
Unconventional 
Report:  

CANADA

J U L Y  2 0 1 8

Emerging Shale Plays

Drillbit Advances

Hydraulic Fracturing

Production 
Optimization

FPSO Advances

SPECIAL SECTION:
Shale Technology 
Showcase

E P M A G . C O M

Longer laterals drive demand higher

http://epmag.com


http://bhge.com/autotraktruth


EXPLORATION & PRODUCTION 

W O R L D W I D E  C O V E R A G E

JULY 2018
VOLUME 91    I SSUE  07

A HART ENERGY PUBLICATION www.EPmag.com

CUTTING EDGE TECHNOLOGY TO

MEASURE FRACTURING PERFORMANCE
85

SPONSORED CONTENT

COVER STORY: SHALE TECHNOLOGIESSPECIAL SECTION: 
SHALE TECHNOLOGY SHOWCASE

46 E&P highlights some of the latest products 

and technologies for shale and how they 

will benefit companies. 

EMERGING SHALE PLAYS

70 Industry and academia collaborate on 

Vaca Muerta project 

74 Chasing shales in Mexico

DRILLBIT ADVANCES  

76 Customized cutters key to bit 

performance advances

78 Backup cutter provides increased footage 

and ROP

80 Controlling drillbit efficiencies at the rock face

HYDRAULIC FRACTURING 

82 Understanding fracture networks

86 Improving zonal isolations when refracturing

PRODUCTION OPTIMIZATION 

90 Getting data to market

94 Improving production through enhanced 

flowback programs

98 Downhole data accessibility

FPSO ADVANCES 

102 FPSO sector gains strength

106 FPSO experts achieve progress 

through cooperation

10
WORLD VIEW   

Making barrels in Midland

8
INDUSTRY PULSE

Safety is job one

24
DIGITAL SOLUTIONS   

Field life extension 
through digitalization110

UNCONVENTIONAL REPORT: 

CANADA 

Got shale? Got shale? 

28

Higher horsepower rig making 

waves in the Delaware Basin
30

Engineering a new 

pumping approach
32

Examining the water challenge36

Bustin’ dust40
Raising the bar on 

refracture modeling
42

Collet-activated sleeve meets 

demand challenges
44

112
MEA Photos:   

The 2018 Meritorious 
Awards for 
Engineering 
Innovation Winners

The 2018 Meritorious 

https://www.epmag.com/


http://slicfrac.com


http://slicfrac.com


E&P (ISSN 1527-4063) (PM40036185) is published monthly by Hart Energy Publishing, LP, 1616 S. Voss Road, Suite 1000, Houston, Texas 77057. 
Periodicals postage paid at Houston, TX, and additional mailing offices. Subscription rates: 1 year (12 issues), US $149; 2 years (24 issues), US $279. 
Single copies are US $18 (prepayment required). Advertising rates furnished upon request. POSTMASTER: Send address changes to E&P, P.O. Box 3001, 

Northbrook, IL 60065-9977. Address all non-subscriber correspondence to E&P, 1616 S. Voss Road, Suite 1000, Houston, Texas 77057; Telephone: 
713-260-6442 All subscriber inquiries should be addressed to E&P, 1616 S. Voss Road, Suite 1000, Houston, TX 77057; Telephone: 713-260-6442
Fax: 713-840-1449; custserv@hartenergy.com. Copyright © Hart Energy Publishing, LP, 2018. Hart Energy Publishing, LP reserves all rights to editorial 
matter in this magazine. No article may be reproduced or transmitted in whole or in parts by any means without written permission of the publisher, 
excepting that permission to photocopy is granted to users registered with Copyright Clearance Center/0164-8322/91 $3/$2. Indexed by Applied Science, 
Technology Index and Engineering Index Inc. Federal copyright law prohibits unauthorized reproduction by any means and imposes fines of up to $25,000 
for violations.

DEPARTMENTS AND COMMENTARY

ABOUT THE COVER A floorhand for AKITA Drilling’s Rig #90 inspects 

the top drive while tripping pipe in southeastern New Mexico. Left, 

improved well designs are leading to savings of about $500 million for 

Cenovus at its Christina Lake project. (Cover photo by Jennifer Presley; 

Left photo courtesy of Cenovus; Cover design by Felicia Hammons)   

AS I SEE IT 

UN weighs in on shale gas   7

MARKET INTELLIGENCE

War of the worlds 14

EXPLORATION TECHNOLOGIES 

Old-fashioned detective work 17

DRILLING TECHNOLOGIES 

Big lift, bigger reward 19

COMPLETIONS & PRODUCTION

Opportunity in the Atlantic 21

OFFSHORE ADVANCES

Mexico achieves unprecedented development 23

OFFSHORE SOLUTIONS

An uncommon approach to offshore interventions 64

OPERATOR SOLUTIONS

Bridging the disconnect to optimize well performance 68

TECH WATCH 

Analytics in the digital oil field 116

TECH TRENDS 120

INTERNATIONAL HIGHLIGHTS 124

ON THE MOVE/INDEX TO ADVERTISERS 126-127

LAST WORD 

The Big Data conundrum 128

COMING NEXT MONTH The August issue of E&P will focus on mature assets. Other 

features will cover geomechanics, multilaterals/extended-reach drilling, proppant logistics, 

artificial lift and remote/unmanned well operations. The unconventional report will focus 

on the Alaska North Slope. As always, while you’re waiting for your next copy of E&P, be 

sure to visit EPMag.com for the latest news, industry updates and unique industry analysis.

mailto:custserv@hartenergy.com
https://www.epmag.com/
mailto:dwest@hartenergy.com


ONLINE CONTENT  JULY 2018 

ACTIVITY HIGHLIGHTS Subscribe at EPmag.com/subscribe

Ultra Petroleum updates results for Lance producer with  
3.2-km-long lateral
Ultra Petroleum Corp. updated completion information on its Lance 

producer with a 3.2-km-long (2-mile) lateral, #9-23-A-1H Warbonnet. The 

Pinedale Anticline well in Sublette County, Wyo., has been completed with 

a 24-hour initial potential rate of 1.4 MMcm/d (51 MMcf/d).

Melbana receives approval to drill onshore Cuba well    
Melbana Energy Ltd. has received approval to drill the #1-Alameda well  

in onshore Cuba’s Block 9 production sharing contract. Block 9 is on the 

north coast of Cuba and has a proven hydrocarbon system with multiple 

producing fields including Majaguillar, San Anton and the Varadero oil 

field, which lies farther west.

Long-lateral Marcellus completion announced by EQT       
EQT Corp. completed a Marcellus Shale well, #593745 Haywood, in 

Washington County, Pa. According to the company, it is the longest 

lateral completed to date by any Marcellus operator. 
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Tracking sand: miners talk Permian 
proppant

By Velda Addison, Senior Editor,  
Digital News Group 

Frack sand suppliers are racing to fill growing 

sand needs and address logistical concerns 

in the Permian Basin. 

Podcast: Women In Energy, Ep. 2: 
Navigating the roadblocks 

By Jessica Morales, Video Reporter, 
and Emily Patsy, Associate Managing 

Editor, Digital News Group

Hart Energy’s Women In Energy  

podcast returns with a look at the  

inherent challenges faced by women in the oil and gas industry and  

how two industry powerhouses overcame those roadblocks.

E&P salary report matches  
growing stability in industry   
By Terrance Harris, Associate Editor,  

Digital News Group 

While salaries have been slowly recovering, 

a poll shows that many displaced and laid 

off workers are coming back to work in the 

oil and gas industry.

The shifting balance of global energy power

By Len Vermillion, Group Managing Editor,  
Digital News Group 

At KPMG’s annual Global Energy Conference,  

confidence in the global economy abounds,  

but political uncertainty and Asia’s growing energy 

demand shape the role of the U.S. energy on the 

world stage.

https://www.epmag.com/subscribe
http://www.mohawkenergy.com


http://vareloilandgas.com


 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 

  

 

 

 

 

 

 

 

 

EPmag.com

Executive Editor 

P: +1 713.260.6400   F: +1 713.840.0923

HOUSTON, TEXAS 77057

JENNIFER PRESLEY

1616 S. VOSS ROAD, STE 1000

  

 

  

  

  

  

  

 

 

 

 

  

 

 

  

 

  

 

 

Chief Technical Director RICHARD MASON

Senior Editor, Exploration RHONDA DUEY

Senior Editor, 
Digital News Group VELDA ADDISON

Senior Contributing Editor, 
Offshore JUDY MURRAY

Associate Editor, 
Production Technologies BRIAN WALZEL

Assistant Editor ALEXA WEST

Group Managing Editor  JO ANN DAVY

Associate Managing Editor  ARIANA BENAVIDEZ

Corporate Art Director ALEXA SANDERS

Senior Graphic Designer  FELICIA HAMMONS

Vice President of Publishing RUSSELL LAAS

Editorial Advisory Board

CHRIS BARTON  

Wood

KEVIN BRADY

Highway 9 Consulting

MIKE FORREST

Consultant

GARRETT FRAZIER

Magnum Oil Tools 

DICK GHISELIN

Consultant 

OLGA KOPER

Battelle

PETER LOVIE

Peter M Lovie  PE LLC 

ERIC NAMTVEDT

Namtvedt Energy Advisors

DONALD PAUL

USC

KEITH RAPPOLD

Aramco Services 

EVE SPRUNT

Consultant

SCOTT WEEDEN

Consultant

TOM WILLIAMS

Editorial Director 

PEGGY WILLIAMS 

Chief Financial Officer

CHRIS ARNDT

Chief Executive Officer

RICHARD A. EICHLER

As I
SEE IT

RPSEARPSEA

1616 S. VOSS ROAD, STE 1000

JENNIFER PRESLEY

HOUSTON, TEXAS 77057

P: +1 713.260.6400   F: +1 713.840.0923

EPmag.com

Executive Editor 

7

Read more commentary at 

EPmag.com

JENNIFER PRESLEY  
Executive Editor
jpresley@hartenergy.com

Chief Technical Director RICHARD MASON

Senior Editor, Exploration RHONDA DUEY

Senior Editor, 
Digital News Group VELDA ADDISON

Senior Contributing Editor, 
Offshore JUDY MURRAY

Associate Editor, 
Production Technologies BRIAN WALZEL

Assistant Editor ALEXA WEST

Group Managing Editor,
Print Media   JO ANN DAVY

Associate Managing Editor  ARIANA HURTADO

Corporate Art Director ALEXA SANDERS

Senior Graphic Designer  FELICIA HAMMONS

Senior Vice President, Media RUSSELL LAAS

Editorial Advisory Board

CHRIS BARTON  

Wood

KEVIN BRADY

Highway 9 Consulting

MIKE FORREST

Consultant

GARRETT FRAZIER

Magnum Oil Tools 

DICK GHISELIN

Consultant 

PETER LOVIE

Peter M Lovie  PE LLC 

ERIC NAMTVEDT

Namtvedt Energy Advisors

DONALD PAUL

USC

KEITH RAPPOLD

Aramco Services 

EVE SPRUNT

Consultant

SCOTT WEEDEN

Consultant

TOM WILLIAMS

Vice President, Editorial Director 

PEGGY WILLIAMS 

Chief Financial Officer

CHRIS ARNDT

Chief Executive Officer

RICHARD A. EICHLER

UN weighs in on shale gas  
A special report presented facts, analysis and neutrality on the 

potential for development of global unconventional resources. 

S
everal years ago I attended an opening reception for the 17th Interna-

tional Conference & Exhibition on Liquefied Natural Gas (LNG 17). The 

triennial event alternates between LNG exporting and importing countries. 

Houston served as the gracious host to the event in April 2013, the same year 

that the East Coast’s Marcellus Shale was starting to reveal its beastly potential 

as a top shale gas producer. 

In the short span of a few hours, I heard many grappling with the possibility 

that—thanks to its shale gas riches—the U.S. might soon shrug off its status as 

a LNG importer and step onto the global stage as full-fledged LNG exporter. 

It took a little longer than what most in the room that night predicted but 

what a difference those years between 2013 and 2016 made. 

Estimated production of dry shale gas for the Marcellus at the time of the 

LNG 17 event was 260.5 MMcm/d (9.2 Bcf/d), according to a May 2018 

report issued by the U.S. Energy Information Administration. That number 

had grown to 453 MMcm/d (16 Bcf/d) in 2016 and to 552 MMcm/d (19.5 

Bcf/d) in April 2018. 

There is no need to retell the highs and lows the petroleum industry has 

endured in the past five years. It is, however, interesting to note the great 

strides made by the industry in understanding the curious interplay between 

sand, water and pressure on rock. The dynamic trio fractured many a shale 

formation, accelerated the decline of coal as a preferred feedstock for power 

generation and recast global energy policies. 

As with any upheaval of the status quo, change brings challenges. For coun-

tries looking to attain shale success within their own borders, cutting through 

the noise of change to find reliable answers to these challenges is critical. 

Sorting fact from fiction, half-truths from full-falsehoods is an onerous exer-

cise, especially when anyone with a smartphone and internet connection can 

become an “expert” in under five minutes. 

Finding an unbiased report on shale gas is likely more difficult than actually 

writing one. That, however, did not deter analysts for the United Nations Con-

ference on Trade and Development (UNCTAD) in the creation of its Special 

Issue on Shale Gas, the ninth in its Commodities at a Glance series. 

The 48-page report sets out, analyzes and makes conclusions “independently 

of the passion that is generally associated with the discussion” on the develop-

ment of shale gas, according to UNCTAD’s website. With this report, the UNC-

TAD provides a clear yet cautious review of shale gas development. 

As planning is underway for LNG 19, the potential benefits of developing 

the 1,115 Tcf of technically recoverable resources of 

the conference’s host nation—China—are sure to be 

up for discussion. 

https://www.epmag.com/
https://www.epmag.com/
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Deanna M. Murray, DISYS

P
roper training of personnel is paramount to health, 
safety and regulatory compliance within the petro-

leum industry. Numbers from the U.S. Occupational 
Safety and Health Administration indicated out of the 
roughly estimated 234,400 people employed in indus-
try support roles, one out of every 149 employees will 
experience a severe injury, with the petroleum industry 
ranking No. 1 on the severe injury rate listing. Likewise, 
investigations of possible regulatory violations and the 
fees associated with determined violations have cost the 
industry nearly $2.5 trillion annually.

Digital Intelligence Systems LLC (DISYS), while 
working with numerous global energy clients over 
many years, developed and executed its Work Safe 
program. The program contains updated health and 
safety processes, consultant safety training and stan-
dards and safety claims management.

Ragan Shawell, managing director of DISYS’ Energy 
Services Group, said, “Health and safety training takes up 
valuable time and resources. So we decided to alleviate our 
clients’ training burdens associated with new hires.”

Understanding location risks
DISYS recognizes some client locations present greater 
risks than others. The company performs hazard assess-

ments to identify a location’s particular workplace safety 
and security issues and whether there are additional 
safety policies and procedures that need to be added to 
the training.

“As with most processes, safety policies and proce-
dures evolve as new risks are discovered,” Shawell said. 
“DISYS has designed this program to carve out very 
specific guidelines but also is flexible enough to adapt 
to the safety vulnerabilities of a specific geographic loca-
tion or set of environmental circumstances.”

To identify additional needs, verify compliance of 
current safety policies and to answer team member 
questions, a safety lead person is assigned and held 
responsible for the implementation and compliance of 
all policies. This lead person is accountable for safety 
compliance and verifiable metrics and meaningful cri-
teria like incident rates and violations. The Work Safe 
program includes several components.

Safe-performance assessments. These assessments enable 
onsite workers to take responsibility for their own safety 
and health at the workplace. They require individuals 
to continually evaluate work habits and use critical skills 
to assess and anticipate what could go wrong; analyze 
if they possess the right training, tools and experience 
to complete the task resulting in a safe and secure out-
come; and act on all information provided by the com-
pany or the client to ensure safe operations at all times.

Job safety analysis. A collective group performs this 
process to integrate the safety and health policies of the 
client and those of DISYS into a particular task. In a job 
safety analysis, each task is looked at critically to expose 
and anticipate potential hazards and recommend the 
safest way to do the job. 

Because this assessment is conducted by a team of 
individuals, the task is looked at from multiple view-
points. This allows a more thorough analysis. The meth-
odology behind the job safety analysis is based on an 
integral part of every job and not a separate entity.

Loss prevention observation. This observation uses many 
of the same standards outlined in the job safety analysis. 
However, it reinforces positive behaviors while findings 
such as near-losses and losses are identified and recorded. 
Regardless of incident severity, the observation allows 
changes to be made to further safety practices. 

Safety is job one   
Program identifies risks in work locations and ensures personnel are trained to safely work 

in any environment.  

Careful review of a safety checklist with employees ensures 

familiarity of hazards before work begins. (Source: DISYS)

https://www.epmag.com/
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Root analysis. This investigative review dives into per-
sonal, job and external factors associated with prospec-
tive loss or actual loss.

Employee responsibility. Through the Work Safe program, 
DISYS employees and consultants working at a client’s site 
are taught how to react in varying degrees of workplace 
mishaps. Individuals are taught how to assess each situ-
ation and take the appropriate response. They are then 
versed in how to report the incident in a timely manner.

Stewardship and lessons learned. A culmination of all of the 
above, stewardship and lessons learned compiles quality 
reviews, stewardship metrics, safe-performance assessment 
conversions, and verification and validation solutions. 

Case studies

DISYS has deployed its Work Safe program across multi-
ple client engagements and has seen verifiable results.

In one example, while moving an international oil and 
gas client’s 12,000 employees and 32 U.S.-based offices 
to new locations, DISYS reported a low 1% incident rate. 

Estimated attrition for this project was estimated at 35% 
before it started, but the company came in under that 
estimation at 24%, resulting in nearly a $500,000 savings 
for the client.

In another project, DISYS led a 25-person team in an 
extensive drilling management and communications 
support project on the Alaska North Slope. When draw-
ing up the execution plan, the company aligned closely 
with the client’s personnel to meticulously carry out the 
project objectives and ensure the safety of all involved.

Besides the usual safety concerns such a project would 
anticipate, personnel had to plan for extreme weather 
conditions for team members and also the protection of 
client hardware. 

Within the master safety plan, the company prepared 
several contingencies based on multiple outcomes that 
ensured the safety of more than 1,000 rig employees, 
their families and their friends. At the end of the 
engagement, the company provided the client with an 
on-time and within budget delivery. 

https://www.epmag.com/
http://beijerelectronics.com/x2extreme
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Velda Addison, Senior Editor, Digital News Group 

E
xperimentation with new technology and techniques 

is the name of the game in the Permian’s Midland 

Basin, where some operators are using nanoparticles in 

the hydraulic fracturing process, improving type curves 

and discovering more oil and gas.

Approach Resources Inc. is among those seeing the 

benefi ts of technology in the play with its so-called “sci-

ence wells” as it tweaks stage and cluster spacing along 

with concentrations of fl uid, chemicals and particles 

in fl uid. Changes implemented have led to improved 

production in the Wolfcamp, according to Approach 

Resources CEO J. Ross Craft, who gave several examples 

during Hart Energy’s recent DUG Permian Basin con-

ference and exhibition.

