist. 

Altai Resources Inc. elected Dr. 

Niyazi Kacira, Dr. Didier Pomer-

leau, Dr. Mehmet F. Taner, Jeffrey 

S. Ackert and Raymond Savoie as 

directors of the company.

Sharmila Mulligan, founder and 

CEO of ClearStory Data, has been 

appointed to the ConocoPhillips 

board of directors.

Energen Corp. elected Lori A. 

Lancaster to the company’s board 

of directors.

Paragon Offshore Ltd. named a 

new board of directors: Mark G. 

Barberio, Michael Clark, Paul P. 

Huffard IV, George Sandison and 

Zaki Selim. In addition, James 

Swent will serve as chairman. 

Oil States International Inc. elected 

Robert “Bob” L. Potter as a mem-

ber of its board of directors. Pot-

ter’s term will expire in May 2019.

COMPANIES

Baker Hughes, a GE company 

(BHGE), opened its new Inspec-

tion Technology Customer Solu-

tion Center in July in Cincinnati. 

It is BHGE’s largest facility for 

inspection technologies in the 

world. The new facility will serve as 

a testbed and proving ground for 

advanced inspection technologies 

and validation of new equipment 

across the oil and gas value chain.

TEMS International has been estab-

lished in Aberdeen. The drilling 

fluid systems specialist business will 

offer operators a comprehensive 

range of services that optimize the 

performance of drilling systems.
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Paragon Offshore completed its 
restructuring plan and emerged from 
Chapter 11 bankruptcy in July. 

Schlumberger announced July 20 
an agreement to acquire a majority 
(51%) equity interest in Eurasia Drill-

ing Co. Ltd.

Yokogawa Electric Corp. has 
acquired TechInvent2 AS.

RigNet Inc. has acquired substantially 
all of the assets of Data Technology 

Solutions, a private company that pro-
vides comprehensive communications 
and IT services to the onshore, off-
shore and maritime industries.

Weir Oil & Gas has completed the 
acquisition of KOP Surface Prod-

ucts for $114 million in a move that 
strengthens its global reach with a 
particular emphasis on the Asia- 
Pacific region.

Penn Virginia Corp. has entered 
into a definitive agreement to 
acquire Eagle Ford assets located 
primarily in Lavaca County, Texas, 
for $205 million in cash from Devon 

Energy Corp.

Tesoro Corp. and Tesoro Logis-

tics LP changed their names to 
Andeavor and Andeavor Logistics  

LP Aug. 1.

Letton Hall Group, an international 
oil and gas measurement technology 
firm, is adding midstream services to 
its portfolio.

OFS Portal announced that Total 

Safety U.S. Inc. has joined the orga-
nization as a supplier member. 

Honeywell has completed its acquisi-
tion of Nextnine Ltd., a privately 
held provider of industrial cyberse-
curity solutions.
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WORD

Chris Welsh, OFS Portal

A
s an industry, we began talking about the digital 
oil field more than 20 years ago. Back then we 

envisioned that the field of the future would make pro-
duction significantly more efficient and ultimately more 
profitable. Even though the oil field is still not 100% 
digital, the digitalization of the industry continues to 
increase at a breakneck pace.

When digital oilfield dialogs began, it was concep-
tualized in a thoughtful, holistic manner. Processes, 
standards and safety measures were at the forefront 
of these discussions. However, in the rush to put 
infinite information at our fingertips in the least 
amount of time using various applications, standards 
and security measures may have taken a back seat to 
potential profits. 

In the last two years the acceptance of applica-
tion-to-application integration on cloud platforms 
has accelerated the capability to access massive 
amounts of information owned by a multitude of 
companies. From seismic acquisition companies to 
operators to service companies to third-party net-
works, the amount of data is unquantifiable. We are 
now amassing vast quantities of data from numerous 
sources and disparate data silos, including enter-
prise resource planning, into massive repositories 
known as data lakes, which often reside in the cloud 
and are accessible by multiple applications, many of 
them mobile. 

The capabilities of Big Data, artificial intelligence 
analytics and infinite computing capacity allow us 
to use data in ways that up to now were impossible. 
Companies can tap into these data lakes, mine the 
data and find actionable intelligence never before real-
ized through this holistic view of the digital oil field. 
Benefits such as process efficiencies, integrated main-
tenance schedules and logistics management are being 
realized. We are solving problems because of processed 
untold amounts of data with virtually unrestricted 
resources. The gold is certainly in the lakes—if we can 
find it is the premise. 

However, the rush to digitalization also carries risks. 
An organization’s data that are accessible from any appli-
cation linked to trusted applications through an appli-
cation programming interface (API), potentially from a 
mobile application or, worse, uncontrolled linked appli-
cations, could effectively open trusted data to the world. 
Is the trade-off of access and analysis vs. data security and 
protection worth the gold?

The lack of proper API and cloud integration con-
trols in place before the data lake is opened for use can 
put the organization’s key data on the internet for all 
to mine. The prize is definitely there, and the digital oil 
field envisioned 20 years ago is becoming a reality, but 
at what risk?

According to Forbes, this industry spends almost  
$2 billion annually on cybersecurity, yet hacking is at 
an all-time high and growing. The upside of digitali-
zation is a faster and more efficient process; however, 
the downside is the pooling of massive amounts of 
data in data lakes that can potentially be accessed by 
multiple applications by an unknown amount of peo-
ple. A recent report by ICS-CERT found that, of the 
295 breaches reported in 2015, 98% could have been 
prevented if certain basic security protocols had been 
in place.

We do not want to stop the digitalization train we are 
riding, but we can take a step back. Just as we thought-
fully conceptualized a digital oil field, we must consider 
ways to mitigate risk and instill proper controls to 
ensure safety, not just for individual companies but for 
the industry as a whole. We need to look to indepen-
dent standards organizations with strong anti-trust poli-
cies in place so that competitors can come together to 
develop cross-industry solutions to help solve the indus-
try’s growing access and control issues and help build 
security and access controls into the design of the data 
lakes before launching or granting access. The speed at 
which data are being amassed is only increasing, and 
those that do not have a risk mitigation plan for data 
misuse or have not put the proper access controls on 
API integration could find the gold in the lake too easi-
ly accessible by others and their prized data stolen from 
under their noses. 

Is digitalization making the industry’s 
most valuable data vulnerable?
Without a risk mitigation plan, data could be too easily accessible by others.
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