“We picked three wells: one each in the A bench, 

B bench and C bench, and we adjusted stage spacing 

down to an average of 53 m (174 ft). We pumped 

roughly 2,000 lb/ft,” Craft said. The technique also 

included the use of nanoparticles. “The oil production 

on these three wells averaged 22% higher than the type 

curve. We’re pretty excited about what we’re seeing.”

Like the Delaware sub-basin, the Midland Basin boasts 

stacked-pay potential with drilling focused mainly on 

the Wolfcamp Formation. E&P companies have added 

horizontal drilling techniques to the Midland’s history 

of vertical wells in the Spraberry, giving rise to more 

production by large public oil and gas companies and 

smaller private E&P companies alike.

Technology and improved techniques, reservoir 

knowledge and a willingness to take risks remain key 

for producers.

Using nanoparticles
Some in the oil and gas industry are using nanoparti-

cles to control the viscosity and heat resistance of frac-

turing fl uids.

For example, Approach recently used silica nanoparti-

cles during the fracturing process with favorable results. 

Craft explained that it typically takes up to 60 days to 

reach maximum IP during fl owback.

“Normally you don’t see any of the oil until you get 

15% to 20% fl uid recovery from the frack,” he said. But 

“we started cutting oil ... at 5% recovery from this well. 

It still needs some more time, but I think the nanopar-

ticles are going to play a big role in what we’re seeing. 

They’re expensive, but they defi nitely seem to be work-

ing at this point.”

Craft also explained how the company dropped stage 

spacing to 47.5 m (156 ft) for the Pangea West well in 

Crockett County, Texas. Using 2,200 lb/ft of sand and 

metal oxide nanoparticles with stimulation treatment 

throughout, the oil portion outperformed the type 

curve by 93%.

“We’re encouraged by what we see, but statistically 

speaking we all know that one well, two wells  [or] three 

wells will not make a difference,” he said. “So what we 

have to do in order to improve our type curve is to play 

with this process.”

Approach, a Permian pure-play company, has identi-

fi ed about 1,350 horizontal drilling locations across its 

149,000 net acres in the basin with about 1 Bboe of gross 

unrisked resource potential.

Knowing geology
A sound knowledge of geology is playing a role in Ele-

vation Resources LLC’s success in the Barnett Shale 

Making barrels in Midland 
Operators use science to help further tweak their development plans in the Permian Basin. 

Approach Resources CEO J. Ross Craft speaks about the company’s 

operations in the Permian’s Midland Basin during Hart Energy’s DUG 

Permian Basin conference and exhibition. (Source: Hart Energy)

https://www.epmag.com/


http://shalesupport.com


July 2018   |   EPmag.com12

world
VIEW

formation of the Central Basin Platform in Andrews 

County, Texas. A combination of risk-taking by fi nancial 

backers, creative ideas from the staff and a partnership 

with mineral owner University Lands (UL) has enabled 

the company to take risks that private-equity-backed 

fi rms normally cannot take, Elevation Resources CEO 

Steve Pruett told DUG Permian Basin attendees.

The company discovered a new play with its UL G 1-30 

#1H well.

“Our concept was to drill north-south to propagate 

fracks in an east-west manner zipper style and use sand 

fracks, hybrid gels. It worked,” Pruett 

said, noting the company leaned on 

marginal results from other horizon-

tal drillers in the area to help devise 

its plan of action.

Pruett highlighted the University 

1-27 South Unit #3H well, pointing 

out pay.

The mineralogy of the resource 

play is mostly clay minerals with sil-

ica and carbonate, he said, noting it 

is similar to the Meramec. The play 

is classifi ed as “mixed siliciclastic 

mudstone/marlstone, with near 

equal proportions of coarse-grained, 

brittle components.”

Elevation believes the play extends 

north-south about 96.5 km (60 miles), 

though maturity may be an issue.

Considering the play is emerging, 

Pruett said there is still work to do in 

areas such as testing spacing, landing 

zones, fracture formula and water 

recycling. The company also plans to 

move to pad drilling in 2019.

“We need to transition from a sci-

ence-based, data collection effort to 

a manufacturing effort,” Pruett said. 

This takes pad drilling and scale, which he said the com-

pany has started to transition into as it works to expand 

its ownership position.

With 2.1 million acres across the Permian, Elevation’s 

operations are focused in Andrews County, Texas, on 

the Central Basin Platform and in the southern Mid-

land Basin.

Making discoveries
Approach and Elevation aren’t the only companies hav-

ing success with the drillbit. In April PT Petroleum LLC 

said its Orange 6091C well in southwest Reagan County, 

Texas, produced more than 100,000 bbl of oil during its 

fi rst 140 days.

“We believe that well will be transformational not 

only on the Trinity Project but for the entire southern 

Midland Basin,” PT Petroleum CEO Cory Richards said 

during the conference. “We believe it sets up a large-

scale development opportunity.”

With an IP-90 of 898 boe/d (93% oil), the well is 

described by PT as a top-tier Wolfcamp C producer.

Historically, Southern Midland Basin activity has 

been in the upper part of the play with players such as 

Callon Petroleum Co., Pioneer Nat-

ural Resources Co., Laredo Petro-

leum Inc. and Parsley Energy Inc. 

However, PT’s Orange 6091C well—

which the company said landed in 

a similar stratigraphic position at 

Parsley’s Taylor well—extended the 

commercial limits of the Wolfcamp 

C “signifi cantly south of the Big 

Lake fault.”

The well was drilled to a depth 

of 2,545 m (8,350 ft) with a 2924.8-m 

(9,596-ft) completed lateral length, 

using 73 bbl/ft of fl uid and 1,996 

lb/ft of proppant. There were eight 

clusters per stage with an average 

stage length of 56.3 m (185 ft).

PT’s completion recipe also 

included use of nanosurfactant. 

Results of a side-by-side test of two 

Wolfcamp B shale wells—both 

2,286-m (7,500-ft) laterals with 

243.9-m (800-ft) horizontal spacing 

between wells—with the same com-

pletion design (with the exception 

for use of nano) showed the well 

with nanosurfactants produced 

32% more oil.

The results gave PT confi dence to continue use of nano 

to enhance completions.

In all, the Trinity Block has plenty of stacked-pay 

potential with more than 16 Bbbl of oil in place. The 

63,769-acre contiguous Midland Basin block spans 

Reagan, Upton and Crockett counties in Texas. The 

company has commercial production in the Wolf-

camp A, B and C with more resources in the Lower 

Spraberry and Strawn.

“We’ve made tremendous progress with what we’ve 

done, but we recognize that we’re really just getting 

started in a lot of respects,” Richards said. 

Elevation Resources CEO Steve Pruett shared 

details on the company’s operations in the 

Permian’s Central Basin Platform during Hart 

Energy’s DUG Permian Basin conference and 

exhibition. (Source: Hart Energy) 

https://www.epmag.com/
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Richard Mason, Chief Technical Director

T
oday’s well completion technology—and its impact 
on future production—brings challenges through 

longer laterals, additional fracture stages, high-viscosity 
friction reducers, changing proppant quality, reservoir 
parent-child well interference and strung out comple-
tion schedules as full field development expands across 
the oil patch. 

Those challenges also include the efficacy of wellsite 
chemical programs to protect tight formation reservoirs 
from microbial activity that can accelerate corrosion 
and degrade hydrocarbon quality and sour reservoirs.

“We are seeing an increase in customers looking 
for a solution that provides longer term protec-
tion in the downhole environment,” said Christina 
Pampena, regional marketing 
manager for Europe and 
North America, The Dow 
Chemical Co. “Now that you 
have more stages per frack 
and are holding off on initial 
production, you need something that provides bacte-
rial control in the downhole environment that lasts 
for weeks to months.”

Microbial chemical treatment represents about 
one-half of 1% of well costs. In aggregate, the North 
American onshore oil and gas microbial market 
exceeds $200 million annually and is growing at a 
5% compound annual growth rate.

In the scramble to bring capital efficient produc-
tion online during the downturn, E&P companies 
focused on the lowest unit cost in well construction. 

“Now that we’ve seen oil prices rise, there is more 
focus on the total cost to treat program as opposed 
to just looking at lowest unit cost,” said Joe Ferrara, 
global industry leader for energy and water at The 
Dow Chemical Co.  

Field testing indicates traditional chemical treat-
ment programs, whether in tight formations or con-
ventional oil and gas, did not always translate to new 
well construction practices. For example, oxidizing 
biocides, such as chlorine dioxide, provide an effective 
surface treatment. However, when treated water went 

into contaminated fracture holding pits, it came out as 
contaminated as it was before the original treatment. 

There has been a recent rise of regional sand as 
proppant adds to the challenge.

“We are seeing a lower quality proppant, which 
means there is higher opportunity for that proppant 
to provide an additional source of contamination,” 
Pampena said. “Chemistries based on surface activ-
ity like Quats (quaternary ammonium biocides) or 
TTPC [tributyl tetradecyl phosphonium chloride] 
bind to the proppant and lose efficacy. The minute 
you add water, proppant and a surface biocide into 
the blender, you lose the efficacy of that biocide.”

Dow’s Microbial Control division addresses water 
preparation, well decontamination and biocides to 
protect the reservoir in hostile downhole temperatures 
with varying acidity along with heterogenous water 

quality issues including salinity 
in a full spectrum program 
from product development 
through regulatory approval.

“New chemistry like THNM 
[tris(hydroxymethyl) nitrometh-

ane] and DMO [dimethyloxazolidine] can be com-
bined with glutaraldehyde that gives you that quick-kill 
topside and the first two weeks protection from the glu-
taraldehyde,” Pampena said. “Then THNM and DMO 
provide months of protection underground.” 

Microbial treatment is one area in which E&P 
companies might not find widely sought cost-reduc-
ing solutions through self-sourcing. 

“Self-sourcing makes sense for proppant because 
it is a highly commoditized product,” Pampena said. 
“It’s very easy for an operator to go directly to the 
source and pay for it. There is no issue pumping it 
onsite. For value-added products like biocides or 
surfactants where it takes a lot of application science 
and know-how to figure out the right system, I don’t 
see how E&Ps are successful self-sourcing products.”

Dow’s Ferrara agreed, stating, “The service com-
pany is a necessary component of this value chain in 
order to drive application know-how in addition to 
the technical knowledge. The operator would strug-
gle in a more specialized environment to make 
proper selections.” 

War of the worlds     

Chemical producers promote integrated approach that benefits the life of the well. 

As the industry recovers, E&P  
companies focus on cost per  

treatment for chemicals.
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F
or the past several years, the American Association 

of Petroleum Geologists has offered the Discovery 

Thinking Forum as part of its annual meeting. These 

presentations always offer a fascinating insight into 

the work that goes into a prospect before a rig ever 

moves onsite.

Following this year’s theme, “Awakening Sleeping 

Giants,” John Parker, executive vice president of 

exploration for Talos Energy, gave a presentation 

about that company’s Zama-1 discovery, drilled in 

2017 by Talos and partners Premier Oil Plc and 

Sierra Oil & Gas. 

The opening of Mexico’s potential oil and gas 

fi elds to international companies might seem like 

a gift from the gods since many of these areas are 

hugely underexplored, 

and Talos jumped at the 

opportunity to bid in 

Round 1.1, securing two 

bids. But developing this 

area won’t be a picnic.

The well, designed to 

test a series of stacked 

Miocene amplitude 

anomalies, was drilled 

from May to July 2017.

“The rocks in Mexico 

are different than the 

northern Gulf of Mex-

ico,” Parker said. “We 

realized we weren’t in 

Kansas anymore.”

With little well 

control—the nearest wells are several kilometers 

away—and considerable structural complexity, the 

prospect forced the partners to chart a challeng-

ing course, with Talos being the first international 

operator to work with the Comisión Nacional de 

Hidrocarburos (CNH). And the seismic data it had 

access to were not ideal—a narrow-azimuth 2-D line 

with low-frequency beam migration data, poor rela-

tive amplitude and no angle stacks or gathers. The 

base maps were also sketchy, with some well loca-

tions being plotted up to 30 km (18.6 miles) from 

their actual location. 

Talos worked through these issues by engaging in 

frequent communication with the CNH and service 

companies and through advance planning. It also 

reconstructed the seismic data using available well 

control. A nearby well 

had a complete logging 

suite, so those data were 

able to be correlated.

The result was beyond 

imagination. “We were in 

our war room for three 

days,” Parker said. “We 

were drilling pay all of 

that time.” It is one of the 

20 largest shallow-water 

discoveries globally in the 

last 20 years, he added.

Talos plans to spud its 

fi rst Zama appraisal well 

in the fourth quarter, 

and recently Pemex has 

announced plans to spud 

an appraisal well in an adjacent block in August to test 

the extent of the discovery.

For Parker, the discovery is a testament to the hard 

work and optimism needed for any exploration project. 

“A negative bias is just that,” he said. “You can always 

fi nd reasons not to drill a well. But successful oil fi nders 

have a vision of a discovery in mind, and 

they focus on compelling reasons to 

get the well drilled that fi nds the next 

giant discovery.” 

Read more commentary at 

EPmag.com

RHONDA DUEY
Senior Editor, Exploration 

rduey@hartenergy.com

Old-fashioned detective work
Not everything in Mexico’s exploration blocks up for bid will be prospective, 

but operators are off to a fi ne start.

The Zama appraisal program will take place in 2018-2019, and 

Pemex plans to spud Asab-1 in the third quarter of 2018.

(Source: Premier OilÕs May 2018 investor presentation)
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N
umbers are the petroleum industry’s preferred 

language and, for a devoted word nerd such as 

myself, numbers are best painted using visual compar-

isons. For example, how heavy is 22,000 tonnes? 

I get that it is heavy in the extreme. The powers that 

be don’t call in the world’s largest heavy-lift vessel, All-

seas Group’s Pioneering Spirit, to hoist up just any old 

thing. However, how many “somethings” is equivalent 

to 22,000 tonnes? 

The answer is about 3,500 African elephants, 300 

blue whales or just one drilling topsides for Equinor’s 

Johan Sverdrup Field, which the Pioneering Spirit suc-

cessfully lifted onto its jacket in 

early June. 

The single-lift installation 

of the steel structure from 

the Pioneering Spirit and onto 

the jacket was completed in 3 

hours, after initial preparations 

were completed, according to 

Equinor. This installation of 

a new topsides was a fi rst for 

a vessel initially designed to 

remove scrapped topsides. 

The lift also signaled the 

end of a journey that began in 

February 2015 when the NOK 

8 billion contract was awarded 

to Aibel, a Stavanger-based 

engineering, procurement 

and construction company, by 

Equinor to build and deliver 

the second of four planned 

platforms for one of the Nor-

wegian Continental Shelf’s 

(NCS) largest oil fi elds. 

The drilling topsides com-

prise three modules. The 

main support frame, built at 

Aibel’s yard in Laem Chabang, 

Thailand, is the largest of the 

three platform modules. The drilling support mod-

ule also was built by Aibel at its yard in Haugesund, 

and the derrick and associated equipment were built 

by project partner Nymo in Grimstad. 

Heerema Marine Contractors’ semisubmersible 

crane vessel Thialf lifted the 

three modules into place 

during the assembly phase at 

Klosterfjorden in September 

2017. After assembly, the plat-

form and barge were towed 

to Haugesund. There, systems 

integration and equipment 

testing were performed on the 

highly visible landmark—stand-

ing tall at 147 m (482 ft)—for 

the past nine months. 

Making offshore work is 

all about the numbers and, 

for Equinor and its Johan 

Sverdrup partners, it is a lan-

guage they know well. With 

expected recoverable resources 

of between 2.1 Bboe and 3.1 

Bboe, the Johan Sverdrup Field 

is considered one of the most 

important industrial projects 

for Norway over the next 50 

years, according to the com-

pany. Equinor noted in the 

release that full fi eld produc-

tion is estimated to peak at 

660,000 

bbl/d, 

equivalent to 25% of all Norwe-

gian petroleum production. 

Big lift, bigger reward
With the successful installation of the drilling topsides onto its jacket, a history-making 

NCS project draws closer to fi rst oil. 

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Executive  Editor

jpresley@hartenergy.com

The drilling topsides were lifted onto its jacket located 

in Equinor’s Johan Sverdrup Field by the Pioneering 

Spirit. (Photo by Bo B Randulff, courtesy of Equinor)
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T
he government of Newfoundland and Labrador 

(NL) announced in February a plan to kick-start 

the province’s offshore oil and gas sector with a goal 

of doubling the region’s production by 2030. The 

plan, Advance 2030, was created by NL’s Oil and Gas 

Industry Development Council (OGIDC) and targets 

more than 100 new exploration wells to produce more 

than 650,000 bbl/d. 

NL’s oil and gas economy effectively began in 1979, 

when oil was discovered at Hibernia. Since that time 

NL’s offshore economy has grown to include four pro-

ducing projects: Hibernia, Terra Nova, White Rose and 

Hebron. But the opportunities for additional and full-

scale development in the North Atlantic are substantial.

In its report the council cited a study conducted by 

BeicipFranlap in 2015 and 2016 that stated there are 

estimated undiscovered resources of 37.5 Bbbl of oil 

and 3.7 Tcm (133.6 Tcf) of natural 

gas in parcels located in the West 

Orphan and Flemish Pass regions.

A pair of recent offshore 

projects will likely aide in those 

efforts. Exxon Mobil’s Hebron 

project started fi rst oil produc-

tion in November 2017, and peak 

production is expected to reach 

150,000 bbl/d, according to Exxon 

Mobil. Meanwhile, in May 2017 

Husky Energy announced it had 

approved its West White Rose project with fi rst oil 

expected in 2022. According to Husky Energy, West 

White Rose is expected to achieve a peak production 

rate of about 75,000 bbl/d. 

“Over the years the Atlantic business has pro-

vided some of the strongest returns in the com-

pany’s portfolio, and West White Rose is the next 

chapter,” said Husky CEO Rob Peabody in a press 

release. “This project is of a scale approaching 

the original White Rose development and is able 

to use the existing SeaRose FPSO to process and 

export production.”

In its report the OGIDC acknowledged the chal-

lenges its proposal faces—not the least of which are 

the emergence of disruptive technologies, climate 

change and the transition in some sectors and geogra-

phies to a lower carbon economy.

The council reported that those challenges could 

be overcome by utilizing cost reductions through 

improved project designs and implementing standard-

ization practices to simplify the scope of projects. 

One of the goals of NL’s new focus on enhanced 

productivity is reducing the time from prospectivity 

to production. Exxon Mobil’s 

Hebron project is perhaps nota-

ble for its time from discovery to 

fi rst production. Hebron was fi rst 

discovered in the Jeanne d’Arc 

Basin in 1980, but it took 37 years 

to produce fi rst oil, eight years 

of which were spent in the engi-

neering, construction and startup 

phase, according to Exxon Mobil.

To reduce the time from prospec-

tivity to production, the OGIDC 

suggested accelerating the approval process in advance 

of project development and advancing regulatory 

changes required to push forward development. 

The OGIDC stated in its report that NL “is at a 

critical point in the long-term development of its oil 

and gas industry” due to several potential risk factors 

that include stakeholder concerns over longer devel-

opment time lines and higher project costs, factors 

the council said could negatively impact the region’s 

industry competitiveness. 

With the potential reserves such as they are, and a 

government apparently willing to fast-

track development, operators may 

indeed soon turn their attention to the 

North Atlantic. 

Read more commentary at 

EPmag.com

BRIAN WALZEL
Associate  Editor, 

Production Technologies

 bwalzel@hartenergy.com

Opportunity in the Atlantic   
Two new projects emerge as the Canadian government initiates a development plan. 

The OGIDC stated 
in its report that NL 

“is at a critical point 
in the long-term 

development of its 
oil and gas industry.”
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T
here were many skeptics when Mexico announced 

plans to open its oil and gas sector for foreign 

investment a few years ago—and for good reason. 

After more than 70 years of a state monopoly, the 

country would have to change its constitution to allow 

international companies to develop Mexico’s hydro-

carbon reserves.

But fi ve years ago, President Enrique Peña Nieto 

presented his proposed constitutional reform to the 

Mexican Congress, and in a matter of four months, 

his plan was approved by the Senate and the Cham-

ber of Representatives. On Dec. 18, 2013, Mexico 

declared the reform constitutional.

This was a major fi rst step, but there was enormous 

work to be done before the country could begin to 

develop its nearly 10.5 Bbbl of proved oil reserves and 

approximately 489.8 Bcm (17.3 Tcf) of proved natural 

gas. Mexico had neither the experience nor the tech-

nology to develop its reserves; it would have to create 

a regulatory regime that would entice international 

investment and bring in the necessary expertise.

The success that has been achieved since the consti-

tutional reform is impressive. In a report published in 

May, analysts at Wood Mackenzie explained how Mex-

ico’s competitive fi scal terms have borne fruit, noting 

that eight licensing rounds have resulted in the award 

of 83 blocks, among these some of the highest profi le 

tenders in the world in the last two years. According to 

the report, the country achieved a licensing award suc-

cess of 70% in 2017, which is twice the global average.

Offi cial fourth-quarter 2017 results reported by state 

oil company Petróleos Mexicanos (Pemex) further 

illustrate Mexico’s successes, highlighting signifi cant 

milestones that year that included a farm-out on the 

Trion Field to BHP Billiton and the award of deepwa-

ter Block 3 North to a consortium formed by Pemex, 

Chevron and Inpex. In the fourth quarter alone, 

Pemex recorded its fi rst onshore farm-outs (for the 

Ogarrio and Cárdenas-Mora fi elds) and the largest 

onshore discovery of the last 15 years at Ixachi.

Pemex believes it will reach fi rst production at 

Ixachi in 2020 and has identifi ed an additional seven 

“clusters” that it will focus on in the near term: Juspí, 

Bedel-Gasifero, Cinco Presidentes, Giraldas-Sunuapa, 

Bacal-Nelash, Artesa and Lacamango. The company 

is seeking international partners in the hope of 

fast-tracking development.

The search for partners, in fact, was one of the 

company’s primary goals in May at the Offshore 

Technology Conference (OTC) in Houston. At the 

conference, Pemex CEO Carlos Treviño Medina 

announced the company is looking to form strategic 

partnerships with other leading companies in the 

global oil sector to expedite the internationalization 

process. According to an offi cial company statement, 

Treviño Medina met with senior managers of leading 

oil companies at OTC to share details about the seven 

blocks targeted for development.

Companies that have taken steps to get into the 

Mexican market are hoping the presidential elec-

tion does not change what is at present a rosy pic-

ture. A serious contender for the presidency, Andres 

Manuel Lopez Obrador of the National Regener-

ation Movement, Movimiento Regeneraci—n Nacional

(aka MORENA) party, has openly opposed energy 

reforms and if elected, is likely to rein in develop-

ment, possibly cutting back the acreage offered and 

slowing the permitting process.

The progress made to date is impressive, and Pemex 

has shown it is serious about making foreign players 

welcome. It would be unfortunate if a change in 

administration at the presidential 

level were to compromise what the 

Peña Nieto regime worked so hard 

to achieve. 

Read more commentary at 

EPmag.com

JUDY MURRAY
Senior Contributing Editor, 

Offshore

jmurray@hartenergy.com

Mexico achieves 
unprecedented development
Transparency and competitive fi scal terms encourage foreign investment.

https://www.epmag.com/
https://www.epmag.com/
mailto:jmurray@hartenergy.com


July 2018   |   EPmag.com24

digital
SOLUTIONS

Thomas Leurent, Akselos 

T
he persistent advance of digitalization will soon leave 

no stone unturned. Next-generation solutions are 

already transforming the oil and gas industry throughout 

the life cycle, but a key focus area that is crucial to the 

global drive for efficiency and lowered expenditure is the 

safe life extension of fixed and floating aging assets. 

With a growing number of late-life assets in the indus-

try, Akselos focuses on unlocking significant additional 

lifetime from aging assets with predictive digital twins. 

The concept of a predictive digital twin is centered on 

condition-based monitoring (CBM) and predictive main-

tenance. By combining the company’s engineering sim-

ulation software with sensors, machine learning and data 

analytics, Akselos aims to give operators a window into 

the future to empower safe asset life extension (ALE). 

This process involves creating a living, learning vir-

tual replica of a physical asset and using it to structure 

data from sensor measurements to give physics-based 

insights into the asset’s current condition. It also gives 

predictions about its future condition. By using a 

predictive digital twin, asset teams can adopt a smart 

monitoring approach to improve risk-based inspection 

where the data interpreted from the model are used 

to inform the focus of asset inspection plans. By com-

bining the two, costly routine inspections are replaced 

with data-empowered inspections to significantly reduce 

opex. The addition of predictive analytics allows main-

tenance to be transformed in the same way. By antic-

ipating failures and anomalies and addressing them 

before they happen, unnecessary maintenance is mini-

mized and asset reliability is improved. 

Large-scale asset monitoring
Every company building digital twins of structures or 

equipment does so using a numerical method called 

finite element analysis (FEA). FEA has traditionally 

been utilized in modeling car parts, pumps and com-

pressors but is limited when it comes to modeling 

large-scale assets. With conventional FEA, the larger 

the asset, the less detail and accuracy it delivers. This 

means it is not the best tool to combine with the Indus-

trial Internet of Things (IIoT) to expand simulation 

technology into operations. 

Without an accurate physics-based model that reflects 

the asset’s true condition, it is impossible to enable the 

full power of CBM and predictive maintenance—not 

without additional workflow to create smaller sub-mod-

els of potentially damaged areas, which defeats the pur-

pose of a real-time digital twin.

Akselos’ technology is the result of 15 years of R&D 

in Ford Professor Anthony Patera’s mechanical engi-

neering laboratory at the Massachusetts Institute of 

Technology. The algorithm is called reduced basis FEA 

(RB-FEA), and the key differences to FEA are speed 

and integration with sensor data. The algorithm per-

forms simulations 1,000 times faster, which enables 

detail and accuracy of unlimited scale, and also calibra-

tion of the simulations based on sensors on the asset. 

FEA is ubiquitous in engineering design, but with the 

convergence of the IIoT and RB-FEA, it can be used to 

revolutionize operations. In the post-digital-transfor-

mation era, all installations will undoubtedly be moni-

tored and managed with virtual models or digital twins 

throughout the life cycle, but the real value in today’s 

efficiency-focused industry is in ALE. 

Extending asset production
With some fixed offshore platforms having subsided 

several meters deeper into the seabed than they were 

designed for, rogue waves that were much more powerful 

Field life extension through digitalization       
Digital twins help extend the life of producing assets. 

Analytics through digital twin systems can predict wave impacts on 

offshore facilities. (Source: Akselos)
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than anticipated and with increased regulatory scrutiny, 

operators will have to leverage digital technologies to sup-

port the ALE decision-making process. As the probability 

of failure increases as an asset ages, the risk heightens 

and operators have to be sure the asset is safe to continue 

producing. An asset might have been operating in harsh 

conditions for 30 years and needs significant investment 

to ensure it is fit to continue producing. In other cases, 

the primary structure could still be in good shape and 

have 20 years of life still left in it. Either way, operators 

want to use the best tools to get the full picture, and one 

of the methods to achieve this without causing significant 

disruption is with predictive digital twins.

Although Akselos has been applying its simulation 

technology to the industrial world for a number of years, 

the IIoT-enabled predictive digital twin is a new concept 

for most operators in the oil and gas industry. The sys-

tem is being tested in a joint industry project (JIP) with 

Royal Dutch Shell on one of the company’s aging assets 

in the U.K. North Sea. 

Commenting on the JIP, Lourens Post, manager fluid 

flow and reactor engineering for Shell, said, “As one 

of the largest oil and gas 

industry investors in R&D, 

this JIP is a great fit for our 

strategy. Collaborating with 

world-class companies and 

experts is crucial if we are 

to drive real innovation in 

the oil and gas sector and 

create a safer and more 

efficient industry.”

Beyond optimizing oper-

ations and supporting safe 

ALE, the software also can 

be used to address “what 

if” scenarios. Operators 

can use the twin to test 

how the asset would han-

dle being hit by a rogue 

wave, for example.

The impact of the  

technology varies basin to 

basin. In the North Sea  

and other mature fields, 

the system will make late-

life operating models safer 

and more economically via-

ble, and in other parts of 

the world it helps in reduc-

ing opex through focused 

inspections and increasing 

asset availability. 

Digital twin technologies 

offer less uncertainty and 

more accurate predictions 

about fatigue life and 

increased structural reli-

ability. These types of tech-

nologies allow operators to 

better keep employees safe 

and assets producing. 

This image depicts a linear static analysis for a global 3-D model of a semisubmersible using 

Akselos’ simulation tool. (Source: Akselos)

A global 3-D model of a hull using Akselos’ simulation tool shows stress fields under various wave 

loading. (Source: Akselos)
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A fl oorhand for AKITA Drilling’s Rig #90 inspects the 

top drive while tripping pipe in southeastern New 

Mexico. (Photo by Jennifer Presley)
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Longer laterals drive demand higher

Jennifer Presley, Executive Editor

G
one are the days when lateral lengths in unconventional 

wells measured in hundreds of meters (or feet) were con-

sidered long. While it is not uncommon to hear of lateral lengths 

measuring in miles in plays like the Bakken, those lengths are 

starting to crop up with more frequency in the Permian Basin, 

Utica and elsewhere. 

According to Stratas Advisors, the trend to longer laterals and 

more intensely fractured wells is expected to continue. Lateral 

lengths are estimated to increase by another 10% this year, 

according to the analysts. Proppant intensity is a good proxy for 

the level of intensity on the completion, with Stratas estimating 

proppant intensity also to increase 10% this year.

The articles that follow feature the technologies, from 3,000-hp 

rigs to redesigned pressure pumping systems and more, making 

it possible for operators to get more oil and gas in the pipeline 

by going longer. 
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Jennifer Presley, Executive Editor 

T
he rig count for the Permian Basin on June 1 was 

up by 113 rigs to 477 units over last year’s count 

of 364, according to Baker Hughes, a GE company. 

Among those 477 units is Calgary-based AKITA Drill-

ing’s Rig 90. 

The 3,000-hp ultrahigh-specification rig is under con-

tract with a major U.S. E&P company and is operating 

in southeastern New Mexico. Custom built in 2014 to 

drill deep Canadian gas wells with long laterals, the rig 

and its crew are fitting in nicely as the “new guy” in the 

crowded Permian Basin.

Making the move
According to Clayton Bourque, general manager for 

AKITA Drilling, the rig was designed and built to handle 

temperature and pressure extremes as well as high hook 

loads for a Liard Basin drilling campaign in Northwest 

British Columbia. 

“The rig was designed and built to drill high-tempera-

ture, 4,000-m [13,123-ft] true vertical depth wells and 

then another 4,000 m sideways, total measured depths of 

up to 8,000 m [26,246 ft],” he said. “We built it so that if 

for some reason the five-year campaign we were drilling 

were to end, it would be competitive with the 1,500-hp 

to 2,000-hp rigs in the market.”

When that campaign did come to an end after one 

year, the company ramped up its efforts to find work 

for Rig 90 and its crew. 

“We knew the Permian Basin is quite a prolific area to 

drill, with a variety of different formations and well pro-

files,” Bourque said. “So we took the initiative to bring 

the rig down and rig it up in one of our vendor’s yards 

in Odessa and began to market it.”

It is safe to say that there were more than a couple 

of eyebrows raised when the company announced in 

January that it had officially expanded into the Permian 

Basin. The operator that contracted with AKITA had, 

according to Bourque, a need for a rig with the capacity 

and contingencies that Rig 90 offers.

“There are five Caterpillar 3512 generator sets rated 

at 1,100 kW output each, with 5,500 kW total output 

available,” he noted. “There are three Gardner Denver 

PZ-2400 triplex mud pumps with 7,500-psi fluid ends. 

The rig does not have a bridle line as it is hydraulically 

raised along with the sub. It is built to rig up quite 

quickly for a rig its size,” he said. 

The Tesco 500-ton ESI 1350 top drive, offering con-

tinuous drilling torque of 72,000 ft-lb up to 220 rpm, is 

integrated into the mast, which breaks down into two 

pieces for easier transport, Bourque said.   

Higher horsepower rig making 
waves in the Delaware Basin

An ultrahigh-specification rig with three high-horsepower mud pumps is  

making long lateral wells a reality in the Permian.

AKITA Drilling’s Rig 90 is an ultrahigh-specification drilling  

rig operating in southeastern New Mexico. (Photo by  

Jennifer Presley)

COVER STORY:  

SHALE TECHNOLOGIES

https://www.epmag.com/


EPmag.com   |   July 2018 31

With a hook load in excess of 1 MMlb and a capacity 

to hold 8,000 m of pipe, the rig can walk with full set-

back between wells without a need for cranes or addi-

tional rig moving trucks. 

“There are three mud tanks holding upward of 1,700 

barrels of mud,” he said. “We’re able to do different 

things with the mud programs that operators want to 

utilize. In designing the tanks, we thought about crew 

safety and installed electric over air-operated valves and 

a solid floor with a vapor extraction system, limiting the 

crew’s exposure to the vapors coming of the mud tanks.”

Bourque added, “The three Gardner Denver PZ-2400 

mud pumps on the rig allow us the versatility to drill 

large diameter high-volume hole for surface and inter-

mediate along with high pressures on long laterals with-

out changing liner sizes.”

Pressure versus flow capability
The triplex mud pumps used on AKITA’s Rig 90 are 

rated at a higher horsepower than most pumps used on 

other land rigs, according to Rylan Ardoin, sales direc-

tor for Gardner Denver.

“Lateral well sections are getting longer, which is 

driving the requirement for increased flow and pres-

sure capabilities from the rig’s mud system,” he said. 

“Historically, the land drilling market was dominated by 

1,600-hp class pumps. But now 2,000-plus horsepower 

pumps are becoming increasingly more popular as total 

well depths increase.” 

In addition to offering more horsepower, the PZ-2400 

features a 14-in. stroke, 2 in. more than what most com-

petitors offer. Those two additional inches of stroke 

mean increased volume capability.

“The PZ-2400 has a max flow of 1,272 gal/min and 

is capable of delivering up 475 gal/min at 7,500 psi for 

high-pressure drilling applications,” Ardoin said. “This 

is important because flow volume is usually sacrificed to 

gain higher pressures, but with the PZ-2400’s rod load 

of 185,000 lb, pressure and flow are not compromised.”

Along with higher pressure and flow requirements, 

mud pumps are being pushed harder and faster to 

satisfy the demands of today’s competitive drilling pro-

grams, he added. 

“Historically, most drilling contractors operated their 

pumps in the 75% to 80% capacity range, and now 

they’re running these pumps pretty much all out,” he 

said. “Operating at 90%-plus of full capacity places con-

siderable stress and demand on the pump’s power-end 

and fluid-end components.   

To address these demanding performance condi-

tions, the company’s engineering team is continuously 

looking for ways to enhance pump performance such 

as improving the internal geometry of fluid-end mod-

ules. With the use of finite element analysis software, 

Gardner Denver has identified the areas of high stress 

concentrations that occur within modules.

“With that information, our engineering team made 

some enhancements to the internal geometry to help 

alleviate the stress that the fluid ends are experiencing,” 

he said. “The pumps on AKITA’s Rig 90 are equipped 

with Gardner Denver’s patented, two-piece, Y-shaped 

fluid ends. Designed for maximum fluid flow efficiency, 

the internal geometry of our Y-shape module is designed 

with a 120-degree bore intersection angle unlike L-shape 

modules, which have a 90-degree bore intersection.”

As the fluid flows through an L-shaped module, it has 

to make a 90-degree turn going from the suction to the 

discharge bore, he noted.

“A significant amount of stress is placed on the mod-

ule at this intersection point due to the flow directional 

change,” he said. “With the Y-shaped module, the flow 

pattern was optimized by modifying the 90-degree corner 

to a 120-degree angle. As a result, the fluid flows through 

the module more smoothly, which reduces the amount 

of stress the module experiences.” Based on field perfor-

mance data, this design has extended module performance 

life by reducing failures due to module fatigue.     

Future steps
The relocation of its Rig 20 and recent allocation of Rig 

22 is further proof of AKITA Drilling’s comfort level in 

the U.S. The company announced on June 5 its pur-

chase of Xtreme Drilling Corp. The combined company 

will have a fleet of 44 high-specification drilling rigs in 

the major resource plays of the U.S. and Canada, 

according to a press release. 
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The mud system for Rig 90 features three Gardner Denver 

PZ-2400 pumps. (Source: AKITA Drilling)
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Andres Alvarez, Lonnie Lafever and  

Tony Yeung, BJ Services

P
ressure pumping in North America has undergone 

an enormous evolution over the past decade. Com-

pletions intensity has increased exponentially with 

the combination of longer lateral lengths, higher flow 

rates and treating pressures, and longer pump times. 

Meanwhile, the equipment has remained relatively 

unchanged, with a primarily iterative design. 

Coming out of the downturn, BJ Services was pre-

sented with a unique opportunity to make a fresh start 

with standardized, well-maintained equipment, compris-

ing the third largest fleet in North America. An oppor-

tunity existed to address changing operating conditions 

by applying new engineering designs across the equip-

ment. More specifically, the company took a systemwide 

approach to engineering with the intent of delivering a 

new level of reliability and performance for clients.

The company’s journey began with a comprehensive 

understanding of the mixing systems coupled with 

across-the-board failure analytics. The result was a rede-

sign of each component within the mixing system to 

not only operate under the new demands but to work 

together more efficiently and to integrate with recent 

advances in fracturing chemistry. 

Systems approach
Engineering a system is accomplished by first design-

ing to remove failure points and then to anticipate 

failures. By doing both throughout the system, an 

equipment system can operate continuously through 

the largest operations. 

To achieve a new level of reliability, the process 

started with analyzing every component—control sys-

tem, transmission, fluid ends and more—to determine 

how to get the maximum value and return out of each.   

In addition, it was important to understand the 

expected operating performance levels, fluid systems 

used and the environmental conditions that can all 

impact equipment wear and tear. This optimized frac-

turing platform has enabled the company to efficiently 

activate 35 fleets in just over 15 months.  

Blender improvements 
Perfecting operational execution in the field means 

planning and anticipating failure and then managing 

how to correct failure to deliver a successful operation. 

There are two key methods. The first is to engineer fail-

ure out of the system as much as possible, and the sec-

ond is to design equipment so that it can be maintained 

and tuned very quickly. This combination ensures all 

operations are successful. 

For example, blenders are recognized as a frequent 

critical point of failure in the system since all fluids pass 

through a blender. Blenders mix sand, water and addi-

tives before feeding the fluids to the fracturing pumps. 

If the blender underperforms or fails during a stim-

ulation program, the result can be a poor fracturing 

job, damage to the pumps or an entire stoppage of the 

operation, resulting in costly shutdowns for the opera-

tor. Because the blender is key to operational success, a 

typical operation requires two blenders per fleet.

For these reasons, the company prioritized redesign-

ing the blender. This process took about four months 

to redesign and prototype. The first prototype deployed 

Engineering a new  
pumping approach

Improvements began with building reliability and performance into pressure pumping systems.  

The redesigned blender supports advanced health and safety requirements and is easier to access for improved maintenance in the field. 

(Source: BJ Services)
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in the fourth quarter of 2017 has had zero unplanned 

downtime over eight months of operations. 

The redesign specifically addressed and eliminated 

problematic components. For example, the simplified 

piping minimized erosion and allowed more efficient 

flow. Additionally, the blender tub was designed for 

ease of access to enable routine maintenance to be 

done on location. 

After pumping 215 MMlb of sand through one blender 

over six months in the Permian Basin, there was no major 

component failure. Typically, for many other pieces of 

equipment, pipe erosion, component failure and other 

wear and tear would occur. The continued evaluation will 

enable increased efficiencies as well as add opportunities 

for further design enhancements.

Beyond the mixing system
After achieving increased uptime with blenders, the 

company expanded its scope to look at the changing 

nature of inputs into a fracturing operation as well as 

how to improve future designs.

The sand and fluids pumped downhole play a critical 

role in overall equipment performance and functional-

ity. Proppant mesh size, increasing pressures and flow 

rate, water quality and advanced chemicals can all con-

tribute to component erosion, increased horsepower 

and equipment failure.

Designing fluids that not only improve reservoir 

recovery but extend equipment component life and 

ensure mechanical integrity can have significant positive 

impacts. By considering and integrating technology as 

part of the wellsite delivery efficiency, it ensures longer 

time between maintenance, makes maintenance safer 

and easier and increases overall productivity by improv-

ing pumping time and efficiency.

In-house engineering, manufacturing and mainte-

nance are crucial to creating agile and responsive solu-

tions. The engineering support and maintenance func-

tions are under the same roof at BJ, enabling its teams 

to collaborate effectively and quickly respond to evolv-

ing conditions. Teams work together to deliver a mod-

ern, scalable fleet that offers maximum horsepower for 

longer laterals, thus servicing longer horizontal wells 

with more stages and high-rate pressure pumping.

Planning for the future
The company has implemented integrated, real-time mea-

surement and predictability to improve pumping efficiency, 

minimize unplanned interruptions and deliver value. This 

allows the team to determine and address potential prema-

ture equipment failures before they occur in the field.

Applying the learning of other industries, parallels 

can be drawn in the evolution of equipment where the 

first solutions attempted to correct single points of fail-

ure, making individual components stronger and more 

durable. Past experience has shown that this approach 

has limited impact on overall improvement. Anticipating 

failure and engineering the system for a higher overall 

tolerance with components that work together is the 

first step to perfection. 

Next, BJ is building 

field automation sys-

tems that enable higher 

speed of knowledge to 

get the right informa-

tion to the right person 

to make the right deci-

sion at the right time. 

Fracturing fleets will be 

engineered with future 

foresight around maxi-

mizing efficiency and 

ensuring unconventional 

resources are economi-

cally viable. Equipment 

solutions that meet the 

needs of today and antic-

ipate future industry 

challenges will continue 

to best serve clients and 

the industry. 
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The redesigned blender handles the demands for longer laterals, higher volumes and less maintenance. 

(Source: BJ Services)
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Matt Vogel and Julie Villalobos,  

Gradiant Energy Services

U
ntil recently, water has not played a critical role in 

the economics of developing a well in the oil and 

gas industry. Now water plays an integral role in drilling, 

completions, production and all other aspects of well 

development, and E&P operators are faced with numer-

ous costs involving the sourcing, transfer, storage and 

disposal of large volumes of water. The issue of water 

will continue to emerge as one of the leading obstacles 

for modern production companies to consider. Effi-

ciency and economics have always driven innovation and 

developed technology and solutions for the challenges 

of the industry—it is no different with the water chal-

lenges operators are confronted with today. The increas-

ing lateral length of wellbores continues to bring added 

efficiency to production and development but with a 

cost of increased water demand.

Life cycle of water in the oil field
As fracturing jobs become bigger and lateral lengths 

continue to increase, more water is needed and at an 

increased cost for operators. A fracturing job in the 

Permian Basin often requires more than 500,000 bbl 

of water, if not twice that amount, depending on the 

lateral length. A large service company recently released 

information showing an internal push for operators to 

invest in building “super pads” that contain 24 to 40 

wells in one location. Quick calculations can indicate 

just how much water is being handled at these locations, 

and the demand is only going to grow in proportion to 

the needs of hydraulic fracturing operations.

Not only is more water being pumped downhole, but 

the industry also has seen an unprecedented amount 

of water usage once wells are in production, specifically 

in the Permian Basin. Water-oil ratios can range from 

as low as 3:1 for some wells in the Rockies to as high as 

15:1 in the Permian Basin. For every unit of oil or gas 

produced, wells are generally producing significantly 

more water, and traditionally, this water has been dis-

posed of in saltwater disposal wells. 

Depending on fault lines and disposal depths, there 

have been seismicity issues related to water disposal, 

particularly in Oklahoma. The West Texas region also 

has experienced more seismicity with increased activ-

ity levels. A looming question for the industry is what 

future regulations will look like for water disposal. 

Examining the water challenge
Emerging technologies tackle issues with longer laterals and increased water demand.

Gradiant Energy Services recycles 10,000 bbl/d in the Delaware Basin with its SCE system. (Source: Gradiant Energy Services)
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The process to obtain a permit to drill a disposal well 

has increased significantly in the last few months. In 

addition, trucks with loads of water are often taking 

hours at a disposal site to offload due to the number of 

backlogged trucks in line at the facility. Some worry and 

speculate that the industry will reach the capacity limita-

tions for these wells.

With all of the water issues, most oil and gas operators 

have a team of engineers dedicated to developing solu-

tions that are cost-effective for their operations when 

it comes to handling all water logistics, sourcing and 

disposal. Not only are these teams actively evaluating 

cost-effective solutions, but they are also researching 

environmentally responsible solutions. 

Trucking results in higher traffic, resulting in elevated 

levels of emissions as well as increased potential for vehicle 

accidents in the respective communities in which opera-

tions are underway. Being able to reuse water close to the 

source, piping water or centralizing water treatment facil-

ities can greatly reduce the amount of trucking required 

for water disposal purposes and has a positive environmen-

tal impact on the surrounding community. How an oper-

ator’s water is transformed and what specific treatment is 

needed varies by case. The plan of action for water treat-

ment is dependent upon the volume and the quality of 

the water produced. Several options for proper treatment 

exist in today’s water market that allow cost-effective and 

environmentally sound solutions for operators.

Water quality and technological application
When it comes to the water resources needed for fracture 

design and reservoir, oil and gas operators are still trying 

to determine what the best key performance indicators 

should be for water quality. Gradiant Energy Services (GES) 

recognizes the need to treat water at various water quality 

levels. As a result, operators have a choice when it comes 

to treatment level and pricing level to reuse produced and 

flowback water for future fracturing operations.

For example, an operator can utilize freshwater or 

produced water for a fracturing operation. In either 

case the water has to be treated for bacteria. One option 

available is Free Radical Disinfection (FRD). This oxi-

dizing disinfection technology is a safe, environmentally 

friendly bacteria treatment solution. FRD uses electrol-

ysis to generate a mixed oxidant solution, including 

multiple free radicals, which is injected into the water 

stream. Operationally, it is manned by one individual 

that works alongside the fracturing crew, treating up to 

120 bbl/min. The oxidation reduction potential level of 

the water is increased using the technology at a fraction 

of the cost of traditional chemical biocides.

The next level of treatment encompasses recycling 

to a clean brine, which can potentially be achieved 

through many traditional water treatment techniques. 

However, not all of these techniques can be achieved 

consistently due to changing influent water qualities 

as seen in oil and gas produced water. GES’ Selective 

Chemical Extraction (SCE) technology has provided 

operators with water that consistently meets specifi-

cations. Challenging parameters such as iron have 

been treated with the system to levels of 0.5 ppm. The 

chemical precipitation process is controlled through 

an algorithm, which GES engineers utilize with a 

chemical plan to reduce chemical consumption and 

cost. The clarifier removes solids from the system 

unlike traditional systems.

Water quality can still be achieved to yet even a 

higher standard through GES’ Carrier Gas Extraction 

desalination system. This system uses a technology of 

the bubble column to replicate the humidification/

dehumidification that occurs in a natural rain cycle. 

Throughout the process, water is purified to a level 

close to that of drinking water. The system provides 

operators with an option to not only recycle water 

during fracturing operations but to potentially reuse 

the water for agricultural purposes. 

Finally, operators that face disposal restrictions have 

turned to GES to utilize evaporation technology. The 

Carrier Gas Concentrator (CGC) achieves evaporation 

by multistage bubble column humidification at high 

rates of heat and mass transfer. CGC technology not 

only requires less energy than traditional evaporation, it 

does not heat the water directly, which allows minimized 

emissions. CGC provides a safe, cost-effective and envi-

ronmentally friendly option to dispose of wastewater by 

evaporating the water and releasing the water vapor into 

the atmosphere with a deployable, mobile system.  

Looking ahead
Technology and efficiency will continue to drive innova-

tion within the oil and gas industry. Efficiency is critical in 

drilling and completions as well as in the arena of water 

usage and disposal. As the oil and gas industry continues 

to learn more about how water quality impacts its wells 

and reservoirs, the industry can expect technology to pro-

vide welcome assistance in shaping how water is handled 

from sourcing, storage, transfer and disposal. The vol-

umes of water the industry is handling are significant, and 

the responsibility to handle water cost effectively while 

being mindful of the environment will become increas-

ingly important to the industry and the communities it 

operates within. 
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Adam Harper, Hexion 

I
n 2016 the Occupational Safety and Health Admin-

istration (OSHA) adopted a new standard for the 

control of respirable crystalline silica. Fracturing 

sand suppliers, transporters and consumers will be 

required to implement solutions to be in compliance 

with OSHA standard 1910.1053. The standard states 

that an employer shall ensure that no employee is 

exposed to an airborne concentration of respirable 

silica in excess of 50 µg/cu. m of air. The permissible 

exposure limit (PEL) is calculated as an eight-hour 

time weighted average.

Employers are required to conduct exposure assess-

ments, implement medical surveillance programs and 

put engineering controls in place to ensure a safe work 

environment for employees, as needed. These require-

ments went into effect on June 23 for the hydraulic 

fracturing industry.

Although the PEL is set at 50 µg/cu. m 

of air, the action level of 25 µg/cu. m of air 

is an important target for fracturing sand 

users. If an employer can demonstrate that 

respirable silica exposure is below the action 

level, the medical surveillance and engineer-

ing control requirements do not apply. 

Mechanical versus chemical  
dust control 
Solutions for dust control in the sand 

industry can be broken into two categories: 

mechanical and chemical. Mechanical solu-

tions, such as vacuum dust collection systems, 

are only effective at single points in the sand 

life cycle. When sand is transferred (by belt or 

pneumatically) abrasion can occur, which typ-

ically results in the generation of more respirable crys-

talline silica. Separate control mechanisms would likely 

need to be put into place at sand mines, sand transfer 

locations (transloads) and well sites. 

Additionally, mechanical solutions will result in the 

collection of respirable silica dust that will need to be 

disposed of properly. Other concerns with mechanical 

solutions include mechanical system failures, equip-

ment maintenance and personnel exposure. All of these 

will result in added cost for the end user.

Chemical dust control solutions can be applied a sin-

gle time at the first stage of the sand supply chain and 

remain effective until the sand is pumped downhole. If 

a chemical dust suppressant is applied at the sand mine, 

no further measures are needed at transfer points or at 

the well site. No silica dust would be collected, eliminat-

ing the need for disposal.

Integrated dust control
Hexion’s Sentinel dust suppressant is an economical 

system designed to reduce the amount of respirable crys-

talline silica to levels below the new OSHA action level. 

The delivery system is designed to coat the sand with a 

protective dust suppressant. This not only traps small 

particles and dust but also reduces the generation of 

respirable crystalline silica from the sand caused by attri-

tion during proppant transportation and conveyance by 

pneumatic transfer.

This chemical solution is effective on all mesh sizes 

including 100 mesh. The chemical delivery system has 

a small footprint and can be configured as a mobile or 

stationary unit. It can be deployed at any stage in the 

sand life cycle, from the sand mine to the wellhead. 

Sand treated by the Sentinel dust suppressant was 

subjected to ball milling to simulate the abuse that 

sand can encounter during multiple sand transfers. In 

Bustin’ dust 

An integrated system enables compliance with new OSHA dust regulations.

FIGURE 1. The results from a ball milling test demonstrated Sentinel’s  

effectiveness during sand transfers. (Source: Hexion)
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the ball milling test, sand was put into a rotating cylin-

der with large ceramic balls that pulverized the sand. 

Turbidity measurements were taken at different time 

intervals during the ball milling test to determine the 

amount of new dust that was generated. Figure 1 shows 

the results of these tests. The 100 mesh sand treated 

with the Sentinel dust suppressant maintained low levels 

of dust, while the untreated 100 mesh sand increased 

levels of dust at each time interval. The Sentinel dust 

suppressant is compatible with most commonly used 

fracturing additives.

Application system
The Sentinel dust suppressant is a ready-to-use chemical that 

does not require mixing systems or dilution. The application 

mechanism requires compressed air and can be configured 

to fit any vertical fall of proppant. The chemical delivery sys-

tem has a small footprint, which can be fully contained on a 

trailer providing movement flexibility.

The high-speed treatment process was designed to 

support the industry’s fastest loading times. The appli-

cation system has been tested up to a 750,000-lb/hr 

loading rate. The maximum load rate for the unit has 

yet to be reached.

Because the chemical is applied as an atomized fog, a 

relatively small amount of the dust suppressant can treat 

a large quantity of sand. One standard size tote of it will 

effectively treat about 1 MMlb of sand. Actual coating 

amounts may vary depending on the initial dust content 

of the sand. 

Field trials
Multiple trials have been con-

ducted to demonstrate the dust 

suppressant’s effectiveness at 

controlling respirable crystalline 

silica in the field. One such test was 

conducted at a rail yard in Central 

Texas. Treated and untreated 100 

mesh sand were transferred from a 

truck to an open roll-off bin using 

a mobile conveyor (Figure 2). 

The sand was allowed to fall from 

a height of about 7 m (25 ft). A 

measurement instrument was used 

to record the amount of respirable 

crystalline silica generated. The 

100 mesh sand treated with the 

dust suppressant had a respirable 

crystalline silica level of 16 µg/cu. 

m of air, while the untreated 100 

mesh had a respirable crystalline silica level of 1,470 µg/

cu. m of air (Figure 3).

A treatment trial was conducted at a sand mine, also 

located in Texas. The applicator was affixed to a vertical 

fall of sand before the load out area of the mine facility. 

The applicator was able to effectively treat the 40/70 

mesh sand with no impact to the loading rate. 

Users of the Sentinel dust suppressant treated sand 

may also see a benefit to well production. Because the 

dust particles are immobilized by the coating, they are 

not able to migrate through the proppant pack and 

block pathways for hydrocarbon to flow. Silica dust par-

ticles are essentially proppant fines. 

References available.
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FIGURE 2. The Sentinel dust applicator is used at a sand mine (left) 

and is attached to a mobile conveyor (right). (Source: Hexion)

FIGURE 3. A transfer trial that compared treated 100 mesh sand and untreated 100 mesh sand 

displayed easily visible results. (Source: Hexion)
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Jason Baihly, Schlumberger

I
n a market continuing to experience commodity price 

uncertainty, operators looking to boost field economics 

turn to refracturing as a cost-effective alternative to drill-

ing new wells. Hundreds of horizontal wells have been 

refractured in unconventional basins throughout North 

America to re-establish reservoir connectivity, target previ-

ously under- or unstimulated zones and restore production. 

Despite greater understanding of fracture geometry and 

innovations in downhole surveillance tools and diversion 

techniques, refracturing results have remained inconsistent.

Refracturing has long been used effectively in vertical 

wells. However, the geologic complexities of unconven-

tional formations present unique challenges, starting 

with candidate selection. Refracture modeling helps 

manage economic risks by enabling engineers to bet-

ter determine what is happening downhole and more 

reliably predict production results before capital is 

deployed. Modeling enables engineers to consider mul-

tiple refracturing scenarios and examine the impact on 

offset wells when a nearby well is refractured. 

Refracture modeling remains problematic, primarily 

due to reservoir depletion, which results in decreased 

pore pressure and in situ stress, and lateral coverage 

challenges. Degradable chemical diverters, mechanical 

isolation methods and combinations of both have been 

used to improve coverage and connectivity. Because 

chemical diverters are bullheaded from the surface, it 

is difficult to know exactly where they go and how they 

affect ensuing fluid and proppant. Even with mechanical 

isolation, the fluid may travel down the annulus between 

the casing and formation to a previously depleted zone. 

A clear methodology for numerically simulating refrac-

tures would improve the efficacy of refracture modeling.

Numerical simulation methodology
To address depletion and lateral coverage issues, 

Schlumberger developed an integrated refracturing 

workflow that models refracture treatments in a numer-

ical simulator to assess performance of previously refrac-

tured wells and better predict the performance of future 

refractured wells. As described in SPE 187236 “Proposed 

Refracturing Methodology in the Haynesville Shale,” the 

multidisciplinary workflow combines complex hydraulic 

fracture models, geomechanical models and multiwell 

production simulation. In its first implementation, it was 

used to optimize the refracturing strategy for a multiwell 

pad in the dry gas window of the Haynesville Shale.

At the heart of the workflow, the refracture numerical 

simulation methodology accounts for historical produc-

tion depletion using calculated pressure and stress values 

along the lateral and in the reservoir. The altered stress 

fields resulting from reservoir depletion are then calcu-

lated through the workflow, which combines simulated 

3-D reservoir pressure with a geomechanical finite-ele-

ment model to quantify changes to the magnitude and 

azimuth of in situ stresses. The altered stress field provides 

input for modeling the new fracture system created by the 

refracturing treatment, which is validated by production 

history-matching data from a previously refractured well.

Divided into four main phases, the workflow is enabled 

by the Petrel E&P software platform to combine multiple 

disciplines and facilitate workflow standardization (Figure 

1). The platform incorporates the Kinetix Shale reservoir- 

Raising the bar on  
refracture modeling

An integrated workflow expands the understanding of  

depletion and lateral coverage for multiwell pads.  

FIGURE 1. The integrated workflow simplifies multiwell pad 

refracturing simulation and improves accuracy of predictions. 

(Source: Schlumberger)
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centric stimula-

tion-to-production 

software, integrating 

geophysics, geology, 

petrophysics, com-

pletion engineering, 

reservoir engineer-

ing and geome-

chanics to ensure 

data integrity. The 

software predicts the 

structure of the new 

fractures to enable a 

production forecast. 

Applications in 
the Haynesville
The integrated refracturing workflow was applied for the 

first time in 2016 in the overpressured Haynesville Shale, 

the only dry gas play that has shown repeatable economic 

viability for refracturing. The overpressured nature of the 

play along with fracture conductivity loss and proppant 

damage resulting in underperformance and steep pro-

duction declines make Haynesville wells ideal for refrac-

turing to reconnect damaged fracture networks with the 

wellbore while attempting to stimulate new rock.

For this project, a seismic-to-simulation single-well 

workflow was expanded to an entire pad where four 

target wells and two offsets could be modeled simulta-

neously. First, the engineers assessed the original pore 

pressure and stress, building a static geomodel using 

petrophysical and mechanical information from a pilot 

hole, and treating pressures history-matched to micro-

seismic data for an offset well. The microseismic data 

were used to calibrate the static model used in the sim-

ulation study.

Modeling a refracture treatment
The second phase involved fracture modeling and pro-

duction history-matching the four study wells. Reservoir 

depletion from two offset wells also was modeled to assess 

its impact on the study wells. The simulated 3-D reservoir 

pressure and geomechanical finite-element model were 

coupled to model how depletion changed the magnitude 

and orientation of the in situ stresses (Figure 2). 

The model was then validated by history-matching the 

post-refracturing production of a real refractured well. 

To account for reservoir production, depletion and cor-

responding stress changes before the refracture treat-

ment, the prerefracturing production history for the 

refractured well and three offset wells were matched.

Finally, the validated model was applied to the origi-

nal study pad using a workflow, developed around the 

newly calculated stress values, that assumes 

• Fractures during the refracture treatment start 

propagating at the lowest-stress clusters first; and

• The entire wellbore can be uniformly treated.

The study modeled several sensitivities, including 

the ideal number of wells to refracture, treatment 

sequence, treatment volumes and time to refracture. 

Measurements from other studies show that it is chal-

lenging to obtain full wellbore treatment with chem-

ical diverters; therefore, additional sensitivities were 

generated to understand the production effect of not 

achieving full wellbore coverage.

Conclusion
The refracturing methodology, which also is applicable 

to mechanical-chemical hybrid type refractures, provides 

a comprehensive guideline for modeling multiple refrac-

tured wells on a pad, evaluating previously refractured 

wells, enhancing understanding of how reservoir deple-

tion affects fracture orientation, and optimizing a refrac-

turing treatment design. The workflow found that the 

longer the well produces, the greater the magnitide and 

extent of depletion in the fracture area will be, resulting 

in a greater reduction of in situ stress and pressure. 

Because the fractures are not symmetrical, their 

depletion effect increases the heterogeneity of the stress 

profile along the wellbore, significantly increasing the 

challenge for refracturing. Refracturing geometries may 

be constrained in these depleted areas, following the 

path of lowest stress caused by the reduction in pres-

sure. The study also provided a callibration of expecta-

tions for refracturing the pad and optimizing the refrac-

ture designs before deploying capital. 

COVER STORY:  

SHALE TECHNOLOGIES

FIGURE 2. The second phase of the modeling process focused on assessing how depletion changed the in situ 

stress magnitude and orientation. (Source: Schlumberger)
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Rair Barraez, Stage Completions

T
he onset of the shale boom has been a result of 

the application of technical innovations and the 

realization of cost reductions to increase EUR. Among 

these innovations has been the incorporation of sliding 

sleeves into multistage horizontal completions.  

Sliding sleeves have also recently been run as integral 

components of cemented casing strings. A wiper dart 

is run through the sliding sleeve inside diameter (ID) 

during the cementing process and the ball seat is wiped 

clean. In this process the sleeves are opened and the 

stimulation pressure applied through the ports breaks 

through the casing cement sheath to allow fracture treat-

ment directly at the sliding sleeve. As in openhole appli-

cations, the cemented sliding sleeves allow single-point 

entry stimulation to be initiated at the open ports.

For coiled tubing (CT)-activated sliding sleeve appli-

cations, each individually opened sleeve allows a single- 

point entry stimulation treatment to be initiated at 

the open ports, and downtime between treatments is 

reduced since e-line plugs and perforating are elimi-

nated. However, for CT applications the flow path for 

stimulation pumping is the annular area between the 

outside of the CT and liner ID. This is a reduced area 

compared to the fullbore liner flow area and can poten-

tially limit the pump rate, which can be applied during 

treatment. Also, friction between the CT and liner wall 

can limit the length of reach within a lateral to access 

sliding sleeves. 

As with the CT-activated system, the ball-drop system 

allows a single-point entry fracture treatment to be ini-

tiated through the open ports of the sleeve, and down-

time between pumping operations is reduced due to the 

elimination of e-line operations associated with setting 

plugs and perforating. There can be limitations unique 

to this system, however. Originally, the ball and seats 

were graduated in ¼-in. increments, and the reduction 

in seat IDs quickly reduced the number of sliding sleeves 

that could be run in a lateral. The designs progressively 

improved to incorporate more ball seat IDs along with 

methods to activate multiple sliding sleeves having the 

same ID in a given stage. The ability to mill out seat IDs 

also is incorporated in some designs. The ball-drop sys-

tem has the capability to incorporate up to 50 stages, but 

the ever-growing demand for longer laterals may present 

renewed challenges. 

Addressing design challenges
Stage Completions’ new collet-activated sliding sleeve 

fracturing system, the SC Bowhead II, addresses poten-

tial design limitations of traditional single-point entry 

systems and can be utilized in openhole or cased-hole 

applications. The sliding sleeves have only one moving 

part and are installed integrally with the casing string 

or liner and offer multiple profile length internal con-

figurations. A collet assembly with a matching profile is 

pumped down hole with a dissolvable ball seated on top 

of the collet. The collet will pass through the bore of all 

sliding sleeves it encounters without engaging until it 

reaches the sleeve, which has the same matching inter-

nal profile. 

At this point the collet will engage the matching pro-

file in the sleeve and casing pressure can be applied 

Collet-activated sleeve meets  
demand challenges  

A new sliding sleeve fracturing tool addresses limitations of single-point entry systems. 

The SC Bowhead II is a single-point entry system designed for  

cased-hole and openhole applications. (Source: Stage Completions)
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to shift the sleeve downward and latch into position 

while exposing the open ports of the sleeve. The open 

ports are located above the ball and collet and provide 

a point of initiation for the stimulation treatment. The 

dissolvable ball will flow off seat with minimal differen-

tial pressure due to a unique carrier design while the 

collet remains locked into the valve housing. 

The collet allows the liner to be full-drift diameter to 

the surface while fracturing each stage, thus reducing 

friction pressures and pumping time. An equal large-

bore diameter through each collet after the fracture 

process allows maximum flowback recovery without 

intervention. Large-bore access allows cleanouts from 

heel to toe with no restrictions in coil or tubing size. 

However, this large bore of the collet is slightly less 

than liner fullbore. If full liner drift is desired, the col-

lets can be retrieved at any time with CT, and sleeves 

also can be reclosed for water shutoff or for future 

refracturing processes.

The future of single-point technology
Data compiled in the field indicate that single-point 

entry completion technology offers technical advan-

tages for drilling operators mindful of innovation. 

Single-point entry technology is geared toward effi-

ciently planning and optimizing wells with control 

and predictability.  

The implementation of 

the SC Bowhead II, a single 

system that meets the design-

change demand limitations of 

traditional single-point entry 

fracturing systems, has resulted 

in potential cost reductions for 

hydraulic fracturing operations 

in a variety of ways for oper-

ators watching their bottom 

line in the field. Operators also 

have reported they have expe-

rienced better real-time control 

during pumping operations, 

and more accurate treatment 

modeling has translated into 

improved production results 

that have provided across-the-

board cost savings.

An operator in the Eagle 

Ford Shale documented that it 

completed an extended-reach 

well with 116 SC Bowhead II 

collet-activated cementable 

sliding sleeves. During this deployment and installation 

of the 15,000-psi system, the operator was able to gain 

efficiencies by prebucking the SC Bowhead II valves to 

the casing joints allowing a safer handling of equipment 

on the rig floor, reduced installation time and much 

tighter fracture stage spacing. 

In additional hydraulic fracturing operations, 117 

intervals were stimulated with the Bowhead system in 

what was documented as a record time of 160 hours 

while accurately placing 11.6 MMlb of sand and 361,000 

bbl of fluid at a maximum sand concentration of 4.7 

ppg and a 42-bbl/min average rate. The success of the 

operation was deemed to be a result of running a dis-

solvable ball on a collet that activates the sliding sleeves 

and eliminates the need of employing CT or wireline 

into the fracturing process. 

When it comes to higher pump rates, the Bowhead 

series has a constant ID throughout the wellbore that 

facilitates sustaining these higher pump rates and 

higher sand concentrations. Furthermore, eliminating 

CT and ball seats creates reduced friction during the 

fracturing treatment and has decreased the required 

horsepower of fracturing operations by as much as 60%. 

The result has allowed operators to maximize efficiency 

by successfully optimizing every stage and augment the 

ability of operators to stimulate reservoir volume. 

The SC Bowhead II works as a dissolvable ball- and collet-activated fracturing sleeve system. 

(Source: Stage Completions)
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SHALE TECHNOLOGY  

SHOWCASE

Advances in shale technologies keep drillbits  

spinning and pumpjacks pumping in unconventional 

resource plays across the U.S.  (Photo by Tom Fox, 

courtesy of Oil and Gas Investor)
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SHALE TECHNOLOGY 

SHOWCASE

Shale 
Technology

SHOWCASE 

In this special section E&P highlights some 
of the latest products and technologies 

for shale and examines how they will 

benefit companies in their ongoing 

search for improved production and more 

effective operating techniques. n

EditorÕs note: The copy herein is contributed 

from service companies and does not refl ect the 

opinions of Hart Energy.

https://www.epmag.com/


July 2018   |   EPmag.com48

In the Delaware Basin in Texas, an operator was 

experiencing erratic drilling performance in 12¼-in. 

intermediate sections running through interbedded 

shale, limestone and salt, driving up nonproductive time 

(NPT) and costs. Based on the operator’s challenges, 

Baker Hughes, a GE company, proposed using a Terr-

Adapt adaptive drillbit to improve drilling performance 

and reduce NPT by proactively mitigating stick/slip and 

impact loading. It incorporates self-adjusting depth-of-cut 

control elements to mitigate torsional instability—which 

can lead to stick/slip—and to absorb sudden impact loads 

from formation variations. The TerrAdapt bit completed 

the 1,023-m (3,355-ft) section in one run, increasing ROP 

by 27% compared to ROP on offset wells drilled with stan-

dard PDC bits. ROP averaged 168 ft/hr, and the surface 

torque generated by the TerrAdapt bit was 45% lower on 

average and 90% more consistent. bakerhughes.com n

CORTEC’s CRV26 Pressure Relief Valve (PRV)  

is designed to offer users the safety, reliability  

and rapid response functions required to meet 

modern drilling challenges. The CRV26 

has been engineered to protect drill-

ing systems against the dangers of 

overpressurization and is the first of 

its kind of be rated to 10,000-psi systems. 

Automated PRVs provide the highest level 

of accuracy and reliability and are auto-

matic or manually resettable for thou-

sands of cycles. Applications in the 

field include fracture system relief, 

mud pump relief and managed- 

pressure drilling. uscortec.com n

DRILLBIT PROACTIVELY MITIGATES STICK/SLIP, IMPACT LOADING

VALVE PROTECTS DRILLING SYSTEMS AGAINST DANGERS OF OVERPRESSURIZATION

Cubility’s MudCube is a com-

pact, lightweight solids control 

solution that uses a vacuum-based/

rotating screen filtration system. 

Enabling the MudCube to be rap-

idly and inexpensively installed 

on shale rigs and well pads, Hous-

ton-based Stage 3 Separation (S3S) 

has incorporated the MudCube 

into its mobile and modular S3S 

Performance Platform for onshore 

shale operations. Additional ana-

lytics also is under development 

to further improve the MudCube. 

The MudCube meets the cost 

and operational challenges of 

returns-focused shale operators. 

This includes rapid deployment 

on well pads, limited space and 

manpower requirements, and fast 

mobilization/demobilization. The 

MudCube and its separation capa-

bilities result in more drilling fluid 

recycled back to the mud tanks 

and less waste. MudCubes also can 

process 100% of the circulating 

volume, immediately increasing 

performance with up to 80% more 

drilling fluid processed than other 

technologies, which is critical given 

the extremely high flow rates of  

the latest shale drilling rigs and  

the need for immediate returns. 

cubility.com. n

TECHNOLOGY HELPS REDUCE DRILLING FLUID WASTE 

DRILLING

The TerrAdapt adaptive drillbit improves bit performance and 

bottomhole assembly life by proactively mitigating stick/slip and 

impact loading without any interaction from surface. (Source: 

Baker Hughes, a GE company)

The CRV26 protects from overpressurization. 

(Source: CORTEC)

The S3S Performance Platform with the MudCube 

incorporated into the system was designed for 

onshore shale operations. (Source: Cubility)
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Gardner Denver’s next-generation fluid 

end helps operators extend the life 

of their pressure pumping equipment by 

reducing operating stresses in pumping appli-

cations. Using proven Falcon Technology, 

Redline Packing and Thunder elements, the 

service-friendly design reduces maintenance 

time for valve, plunger and packing changes 

while also extending life. Additionally, Falcon 

Technology eliminates alignment require-

ments for suction covers and requires no spe-

cial tooling to install, reducing nonproductive 

time. Features of the next-generation fluid 

end include optimized internal chamber and 

seat deck geometry that reduces stress; 3.5 

times or more fatigue life over competing products; utilizes standard Gardner Denver 

internal components; and has direct interchangeability with the previous generation. 

Additionally, a new front face design improves structural integrity and distinguishes 

next-generation from older-generation fluid ends. gardnerdenver.com n

Ikon Science offers new rock 

physics models (RPMs) and 

RPM templates for unconven-

tional shale reservoirs in RokDoc. 

One of the key links in the chain 

for quantitative interpretation in 

unconventional settings is rock 

physics, which can be used to 

explain relationships between 

seismic attributes and reservoir 

parameters. RPMs can be cali-

brated using log and core data 

and then organized into RPM 

templates to provide the nec-

essary framework for log and 

seismic derived property analysis 

in terms of important organic 

mudrock parameters such as 

total organic carbon (TOC), 

porosity and effective stress. The 

end result is an ability to tackle huge data volumes and vast geography, making sys-

tematic and repeatable workflows that can be rolled out across basins. Robust rock 

physics modeling gives us the ability to quickly create and test scenarios, capturing 

uncertainties and allowing us to consistently rank opportunities across portfolios, 

leading to faster decisions and more reliable well placements and completions, 

thus maximizing the ultimate recovery. ikonscience.com n

FLUID END REDUCES OPERATING STRESSES IN  
PUMPING APPLICATIONS

RPMs HELP TACKLE DATA VOLUMES AND VAST GEOGRAPHY

DRILLING

Gardner Denver’s next-generation fluid 

end offers Thunder elements, Redline 

Packing and Falcon Technology. 

(Source: Gardner Denver)

This image shows a RokDoc crossplot of acoustic 

impedance versus TOC for several wells with the RPM 

template superposed. (Source: Ikon Science)
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MagVAR In-Field Referencing and Multi-Station 

Analysis corrections strongly reduce the wellbore 

placement uncertainty by up to 60%. Applying these 

methods significantly increase the separation factors 

between new wells drilled in congested fields. With 

increased separation factors, fewer wells will require 

dispensations and less collision risk will be encountered. 

Thus, increased separation factors further improve the 

safety of drilling campaigns in congested unconven-

tional environments. 

To increase the separation factor between a planned 

wellbore and its offset wells, the new wellbore can 

sometimes be moved or shortened. However, any such 

modifications of the well plan can result in sub-opti-

mal drainage, stranded reserves and sub-optimal field 

development. magvar.com n

The Motive Bit Guidance System improves directional 

drilling performance. This improvement is pro-

vided by taking on tasks that are better performed by a 

high-performance computer and leaving the tasks that 

are better performed by a human to the driller. The core 

functionality is to provide turn-by-turn steering instruc-

tions and feedback directly to the driller. The decisions 

are supported by automating standard directional drilling 

calculations that were previously done by the directional 

driller, but done automatically, continuously, faster and 

with more detail than is humanly possible for timely deci-

sions. The system also provides a tremendous amount of 

additional analysis of the data, performs forward modeling 

of the bit position in real time, improves communication 

between the rig and office, and automates and improves 

directional drilling reporting. 

The Motive Bit Guidance System has guided the 

drilling of more than 450 wells, resulting in better con-

sistency, reduced drilling times, less tortuous wells and 

improved production potential. motivedrilling.com n

New technology 

and improved 

drilling efficiencies 

have increased asset 

value in unconven-

tional shale. In the 

Eagle Ford, mainte-

nance of asset values 

requires engineer-

ing solutions that 

allow continuous 

improvement and

sustained profitabil-

ity. The OptiMul HP 

high-performance 

emulsifier achieves 

target fluid prop-

erties at reduced 

product concentra-

tions. The operator 

evaluated eight 

extended-reach

wells: four wells used a conventional emulsifier technology 

while the other four wells used OptiMul HP. The OptiMul 

HP wells handled solids loading better, greatly reducing

fluid loss control agent requirements. In the drilling fluids 

program, an overall total cost reduction of more than 35% 

was seen on a well-to-well basis. newpark.com n

REDUCE WELLBORE PLACEMENT UNCERTAINTY

AUTOMATED DIRECTIONAL DRILLING CALCULATIONS HELP IMPROVE PERFORMANCE

HIGH-PERFORMANCE EMULSIFIER INCREASES WELLSITE EFFICIENCIES  

The wells drilled with OptiMul HP required fewer product treatments and cost less than those using a  

conventional emulsifier package. (Source: Newpark Drilling Fluids)
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PERCENT CHANGE (CONSUMPTION) REALIZED USING OptiMul HP

DRILLING
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The Tolteq symmetric propagation resistivity (SPR) tool from National Oil-

well Varco (NOV) employs an array of symmetrically placed transmitters and 

receivers to measure formation resistivity while drilling. When run in conjunction 

with the Tolteq iSeries MWD platform, the SPR tool’s resistivity measurements can 

be transmitted in real time for geosteering applications. The tool measures atten-

uation and phase shift between two receivers and correlates those measurements 

with formation resistivity using an efficient inversion algorithm, providing bore-

hole-compensated formation resistivities with multiple depths of investigations 

and vertical resolutions. One of the shortest LWD resistivity tools on the market, 

the SPR tool’s robust mechanical design and advanced electronics minimize phase 

and attenuation noise, thus increasing measurement range and accuracy. The tool 

also provides better delineation of bed boundaries during well placement opera-

tions and improves the estimate of total hydrocarbon in place. nov.com n

TOOL MEASURES FORMATION RESISTIVITY WHILE DRILLING

Substantially reducing downhole heat and 

friction under extreme conditions drives oper-

ational results sharply upward. Field-proven at 

hundreds of drillsites, ProOne’s Nitro Drilling 

Fluid Treatment next-generation lubricant deliv-

ers 70% friction reduction and reduces torque 

by 15% to 50%. With long lateral drilling’s resur-

gence, this treatment not only reduces torque but 

uses considerably less product than ordinary lubri-

cants. Numerous case studies include a torque 

reduction from 15,550 ft-lb to an average 8,500 

ft-lb at a California site; reduced torque to allow 

completion of the longest lateral in New Mexico 

history; and a 40% drop in torque was accompa-

nied by reducing trips and drillbit changes and a 

12% ROP increase in Texas. pro1energy.com n

DRIVING TORQUE DRAMATICALLY DOWN

NOV’s new SPR tool and existing MWD portfolio combine to deliver enhanced formation  

characterization and wellbore placement. (Source: NOV)

On a major operator’s well in Canadian, Texas, torque was reduced 37% from 15,500 ft-lb  

to 9,700 ft-lb using ProOne’s lubricant and the operator reached total depth, which had  

previously been determined not possible. (Source: ProOne)

DRILLING
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The QMax MUDSTRIPPER solids control system recy-

cles and reduces water used in drilling with clear 

water or brines by up to 50%, while also reducing drill-

ing costs by up to 40%. 

The system, which can process up to a 850-gal/min 

flow rate without any interruption in drilling opera-

tions, allows higher penetration rates, lower disposal 

costs, smaller rig site locations and minimal fluids 

waste disposal. 

Traditional solids control equipment on the rig 

removes large cuttings using shakers and then passes 

the underflow through the MUDSTRIPPER where a 

flocculant is added. As fluids pass through a settling 

chamber, the flocculated solids settle, leaving clear 

fluid. Solids are transferred to a small cuttings pit or 

portable collection tank, and the clear fluid is available 

for reuse. qmax.com n

SOLIDS CONTROL SYSTEM REDUCES WATER USAGE WHILE IMPROVING DRILLING 

Drought conditions and environmental regulations, along with 

rising water and transportation costs, make water management 

a crucial component in any well planning. (Source: QMax)  

For rig providers, drill time is a top key performance 

indicator (KPI). To optimize the number of days it 

takes to drill a hole, rig owners need to keep downtime 

to a minimum and operate at peak efficiency. Rockwell 

Automation works with rig providers, like Nabors Indus-

tries, to help automate and modernize drill rig technology 

to improve efficiency and safety. Nabors’ rigs leverage 

Rockwell Automation Integrated Architecture based on 

ControlLogix control systems, PanelView human-machine 

interfaces and information solutions to capture data in 

real time and contextualize and display the data as useful 

information in a central location. Nabors’ operators and 

technicians can view KPIs like ROP, directional path, 

torque and other parameters. With real-time rig perfor-

mance, Nabors can support and service its rigs and global 

customers immediately. rockwellautomation.com  n

DrillCam is an integrated real-time 

system for imaging and predicting

ahead of the drillbit and around the 

well. It uses multiphysics measurements 

both downhole and on the surface to 

produce a real-time image surrounding 

the drillbit similar to what the doctor 

sees while operating an ultrasound. The 

DrillCam system enables controlled 

geosteering through the reservoir’s pay 

zones as well as predictions of lost cir-

culation and hazardous drilling zones,

which have a huge business impact on 

discovery, recovery and cost efficiency. 

saudiaramco.com  n

AUTOMATED DRILL RIG TECHNOLOGY IMPROVES SAFETY, EFFICIENCY

SYSTEM PRODUCES A REAL-TIME IMAGE SURROUNDING THE DRILLBIT

Nabors’ drill rigs use Rockwell Automation control and  

information solutions to capture and contextualize data in  

real time. (Source: Rockwell Automation)

DrillCam is designed to optimize drilling  

decisions, mitigate risk, increase steering 

accuracy and reduce cost.  

(Source: Saudi Aramco)
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The Schlumberger xBolt 

accelerated drilling ser-

vice eradicates surveying wait 

time and costly trips out of 

hole, while enabling better 

well placement in shale envi-

ronments. The MWD tool 

integrates a configurable 

telemetry system into a single 

tool—either ultrafast electro-

magnetic or robust mud pulse, 

or both with a dual telemetry 

option.  The service also can 

change telemetry modes in less than one minute, effectively eliminating trips. In addi-

tion, the multitelemetry service provides a well placement solution for accurate geo-

steering decisions owing to its high-density azimuthal gamma ray functionality. During 

a recent shale operation in the Midcontinent region, the service quadrupled data 

transmission rates and improved signal reliability to eliminate relogging. slb.com n

Scientific Drilling’s 

BitSub provides 

a cost-effective geo-

steering solution. 

Placed between the 

motor and the bit, the 

always-rotating BitSub 

utilizes the company’s 

WiSci technology to 

communicate with 

the MWD tool and 

provide at-bit mea-

surements back to the 

surface. This battery 

operated tool has 

onboard sensors for 

static and continuous 

inclination, focused 

natural gamma ray 

and tri-axial vibration, 

and is designed to 

work with any down-

hole motor. Along 

with total natural gamma ray, the tool provides either four or eight sector gamma 

ray borehole images in real time and 16 sector images in memory for structural 

dip processing. The primary application is geosteering, geostopping and improved 

in-zone net-to-gross wellbore position, utilizing the immediate knowledge of well-

bore deviation and formation changes. scientificdrilling.com n

ENABLING BETTER WELL PLACEMENT IN SHALE ENVIRONMENTS 

TOOL PROVIDES AT-BIT MEASUREMENTS BACK TO THE SURFACE 

The xBolt service helps operators reduce well construction 

costs while delivering accurately positioned wellbores. 

(Source: Schlumberger)

A BitSub azimuthal gamma ray image was taken from a horizontal 

well in an organic-rich shale reservoir. (Source: Scientific Drilling)

DRILLING
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Seminole Services LLC offers metal-formed liner hang-

ers to advance shale drilling and completion opera-

tions through well construction and well integrity tools. 

Designed specifically for shale operators, the company’s 

recently developed 4½-in.-by-7-in. PowerScrew liner 

hanger allows longer liner runs, larger completion tools 

and priority placement of pressure-activated equipment 

in a production string. The tool was created to minimize 

reliability risks while offsetting  costs associated with other 

expandable hangers and long-string casing designs. Also, 

with the company’s mechanical setting process, safety risks 

from high-pressure, high-compression loads and cone 

extraction have been engineered out of the tool, creating 

more value than cost savings alone. seminole-services.com n

In the Delaware Basin concave SCOOP cutters devel-

oped by Varel Oil & Gas Drill Bits have significantly 

enhanced penetration rates. The first regional run of a 

PDC bit equipped with the nonplanar, shaped cutters 

drilled the lateral in the Bone Spring Formation’s shaly 

sand at 71.1 m (233.4 ft) per hour compared to an offset 

average of 54.1 m (177.5 ft) per hour. The achievement 

follows similar performance of prototype cutters in the 

fine-grained sandstone, shale and conglomerate of Okla-

homa’s Oswego Formation. The shaped cutters produce a 

variable back rake described by the radius of the concave 

surface—as the cutter shears deeper into the rock, the 

concave face presents a progressively higher effective back 

rake. The resulting increase in efficiency achieves greater 

ROP for an equivalent weight on bit. varelintl.com n

Drilling efficiency is the key to unconventional success. 

The autonomous Anti Stick-slip Technology (AST) of 

Tomax is installed close to the drillbit and will stabilize the 

loading of the bit within 20 ms. Together with the reduction 

in tool damage, the efficiency advantage compared to surface 

controls has driven a fivefold increase in AST use every year 

since 2015, even through the downturn in oil prices. The tool 

is designed for minimal friction through curvatures with an 

ability to absorb more energetic, high-frequency torsional 

vibrations compared to previous generation tools. tomax.no n

LINER HANGER SYSTEMS ALLOW LONGER LINER RUNS, LARGER COMPLETION TOOLS

CUTTER SCOOPS SHALE, INCREASES EFFICIENCY

THIRD-GENERATION TOOL STABILIZES BIT LOADING 

The new Curve generation of Tomax AST tools is designed for unconventional drilling efficiency. (Source: Tomax)

The shaped cutters produce a variable back rake.

(Source: Varel International)
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R espirable crystalline silica dust control continues to 

be an ongoing challenge for the hydraulic fracturing 

industry. One engineering control that effectively addresses 

this problem is ArrMaz’s SandTec, a chemical coating tech-

nology for fracture sand. Field results prove that SandTec 

reduces respirable silica dust by up to 99% and below the 

U.S. Occupational Safety and Health Administration’s per-

missible exposure limit and action level across the hydraulic 

fracturing supply chain. SandTec simplifies fracture sand 

logistics and  does not occupy valuable real estate on the 

fracturing site. It is compatible with a wide variety of fracture 

fluids and is environmentally friendly. arrmaz.com n

The GameChanger perforating system from C&J 

Energy Services features a semi-disposable gun 

assembly designed to increase efficiency and reliability 

by eliminating the misruns and resulting nonproduc-

tive time (NPT) associated with traditional gun systems. 

Compatible with all manufacturers’ shaped charges, 

the port-free design eliminates pinch points that can 

damage electrical connections, has no port plugs that 

can get lodged in the well and significantly decreases 

the chance of flooded guns. Addressable switches 

provide real-time confirmation throughout the down-

hole descent and, with no wires running between 

guns, the GameChanger system provides a high level 

of confidence in the wellbore. Using the compact C&J 

top sub and plug shoot sleeve, the system reduces the 

length and weight of the gun string, which requires 

less rigup equipment and provides safer onsite han-

dling. cjenergy.com n

Aqua Terra Water Management and DeNora Water 

Technologies have partnered to begin recycling 

produced and flowback water at Aqua Terra’s saltwater 

disposal injection facilities. The DeNora technology recy-

cles water from gathering facilities or disposal wells to 

lower producers’ costs and potentially eliminate the use of 

freshwater for fracturing. Through a complete inner loop 

system, this partnership will reduce truck traffic and the 

carbon footprint of trucked water making roads safer. Aqua 

Terra partners with producers to provide infield disposals 

and pipelines to further reduce truck traffic. The use of 

pipelines tied to injection facilities reduces producers’ 

costs providing higher rates of return on projects. With the 

current drought in operating regions, this partnership and 

technology is designed to help save aquifers throughout the 

industry. aquaterrawatermanagement.com, denora.com n

SILICA DUST CONTROL FRACTURE SAND COATING TECHNOLOGY

COMPANIES PARTNER TO BEGIN RECYCLING PRODUCED AND FLOWBACK WATER

PERFORATING SYSTEM ELIMINATES MISRUNS, NPT

Aqua Terra’s pipeline injection facility is located in Glasscock 

County, Texas. (Source: Aqua Terra Water Management) 

This comparison shows untreated fracture sand versus fracture sand treated with SandTec. (Source: ArrMaz)
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New to the CARBO suite of proppant and fracture 

technologies, CARBOAIR is a high-transport, 

ultralow-density ceramic proppant technology 

with chemically engineered internal porosity, 

designed to increase production and EUR from 

low viscosity slickwater fracturing operations. 

CARBOAIR features superior conductivity in 

comparison with equivalent sized sand, ensuring 

it is a viable proppant in low viscosity fluids. As 

a result of its physical characteristics, increasing 

fracture length while pumping equivalent mass 

of CARBOAIR (due to its weight advantage) 

or increasing fracture networks of complexity 

(because the proppant can turn the corner 

more easily) are significant benefits. To date, 

CARBOAIR has been pumped in tail-in applica-

tions in three major basins in the U.S. and in an openhole 

gravel pack in Trinidad. carboceramics.com n

INCREASE PRODUCTION, EUR FROM SLICKWATER FRACTURING OPERATIONS

As a lead-in, CARBOAIR can provide increased propped half length, which 

increases the drainage area of the fracture. As a tail-in, CARBOAIR will 

cover more of the productive pay zone and lead to increased production. 

(Source: CARBO)

D&L Oil Tools’ ProTension safe tension tool ensures 

complete well control at all times when setting a tub-

ing string in tension using standard field procedure. While 

tension is pulled into the tubing string using ProTension, 

there is no need to remove the BOPs or to overstretch

the tubing, which is the case when using low line slips. 

Ideally suited for long reach horizontal, multistage stimu-

lated oil wells, which will eventually require artificial lift, 

ProTension is installed between the tubing hanger and the 

production tubing. Once the tubing hanger is landed, iso-

lating the annulus, tension is pulled into the tubing string 

and safely locked into place without losing well control.

The tool allows complete rotation of the tubing when set-

ting downhole tools. dloiltools.com n

DynaEnergetics’ HaloFrac formation 

tuned shaped charge was recently fea-

tured as part of an 18-month case study. The 

charge boasted a repeatable 20.3% overall 

improvement in stages completed while 

reducing treating pressure by about 10% 

on average for a major E&P company oper-

ating in the Permian Basin. The HaloFrac 

cylindrical jet design features equal entry 

hole performance and optimized tunnel  

“halo” geometry intended to address some 

of the most difficult challenges associated 

with inconsistent fracture rates, pump delay 

(pumping times) and break down pressure. 

The robust spherical fracture network cre-

ated by the HaloFrac shaped charge has 

enabled the E&P company to realize more 

than a four times increase in stage comple-

tion success rate when compared to neigh-

boring offset wells. dynaenergetics.com n

TENSION TOOL ENABLES SAFER TUBING SETTING

FORMATION TUNED SHAPED CHARGE INCREASES STAGE COMPLETION SUCCESS RATE

The HaloFrac shaped charge improves stage results connecting a spherical fracture 

network to challenging downhole formations. (Source: DynaEnergetics US Inc.)
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Evolution Well Services will soon release the second 

generation of 100% electric fracturing equipment to 

the North American market, planned for the third quarter 

of 2018.  Like the first generation, the fleet is powered by a 

single 36-MW gas turbine that is fueled 100% from the cus-

tomer’s field gas. Upgrades include a custom turbine mobi-

lized in less than 24 hours, five trailers removed from the 

footprint and an increase in power density with 6,000-hp 

electric motors, scheduled to be 7,000 hp for subsequent 

fleets. The fleet design solves many of the challenges faced 

by conventional assets. At about 82 dB, sub Tier IV standard 

emissions and 100% removal of diesel, noise and environ-

mental concerns are mostly eliminated, with fuel savings of 

90% to 95% as an added bonus. evolutionws.com n

Trailer-mounted horizontal pumps reduce the unit cost of water 

transfer, flowback, saltwater disposal, water injection and fracture 

hit protection pumping operations. Horizontal pumps, when integrated 

with hydraulic jet pumps or gas-lift systems, create robust artificial lift 

systems. GR Energy Services has proved that, when compared to con-

ventional systems, horizontal pumps, hydraulic jet pumps and/or gas-lift 

integrated systems reduce operating costs by eliminating gas locking 

and solids handling issues that cause workovers. grenergyservices.com  n

Luxfer MEL Technologies (formerly Magnesium 

Elektron) produces SoluMag dissolving magnesium 

alloys for use in dissolvable fracture plugs and balls. The 

SoluMag family of alloys allows the tool designer to apply 

the best combination of mechanical and corrosion prop-

erties for the application. SoluMag alloys are being used 

in plug-and-perf and sliding sleeve applications as dissolv-

ing fracture plug components and fracture balls in North 

American oil and gas wells. The wide range of SoluMag 

dissolving magnesium alloys were developed to give the 

designer, service company and operator the confidence 

that the material will work in downhole conditions pre-

dictably given the wide range of conditions. Giving the 

user the data on how this material performs in the range 

of operating conditions will allow the completion to go 

predictably. luxfer.com  n

The Bullmastiff from National Oilwell Varco 

(NOV) is an openhole ball-drop-activated 

multistage fracturing system that incorporates 

proppant and formation debris control. The 

system uses sand screens, which are exposed 

post-fracture, to prevent proppant flowback. By 

using a mechanical method of sand control, the 

Bullmastiff enhances well economics over a well’s 

life cycle by reducing surface facility require-

ments and improving production efficiency. The 

Bullmastiff also incorporates a ball-drop-closable 

sleeve, which allows open sleeves to be closed 

without the loss of ball-drop stages for the com-

pletion. Screen subs are activated during milling 

operations and securely locked in the open posi-

tion. Pumping operations using the Bullmastiff

are similar to traditional openhole ball-drop

operations, allowing the operator to maintain the 

stage count. Unlike with standard openhole com-

pletions, the Bullmastiff does not put the casing 

at risk of exceeding the collapse pressure of the 

casing between the packers. nov.com n

ELECTRIC FRACTURING EQUIPMENT OFFERS FUEL SAVINGS UP TO 95%

FLEXIBLE PUMPING ASSETS LOWER UNIT COST

DISSOLVABLE ALLOYS WORK IN WIDE RANGE OF CONDITIONS

MULTISTAGE FRACTURING SYSTEM PREVENTS PROPPANT FLOWBACK

Right, a trailer-mounted, flexible flow horizontal pump delivers several water  

management advantages over a wide range of rates.  

(Source: GR Energy Services)

The Bullmastiff system is ideal for fracturing/stimulating 

unconsolidated reservoirs and for wellbores with sand 

control concerns at surface. (Source: NOV)
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OriginClear’s Electro 

Water Separation 

with Advanced Oxidation 

(EWS:AOx) water treat-

ment technology removes 

suspended solids, oils and 

dissolved organics from the 

dirtiest wastewaters, offer-

ing oil and gas operators a 

cost-efficient and effective 

means of managing and 

reusing produced water 

onsite. Through a demon-

stration project on a field 

belonging to the Sinopec Group, OriginClear used a 

pilot system equipped with its EWS technology to reme-

diate hydraulic fracturing flowback water for onsite 

reuse. The EWS module demonstrated its ability to abate 

major contamination factors found in produced water, 

reducing chemical oxygen demand by more than 90%, 

ammonia by more than 80% and total suspended solids 

by more than 95%. originclear.com n

Sliding sleeve technology transformed the comple-

tions industry nearly two decades ago, and inno-

vation has steadily continued to reduce intervention 

and risk during stimulation, reduce operating time 

and cost, and maximize stimulation efficiency. Packers 

Plus’ TREX QuickPORT IV sleeve represents an evo-

lution of sliding sleeve technology for cemented liner 

completions. Multiple sleeves are grouped within a 

stage to mimic plug-and-perf limited entry stimulation, 

while erosion resistant nozzles ensure even distribution 

of stimulation fluid through each entry point in the 

cluster. Recently, 80 QuickPORT IV sleeves were run 

in a single well by an operator in the Permian Basin. 

Grouped in four-sleeve clusters to cover the first 20 

stages of a hybrid completion, the QuickPORT IV lim-

ited entry stages were stimulated in under 70 hours of 

pump time, saving the cost associated with downtime as 

well as mitigating the operational risk of intervention in 

the toe stages. packersplus.com n

R ubicon Oilfield International recently commercial-

ized its HydraSTART STV II toe valve technology. 

Operators require an accurate and reliable valve to initi-

ate the pump down process of their completion. These 

valves utilize a rupture disk that protects a piston and 

atmospheric chamber. When the rupture disk bursts, 

the well pressure acts against the piston forcing it to shift 

open into the atmospheric chamber, ultimately open-

ing the sleeve. It must perform after being cemented 

through and remaining in the well environment, 

sometimes exceeding 149 C (300 F), for months. The 

HydraSTART STV II design increases reliability by pro-

tecting the rupture disk and increasing force to open the 

valve through an industry-leading piston size. The design 

has proven reliable in more than 20 runs including in 

Haynesville Shale. rubicon-oilfield.com n

MODULE REMOVES SUSPENDED SOLIDS, OIL AND DISSOLVED ORGANICS FROM WASTEWATER

COMPLETE RESERVOIR COVERAGE WITH TRUE LIMITED ENTRY STIMULATION

PROTECTED RUPTURE DISK ENSURES OPERATIONS

OriginClear’s EWS:AOx water treatment technology offers oil and gas operators a cost-efficient and 

effective means of managing and reusing produced water onsite. (Source: OriginClear)

Packers Plus’ TREX QuickPORT IV sleeve reduces operating time 

and cost, while maximizing stimulation efficiency. (Source: Packers 

Plus Energy Services Inc.)
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Sourcewater.com is an online database and marketplace for 

water sourcing, recycling and disposal. With new well 

stimulations using as much as 1 MMbbl of water per fracture, 

reliable and cost-effective sourcing and disposal of water 

has become one of the key constraints on upstream energy 

growth. Sourcewater enables operators and service compa-

nies to research, visualize and acquire the optimal water sup-

ply chain and trade excess capacity. Sourcewater obtains its 

data from user listings, public permit filings, satellite imagery 

analytics, outbound data collection and Internet of Things 

sensor feeds. The company has more than 100,000 Permian 

Basin water source and disposal listings, many with price, vol-

ume, flow rates, water quality and dates available. The com-

pany has recently introduced its satellite analytics identifying 

every Permian fracture pit and added a geographic informa-

tion system map interface. sourcewater.com n

RESEARCH, VISUALIZE OPTIMAL WATER SUPPLY CHAIN AND TRADE EXCESS CAPACITY 

Sand or proppant can create challenges 

for oilfield operators when they flow 

back into the wellbore after a fracturing 

treatment has been completed. The result 

is higher operating costs due to proppant 

settling in casing, potential erosion of 

critical surface equipment as well as sand 

fill cleanout and facility damage, all of 

which can lead to reduced production 

and heightened safety concerns. Stage 

Completions has created a sand control 

device called the Xand-X that is designed 

to be used in combination with the SC 

Bowhead II sliding sleeve. It is deployed 

by being pumped down after flushing the 

fracturing treatment in each stage. Once 

pumped down, the device lands in front 

of the open ports and is used to prevent 

any proppant flowback from occurring. 

stagecompletions.com n

SAND CONTROL DEVICE PREVENTS PROPPANT FLOWBACK 

Stage Completions’ new Xand-X device prevents 

proppant flowback in wellbores from fracturing 

treatments. (Source: Stage Completions)

SPN Well Services, a Superior Energy 

Services company, offers a mono-

line fracturing manifold system specially 

designed for multiwell pads and used in 

conjunction with high rate fracturing treat-

ments. Monoline is suitable for use on oil 

and gas wells across the U.S. and is ideal for 

fracturing treatments with maximum pres-

sures and rates of 15,000 psi and 100 bbl/

min, respectively. The system reduces the 

overall hazards associated with rigging up 

multiple wellheads by minimizing the num-

ber of flowlines, reducing personnel onsite 

and minimizing tripping and hammering 

hazards. Monoline rigup is faster, cleaner 

and more simplified when compared to zip-

per manifolds or manual valve rigups, and 

the system’s small footprint means that it is 

ideal for use in tight locations, leaving more 

room for fracturing equipment. SPN Well 

Services’ Rentals product line is a new ser-

vice line, formed in 2017, that offers BOP and accumulator 

packages; manifolds; valves, tees and flow crosses; flanges; 

and other rental items needed in today’s drilling, comple-

tion and production oil and gas segments. spnws.com n

MONOLINE FRACTURING MANIFOLD SYSTEM MINIMIZES NUMBER OF FLOWLINES 

SPN Well Services monoline fracturing manifolds are designed for multiwell pads. 

(Source: Superior Energy Services)
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Swellable packers have been a mainstay in the shale 

toolbox for several years. TAM International improved 

upon the tried and true by creating FastSwell, a modifica-

tion to existing technology that drastically decreases the 

time it takes for a packer to swell and hold differential 

pressure. By adjusting the exposed surface area of the 

packer, the swell times are faster and more precise. Time 

is money in the oil and gas industry. This new technol-

ogy allows users to begin subsequent operations much 

sooner. In addition, it can provide a much more reason-

able swell time in colder temperatures or challenging 

fluids. tamintl.com n

Thru Tubing Solutions’ SlicFrac diverter system is an 

intrawellbore diverter utilizing Perf Pods to selectively 

divert frack to virgin formation efficiently stimulating 

the entirety of each stage. Perf Pods were designed to 

seal both circular- and irregular-shaped holes, providing 

the ideal solution for new completions and refracturing 

operations. Utilizing the wireline pod tool to deploy pods 

downhole in the wireline bottomhole assembly allows the 

operator to reduce the total number of bridge plugs used, 

while maintaining the advantages of closer stage spacing 

and/or additional clusters. A “Pod out” or complete seal 

between stages verifies full coverage of the previous stage 

as well as provides the ability to pressure test the casing 

prior to perforating new clusters. The risk of a preset plug 

can be drastically reduced, along with post-fracture com-

pletion costs and associated resources. thrutubing.com n

Veolia Water Technologies has developed a transport-

able, modular water treatment system that enables 

produced water reuse at the wellhead. ShaleFlow con-

sists of three modules that can treat up to 10,000 bbl/d, 

eliminating the need for transporting freshwater to the 

site and produced water for disposal. The process uses 

proven technologies to remove suspended solids and oil 

and grease to less than 5 mg/l; H
2
S, iron and manganese 

to less than 1 mg/l; and bacteria to nondetectable levels. 

The effluent water quality is suitable for reuse in fractur-

ing and completion operations. Treatment steps include 

dissolved air flotation, nutshell filtration and a filter press. 

System performance is guaranteed when operated by Veo-

lia. The transportable system is designed to be moved as 

the field is developed. veoliawatertech.com n

When completing shale wells, oper-

ators commonly use the plug-

and-perf (PNP) method to minimize 

downtime and start production as soon 

as possible. The new Minima composite 

frack plug mills up in as little as five 

minutes, enabling a more efficient 

PNP process. As one of the shortest 

plugs in the industry, the Minima plug 

leaves minimal material in the wellbore. 

Compared to standard frack plugs, the 

Minima plug deposits 40% less cuttings, 

which eases cuttings removal. Addi-

tionally, the plug holds pressures up to 

10,000 psi and sustains temperatures up 

to 121 C (250 F). weatherford.com n

DECREASE TIME FOR A PACKER TO SWELL, HOLD DIFFERENTIAL PRESSURE 

DIVERTER SYSTEM SEALS ALL HOLES, REGARDLESS OF SHAPE

WATER TREATMENT SYSTEM ENABLES PRODUCED WATER REUSE AT WELLHEAD 

COMPOSITE FRACK PLUG LEAVES MINIMAL MATERIAL IN WELLBORE

Veolia’s ShaleFlow technology offers an economical solution for 

water reuse at remote locations with the flexibility to be moved as 

needed for field development. (Source: Veolia Water Technologies)

The Minima composite frack plug features 

powder metal buttons for quick drillouts, 

composite slips for reliable anchoring and 

a beveled bottom for easy deployment. 

(Source: Weatherford)
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Determining the optimal gas injection rate for a well 

has traditionally been an inaccurate procedure, 

delivering an accuracy of only 8% to 

15%. Apergy developed an algorithm 

designed to hunt for the optimal gas 

injection rate and continually tune it 

to ensure the well is operating within 

the optimal range. The Apergy algo-

rithm is set up at the surface as part 

of the company’s controllers with a 

bottomhole pressure (BHP) gauge 

in the bottom of the well. The read-

ing from the pressure gauge enables 

the monitoring of the BHP and the 

managing of the gas injection rate 

through the control valve, which 

increases or decreases the gas injec-

tion rate. To date, wells using this 

algorithm have experienced maxi-

mum BHP drawdown, which yields 

greater production and recovery from unscheduled 

downtime. apergy.com n

Operators are looking for new ways to increase elec-

tric submersible pump (ESP) system efficiency and 

lower lifting costs. Baker Hughes, a GE company’s new 

Magnefficient permanent magnet motor (PMM) improves 

efficiency by lowering ESP system energy consumption. 

The Magnefficient PMM eliminates induction losses, low-

ering system power consumption by 20% and reducing 

motor power loss by as much as 67%. The Magnefficient 

motor has demonstrated positive results in the field and 

extended the applicability of ESPs into situations that 

weren’t previously practical. Eight PMMs have been 

installed in applications ranging from waterfloods and 

unconventional oil and gas wells in North America to 

high-temperature and mature fields in Latin America. 

Some of the units have been running continuously for 

more than 800 days, and each installation has achieved an 

efficiency rating of more than 90%, with no reported fail-

ures. bakerhughes.com n

The latest technological advancement by Core Labo-

ratories’ ProTechnics division addresses the industry 

challenge of accurately profiling hydrocarbon production 

in a well. FlowProfiler EDS provides an engineered delivery 

system to precisely place oil tracers with proppant into the 

fracture network. The carrier bead, chemically engineered 

to bond with ProTechnics’ tracers, provides an engineered

delivery structure. The system is precisely injected through-

out all proppant-laden fluid of specific stages during a 

completion. Available in 40/70 and 100 mesh, varied sizing 

aligns the technology with specific operator objectives and

stimulation designs. Already widely utilized in diagnostic 

programs, FlowProfiler EDS is rapidly being adopted across 

all major basins in the U.S. and Canada. corelab.com n

NEW ALGORITHM TARGETS OPTIMAL GAS INJECTION RATE

PMM ELIMINATES INDUCTION LOSSES

SYSTEM PROFILES HYDROCARBON PRODUCTION IN A FRACTURED WELL 

The magnitude of BHP drawdown in relation to optimal gas injection rate is depicted. 

(Source: Apergy)

The Magnefficient PMM improves operational efficiency and  

reliability by lowering ESP system energy consumption and  

minimizing the risk of downtime. (Source: Baker Hughes, a  

GE company)
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The modular, compact Roxar multiphase 

flowmeter provides inline, real-time flow 

measurements in shale fields and capital 

investment savings at the well pad of up to 

50%. Through improved algorithms and a 

new operator interface, the meter is specifi-

cally designed for unconventional fields and 

can be used for flowback measurements, well 

testing and allocation. Other benefits include 

advanced field electronics and high-resolution 

sensors; flexible sizing for varying produc-

tion rates; and no moving parts for reduced 

maintenance. The Roxar meter addresses 

challenges such as the need for real-time well 

monitoring and accurate flow rate and fluid 

information in the often unpredictable flow 

regimes of shale fields as well as the need for 

a smaller reduced footprint, minimal mainte-

nance and lower costs. In a deployment on the 

Permian, an independent operator has seen 

significant capex savings from the meter in 

production infrastructure costs, more efficient 

well pad operations and accurate well alloca-

tion. emerson.com n

Oil and gas producers are continuously looking to get 

the most from their existing assets and wellheads as 

efficiently and cost effectively as possible. Fortunately, new 

technologies and capabilities available in the digital oil field 

provide a means to do just that. A combination of low-cost 

sensors, onsite controllers, intelligent assets and informa-

tion tools allow oil and gas producers to gather more data 

and have better control of their artificial lift systems. The 

Rockwell Automation OptiLift artificial lift systems, includ-

ing the rod pump controller, virtual flowmeter and net oil 

computer, help producers realize three primary business 

benefits in their wellhead applications: better visibility into 

operations, optimized production and asset performance, 

and reduced operating costs. rockwellautomation.com  n

The Schlumberger WellWatcher Stim stimula-

tion monitoring service improves fracturing 

and acidizing operations with nearly real-time 

confirmation of downhole events that can affect

oil and gas production but may not be evident 

from conventional surface pressure response. In 

multistage wells it is common to find only 60% 

to 70% of perforations or perforation clusters 

contribute to production. The causes of this 

mediocre performance vary from reservoir qual-

ity to completion and stimulation effectiveness. 

With minimal setup time and location footprint,

the WellWatcher Stim service can verify actua-

tion balls landing on a seat, ports shifting, fluid

entering the reservoir and fluid diversion. This 

means operators can ensure each stimulation 

job is pumped as designed to optimize stage 

contribution. If the service determines that a 

zone is understimulated, the treatment can be 

pumped again immediately. Otherwise, the poor 

stimulation response might not be apparent 

until days or weeks later. slb.com n

MULTIPHASE FLOWMETER PROVIDES REAL-TIME FLOW MEASUREMENTS IN SHALE FIELDS

ARTIFICIAL LIFT SYSTEM OFFERS BETTER VISIBILITY INTO OPERATIONS

SERVICE IMPROVES OPERATIONS WITH NEARLY REAL-TIME CONFIRMATION OF  
DOWNHOLE EVENTS

The Roxar MPFM 2600 accurately characterizes flow 

regimes and provides critical information on a well’s 

production capabilities. (Source: Emerson)

WellWatcher Stim service improves stimulation efficiency by verifying fluid 

entry points. (Source: Schlumberger)
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A new Digital Intelligent Artificial Lift (DIAL) gas-

lift production optimization system from Silverwell 

is improving gas-lift operations through a data-driven 

on-demand approach, enabling more efficient produc-

tion with less intervention. DIAL installations encompass 

fully qualified, tubing conveyed surface-controlled multi-

rate gas-lift units, rated to 10,000-psi burst, 6,000-psi 

collapse and 125 C (257 F). Each unit includes up to 

six independently actuated orifice valves and onboard 

pressure and temperature transducers. DIAL elimi-

nates uncertainties. It enables more production from 

enhanced lift efficiency to accelerate return on invest-

ment; less intervention with a reduction in opex and 

risk; more data through the increased insight afforded 

by multiple in-well sensors; and less uncertainty with the 

potential for improved production management deci-

sions through the deployment of an integrated gas-lift 

optimization system. silverwellenergy.com n

SPN Well Services, a Superior Energy Services com-

pany, provides chemical additive units for appli-

cations such as coiled tubing, workover, snubbing, 

drilling and acid pumping/mixing. These units have 

the ability to mix multiple chemicals precisely and accu-

rately, while maintaining individual flow rates critical to 

the quality of the fluid system. Chemical additive units 

mix and pump at variable rates/pressures and feature 

twin centrifugal pumps with stainless components for 

corrosive chemicals, six variable rate chemical additive 

stations and two 10-bbl mixing tanks with mixing pad-

dles. Utilizing a wireless mobile acquisition system, all 

relevant data associated with fluid mixing and pumping 

is captured and multiple data streams provide duplica-

tive backup, ensuring operators have access to all the 

vital information they require. spnws.com n

The effective distribution of injected gas in multizone 

horizontal wells and the ability to keep the gas in the 

reservoir to maintain energy can greatly affect the recov-

ery efficiency of EOR in shale oil. The use of advanced 

completions can improve the distribution of gas injection 

and control premature production of gas in the soaking 

period of the EOR process for shale oil wells. Passive 

inflow control devices are used to balance the distribution 

of gas injection along the length of the wellbore, while 

autonomous inflow control devices (AICD) restrict the early 

back-production of gas and increase the contact time. As 

an active flow control device, AICDs deliver a variable flow 

restriction in response to the properties (viscosity and den-

sity) of the fluid flowing through it. tendeka.com n

The latest Weatherford Rotaflex 

long-stroke pumping unit helps 

shale operators to accelerate the tran-

sition to high-performance rod lift 

and even eliminate intermediate lift 

methods. All new for 2018, the unit 

adds numerous features that improve 

lift efficiency, including a purpose-built 

350-series gear reducer and enhanced 

top drum. Even in the deep, high-an-

gle or high gas-to-liquids wells that 

shale operators routinely face, the 

latest Rotaflex unit was redesigned to 

further increase uptime, reduce the 

total cost of ownership and streamline 

maintenance. With stroke lengths up 

to 366 in. (9.3 m), the unit increases 

system efficiency and energy savings, 

substantially lengthens sucker rod and 

downhole pump longevity, and reduces 

cycles, reversals and the risk of down-

hole failure. 

The design simplifies inspections and 

repairs, encloses moving parts and 

offers easy access to major compo-

nents. weatherford.com 

EFFICIENCY IN GAS-LIFT OPERATIONS INCREASED

CHEMICAL ADDITIVE UNITS MIX MULTIPLE CHEMICALS PRECISELY, ACCURATELY

IMPROVE PERFORMANCE OF ‘HUFF AND PUFF’ EOR IN SHALE OIL RESERVOIRS

LONG-STROKE PUMPING UNIT ACCELERATES TRANSITION TO HIGH-PERFORMANCE ROD LIFT

The new Rotaflex long-stroke pumping unit 

leverages decades of field experience to 

provide operators with an easy-to-maintain, 

high-performance option for producing  

challenging wells. (Source: Weatherford)

PRODUCTION
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James Pocza and Lawrence Ramnath, BP

A
s deepwater Gulf of Mexico (GoM) fields enter 

maturity, the need for inter-

vention and workover operations 

becomes more frequent. The 

nature of these operations also 

is highly complex due to the 

inherently complicated installed 

completions. To combat these 

growing challenges, nontradi-

tional tools and methods must be 

employed. This was recently the 

case during a workover campaign 

at BP’s deepwater Atlantis Field 

where nontraditional deepwa-

ter technology was successfully 

implemented to solve a complex 

wellbore challenge.   

The Atlantis Field is located 

in the deepwater GoM approxi-

mately 241 km (150 miles) south 

of New Orleans in more than 

2,133 m (7,000 ft) of water. The 

main targets are Miocene reser-

voirs ranging from 4,876 m to 

5,486 m (16,000 ft to 18,000 ft) 

true vertical depth. Early com-

pletion designs utilized a mono-

bore concept; this involved the 

removal of flow restrictions along 

the inside diameter (ID) of the 

tubing string to promote better 

productivity. Therefore, nipple 

profiles were avoided, including 

the typical nipple profile placed 

below the production packer for 

intervention purposes.

Two of these monobore 

completions required their 

upper completion strings to be 

replaced during a workover/intervention campaign. 

The reservoir of each well needed to be mechanically 

isolated prior to removal of the upper completion string. 

However, without a nipple profile beneath the produc-

tion packer, the conventional 

method of setting a lock and 

plug beneath the production 

packer was not an option.

Selection mechanical 
bridge plugs
Before the reservoir could be 

isolated, the surface-controlled 

subsurface safety valve (SCSSV) 

had to be locked open using an 

insert sleeve device to facilitate 

intervention operations deeper 

in the wellbore. The insert sleeve 

created a mechanical restriction 

in the well. Therefore, a mechan-

ical isolation device was required 

to pass through the ID restric-

tion of this insert sleeve and then 

be set in the ID of the tubing 

beneath the production packer. 

This requirement limited the 

technology selection to mechan-

ical bridge plugs with high-ex-

pansion ratios (i.e., devices with 

a small running outer diameter 

(OD) but with the ability to 

expand to set large ID tubing).

The mechanical bridge 

plug technology selected was 

a retrievable inflatable bridge 

plug (RIBP), given that it was 

the only available product that 

met the requirements for the 

intervention operation:

• Maximum OD small enough 

to pass through a 4-in.  

ID restriction;

An uncommon approach to  
offshore interventions   
A retrievable inflatable bridge plug was used for thru-tubing intervention in the  

deepwater GoM.

The Atlantis wells targeted in a recent workover  

campaign included a variety of completion  

equipment. (Source: BP)

Nipple bore protector

Subsea tubing hanger

Shallow chemical 
injection mandrel  

SCSSV

Deep chemical 
injection mandrel  

Downhole pressure and 

temperature gauges

Tubing stability 
latch assembly

Production packer

Telescoping space-out 

assembly

Perforated pup joint

Frack-pack packer

Ball valve fluid loss 

control device

Frack-pack proppant

Screens

Sump packer
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• Ability to be set in a 4.67-in. ID;

• Conveyable on wireline; 

• Minimum differential pressure rating of 5,000 psi at 

71 C (160 F);

• Ability to hold pressure in both the positive and  

negative directions;

• Retrievable via either slickline or wireline; and

• Retrievable through a 3.688-in. restriction.

The application of inflatable technology to deep-

water subsea interventions was not common to the 

Atlantis project. Historical success statistics with the 

planned RIBP were examined to gain confidence in 

its planned application. The statistics examined were 

focused on the particular size of RIBP planned for use, 

and analysis of the statistics demonstrated there was a 

high probability of success regarding use of the RIBP.

Well intervention

The intervention procedure for the two wells involved 

a series of steps that included drift runs, locking open 

the SCSSV, setting of the RIBP, removing the upper 

completion equipment, rerunning of new upper com-

pletion equipment, cleaning above the RIBP, retrieving 

the RIBP and confirming integrity of the newly installed 

upper completion. However, the focus was placed on 

operations regarding the RIBP.

The wireline conveyance of the RIBP to the target set-

ting depth was performed using a subsea landing string 

from surface to the subsea tubing hanger. The subsea 

landing string was filled with base oil during this opera-

tion and the completion tubing was filled with wellbore 

fluids. As a result of these fluids, the RIBP installation 

operation was performed on a live well.

Once the RIBP was correlated on depth and set in 

place, it was pressure tested to 8,000 psi above surface 

pressure at the pressure-controlled equipment. After 

the positive pressure test, the applied test pressure was 

bled off to leave the original surface pressure on the 

well. The pressure was then bled off on surface, thereby 

subjecting the RIBP to a negative pressure test load. 

https://www.epmag.com/
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Both the positive and negative pressure tests were suc-

cessful, verifying the integrity of the RIBP. This was crit-

ical given that it would be exposed to several different 

pressure loads during the intervention scope of work. 

In addition to the loads encountered during the course 

of the intervention, one of the two wells that employed 

the RIBP for reservoir isolation during the intervention 

campaign had to be temporarily suspended due to adverse 

weather conditions. To achieve this suspension, the deep-

set RIBP was pressure tested, allowing it to perform the 

task of a mechanical well barrier for 36 days. 

Once the upper completion equipment was success-

fully retrieved and new equipment installed, the RIBP 

was recovered from the well. The entire RIBP assembly 

was retrieved with no components missing. However, 

on the fi rst RIBP application, the upper element of 

the RIBP assembly was rolled off slightly. This was 

attributed to pulling the RIBP through the 3.688-in. 

nipple profi le, which represented the smallest restric-

tion through the new upper completion string.  

Lessons learned
This high-expansion ratio RIBP was found to function 

successfully under a diverse range of conditions.

The plug successfully isolated the reservoir during 

the intervention scope of work, despite the varying 

pressure and temperature loads to which it was sub-

jected. It served as a thru-tubing mechanical plug for 

the functioning and testing of the SCSSV, produc-

tion packer and production tubing after installation 

of the new completion tubing. The RIBP also served 

as part of the mechanical barrier required for tem-

porary suspension on one of the two wells during the 

intervention campaign and was successfully retrieved 

through a 3.688-in. nipple profi le restriction after 

being installed in the wellbore for several weeks.

The RIBP performed several functions and the 

resulting performance on both subsea well interven-

tions was found to be satisfactory. The overall utiliza-

tion times of the RIBPs (from setting to retrieving) 

were 22 days on the fi rst intervention and 64 days on 

the second.

While the overall use of the RIBP for reservoir 

isolation during the intervention campaign was suc-

cessful, minor lessons were learned during the oper-

ational execution:

• Debris management above the deep-set RIBP is crit-

ical to the retrieval operation. Prevention of debris 

deposition as well as properly planned cleaning 

operations using effective cleaning technology is 

critical to the success of the retrieval operation; and 

• Suffi cient time should be allowed for the defl ation 

of the infl atable element during the unsetting and 

retrieval operation. 

Retrievable bridge plugs with high-expansion ratios 

and high differential pressure ratings are not very com-

mon in the deepwater industry. Interest in their use is 

becoming more prevalent due to the demands of deep-

water subsea intervention activities. This environment 

demands reliable technology with high-performance 

features and functions. The successful application of 

the RIBP presented offers the intervention community 

supporting information/evidence and a case study for 

the future use of this technology. 

References available.

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

These bridge plugs were retrieved 22 days after being set in the fi rst well. 

(Source: BP)

Upper element 

section rolled-off 

after retrieval

Lower element 

section after 

retrieval

Retrieved RIBP
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Dean Gaddy and Ryan Besteder,  

Baker Hughes, a GE company  

O
ver the life of the well, electric submersible pumping 

(ESP) systems and production chemicals play signif-

icant roles in improving production performance, lower-

ing lifting costs and generally enhancing well economics. 

Individually, each discipline makes a distinct and vital 

contribution across a full scope of oil and gas wells. ESP 

systems help reduce lifting costs and optimize produc-

tion to increase cash flow while production chemicals 

provide critical flow assurance and integrity solutions 

that maximize profits and extend asset life. 

However, combining the two is difficult. While down-

hole chemistry obstacles are a leading cause of ESP 

failure, the industry has traditionally considered ESP 

technology and production chemicals as discrete, siloed 

solutions. This disconnect is a long-standing industry 

challenge with many barriers, from the complexities of 

data sharing to development of cross-discipline skills. 

Recent efforts by Baker Hughes, a GE company 

(BHGE), are breaking down those obstacles to provide 

a more complete and responsive integrated solution to 

improve well performance. 

The joint offering improves ESP run time, reduces 

workover activity, increases production and reduces lift-

ing costs. Corrective action turnaround time is dramati-

cally reduced by BHGE team analyses that more precisely 

identify the cause of any ESP failure, while simultane-

ously developing a more effective chemical program. 

Significantly, the improvements also are yielding new 

business practices to reduce expenses and downtime. 

Integrating data and expertise 
Integrating these resources promotes a new level of 

understanding and response to traditional well perfor-

mance challenges. 

The team approach joins both disciplines in a prac-

tical, application-oriented process that extends from a 

collaborative geographical information system (GIS) 

database to the investigative work on the ESP teardown 

floor to specific chemical program changes in the field. 

The GIS database geographically matches current 

ESP installations with upstream chemical treatments as 

a decision-support tool cross-tied to ESP dismantle find-

ings, chemical laboratory analyses, ESP failure histories, 

equipment setting depths and many other factors. GIS 

spatial analysis enables detailed mapping of data trends 

in a particular area, such as the occurrence of calcium 

carbonates in the Permian’s Wolfcamp Formation or 

iron sulfides in the Bone Springs Formation. 

The resulting insights are a powerful guide to quickly 

understanding and responding to the current appli-

cation and planning the next. The greater precision 

this GIS database affords in identifying geographic and 

geologic areas prone to organic and inorganic precip-

itation already is having a significant impact on ESP 

service life, well economics and production. 

In the ESP teardown shop, artificial lift and chemical 

engineers analyze the cause of failures through a multi- 

functional team approach that zeroes in on specific 

corrective measures to be deployed in the field. This 

Bridging the disconnect to optimize 
well performance   
Breaking down traditional barriers between ESP and production chemical teams is  

providing better production solutions.

The collaborative process between chemical and artificial lift  

engineers builds on BHGE strengths in production chemicals, such  

as scale, corrosion and asphaltene inhibitors. (Source: BHGE)
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shoulder-to-shoulder teamwork amplifi es the ESP solu-
tion with a faster, more precise ability to not only deter-
mine why the ESP failed but develop better-informed 
treatment options. 

Analysis and prediction 
The integrated process supports analysis and prediction 
of general solids characteristics by more closely associat-
ing pump conditions with various fi elds and formations. 
In this way, modeling is supplemented by real-world 
context gleaned from ESP teardown and inspection. 

For example, a more thorough accounting of pres-
sure-induced depositions in the ESP is refi ning the 
solution. ESP systems have a lower pressure at the 
intake, with hydrostatic pressure added through the 
various equipment stages. Different species of scale 
precipitate inside the system based on this pressure 
regimen; calcium carbonates 
may occur in one section of 
the pump and iron sulfi des 
in another. Similarly, tem-
perature changes along the 
ESP during its operation will 
impact organic formation.

This is diffi cult to recog-
nize without inspecting the 
ESP system fully. Integrating 
chemical and artifi cial lift 
experts into a cohesive team 
has connected the process, 
resulting in a better under-
standing of how various 
pressures and temperatures 
affect scale precipitation. 
While scale modeling might 
typically use only bottom-
hole pressure and surface 
pressure data, this fi ne-tuning recognizes that pressures 
and temperatures can change signifi cantly through the 
stages of the ESP system. Breaking down those parame-
ters yields a better idea of what is happening inside the 
ESP system and how it affects the chemistry. 

A better ability to predict what is going to happen 
in the fi eld has an immediate benefi t in extending 
ESP run time. For instance, in multistage hydraulically 
fractured wells producing from tight reservoirs, the 
integrated analysis revealed iron sulfi de deposits on 
the ESP system. The fast identifi cation led to chemical 
recommendations for chelating the iron (keeps the 
iron in solution), with a resulting increase in ESP life, 
and reduction in pulling costs and deferred production. 

Moreover, it has been found that more than one species 
of scale can precipitate inside an ESP system. Thus, a 
chemical “cocktail” may be in order.

In another instance, the integrated analysis found that 
simply running a capillary injection string with the cor-
rect chemical treatment does not always solve the prob-
lem. When ESP reliability engineers identifi ed that bar-
ium sulfate continued to precipitate inside the pumps of 
several Delaware Basin ESP systems, the upstream chem-
ical engineer used this evidence to lower cap strings.

These solutions might appear somewhat obvious in hind-
sight but, in fact, required a connected process to quickly 
and reliably make the analysis and recommendation. 

Application and value
The broad value of the BHGE collaboration is clearly 
illustrated by an ongoing program in the Permian Basin. 

The operator was contend-
ing with ESP failures due to 
a complex array of chemi-
cal issues, including scale, 
asphaltenes, iron sulfi de, bar-
ium sulfi de and paraffi n. 

GIS mapping of ESP and 
upstream chemical data iden-
tifi ed strong failure trends 
across the asset. Team root-
cause analysis of ESP failures 
further defi ned the challenge 
and led to an optimized 
chemical program to achieve 
a far-reaching scope of perfor-
mance improvements. 

The solution has extended 
ESP runlife by 30% and 
supported 50 additional ESP 
installations so far this year. 

The integrated team approach also facilitated a change 
in business models for the asset to an extended perfor-
mance contact featuring penalties and bonuses applied 
to individual ESP run times based on causes of failure.

In Canada this integrated approach eliminated asphal-
tene fouling in ESP systems. The solution lowered lifting 
cost by $8/bbl and reduced ESP replacements by 80%, 
leading to an estimated $11 million in realized value. 

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.

System repair turnaround time is dramatically reduced by

BHGE team analyses that more precisely identify the cause of 

ESP failure, while simultaneously developing a more effective 

chemical program. (Source: BHGE)
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Gary Graf and David Curia, Wintershall Energía S.A.; and 

Christian Hanitzsch, Wintershall Holding GmbH

W
intershall Energía S.A. has been actively involved 

in the evaluation of the Vaca Muerta Shale in the 

Neuquén Basin onshore Argentina since 2011 and holds 

623 sq km (202 sq miles) of net shale acreage. This cov-

erage in both operated and nonoperated assets provides 

access to a large amount of data to evaluate the black oil 

to dry gas trends. 

Wintershall has participated in 14 vertical and more 

than 40 horizontal wells with a maximum lateral length 

of 2,500 m (8,200 ft). In 2015 the company was granted 

the 97-sq-km (37-sq-mile) Aguada Federal Block and 

holds a 90% working interest along with Gas y Petróleo 

del Neuquén as partner (10%). This block lies in the 

black oil window, where three vertical wells and four 

horizontal wells have been drilled. The 107-sq-km 

(41-sq-mile) Bandurria Norte Block was acquired, and 

Wintershall holds a 100% working interest. This block 

lies in the volatile oil window. A vertical well and four 

horizontal wells have been drilled. 

The initial evaluation phase included the drilling of 

vertical wells with full suites of data acquisition aiming 

to characterize the play. The next evaluation phase 

consisted of drilling the horizontal wells to test produc-

tivity as well as stimulation and completion parameters. 

For these purposes a large amount of data, including 

well logs and various types of seismic, were acquired 

and analyzed. Both blocks are presently on long-term 

production testing, and Wintershall is evaluating how to 

proceed with predevelopment plans. 

With the acquisition of the operated Vaca Muerta 

Shale blocks, Wintershall recognized the value of col-

laborating with the Reservoir Characterization Project 

(RCP) at the Colorado School of Mines. Access to this 

world-class consortium provides additional expertise, 

insights and opinions that result in a better assessment 

of the projects and insight into commercial contractors.

Project parameters
Unlike most RCP projects that cover development proj-

ects or mature fields, the RCP/Wintershall Vaca Muerta 

initiative is focused on an early-stage project. The primary 

focus of this study is to understand the factors that con-

trol production using an integrated approach with geol-

ogy, geophysics, geomechanics and engineering.

In unconventional reservoirs where permeability is low, 

an understanding of both reservoir and 

completion quality is critical in driving 

the project forward. The mechanical 

behavior of the reservoir as it relates 

to the ability of natural and induced 

fractures to sustain hydraulic conduc-

tivity pathways is one of the factors con-

trolling the economics. Characterization 

of the mechanical properties of the for-

mation, the stress state at the reservoir 

level and analysis of the natural fractures 

is essential for targeting well locations 

and horizontal well direction and guid-

ing stimulation programs.

Although this shale play contains 

a limited number of wells as com-

pared to those in North America, the 

data available in the RCP study area 

are comprehensive. Seismic surveys 

Industry and academia collaborate 
on Vaca Muerta project 

An RCP/Wintershall venture examines usefulness of multicomponent data.

This graphic shows the scope of the R&D project between Wintershall and RCP.  

(Source: Wintershall) 
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include 3-D conventional wide-azimuth (WAZ) data, 

3-D multicomponent data, borehole seismic data and 

microseismic datasets. Initial surface microseismic was 

recorded followed by a permanent buried array or 

downhole seismic. Seismic surveys are complemented by 

several vertical wells, including full wireline log suites, 

cuttings, image logs, pressure data and early production 

data. (Horizontal well data were not made available to 

RCP.) The completeness of both the geologic and geo-

physical datasets offer the opportunity to build a fully 

integrated geoscience workflow to address the question 

of how geomechanical properties vary throughout an 

unconventional reservoir.

Initial research

Initial RCP multidisciplinary research covered the fol-

lowing topics:

• Building a geomechanical model for Aguada 

Federal by integration of well data with seismic 

inversion results; 

• Analysis of natural fractures and mechanical stratig-

raphy of the Vaca Muerta by interpretation of bore-

hole images and rock property modeling;

• Analysis of microseismic data integrated with seis-

mic and well log data;

• Parasequence interpretation based on well logs and 

relating anisotropy of elastic parameters with stimu-

lation and production;

• Post-stack and prestack deterministic inversion 

followed by geostatistical inversion integrated with 

previous microseismic results; and

• Prediction of brittle zones and hydrocarbon pres-

ence from a petrophysical evaluation of well logs 

and a seismic inversion-based classification, which 

leads to horizontal well proposals to target the most 

promising zones for production. 

Multicomponent seismic surveys record shear waves 

in addition to standard compressional waves. This addi-

tional information can be vital to obtain a more precise 

3-D geomechanical model away from wells. A multicom-
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ponent seismic survey was acquired in late 2016 and pro-

cessed in 2017 as part of the pilot project. The required 

equipment was not available in Argentina, but Geospace 

Technologies (seismic equipment manufacturer and 

RCP sponsor) delivered cableless three-component (3-C) 

GSX nodal system receivers for this pilot. The 3-C receiv-

ers were placed parallel to standard single-component 

receivers during a conventional WAZ seismic survey. The 

synergy of utilizing seismic sources and logistics from 

a conventional survey in association with special 3-C 

receivers (at academic cost through RCP) made this mul-

ticomponent seismic pilot possible, resulting in the first 

3-C/3-D survey for unconventionals in Argentina.

Processing
The Aguada Federal multicomponent survey was processed 

by Unified Geosystems. Current work will include this new 

3-C seismic survey along with the 3-C vertical seismic pro-

file to determine the added value of multicomponent data. 

The focus will be on characterizing anisotropy to improve 

the understanding of natural fractures and hydraulic frac-

ture development and to propose landing locations and 

orientations for future wells. A joint inversion is planned 

along with analysis of the available anisotropy attribute 

volumes, and a differential horizontal stress analysis will 

study stresses in the reservoir and hydraulic fracture prop-

agation. The applied anisotropy analysis inverts sinusoidal 

reflector time and amplitude fluctuations to azimuthal 

anisotropy parameters. Compressional (PP) azimuthal 

analysis helps describe the horizontal component of anisot-

ropy, which could be related to stress or fractures, and 

PP-shear data can help characterize fractures.

Good communication and integration are key to suc-

cess for a joint project between industry and academia. 

Most RCP students spent three to six months as interns 

at Wintershall with tasks related to their thesis. Each 

thesis was supervised by a Wintershall geophysicist, geol-

ogist or reservoir engineer. The RCP/Wintershall Vaca 

Muerta project will be completed at the end of 2019. 

Learnings will be applied to existing and possible future 

blocks in the Vaca Muerta. 

If the ongoing multicomponent seismic pilot will sig-

nificantly contribute to the success of Wintershall’s shale 

development project in a technological or commercial 

way, this particular technology could be applicable to 

other areas in the Vaca Muerta and potentially to other 

early-stage shale projects. In any case, RCP’s integrated 

and multidisciplinary approach to research continues to 

be valuable, providing independent opinions in both 

supporting and challenging the views of Wintershall. 

An arbitrary south-north line shows the prediction of brittle zones and hydrocarbon presence from the inversion of conventional  

seismic data. Schematic horizontal wells were placed to target sweet spots. Shmin shows the orientation of the minimum horizontal 

stress (south-north). (Source: Convers et al. “Elastic Parameter Estimation for the Identification of Sweet Spots, Vaca Muerta Formation, 

Neuquén Basin, Argentina.” The Leading Edge. https://doi.org/10.1190/tle36110948a1.1) 

Shmin
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Rhonda Duey, Senior Editor, Exploration

N
orth American shale plays are seemingly pretty well-

known, and other than a major find here or there, 

they are considered, for the most part, mature basins. 

This is not the case in other parts of the world, where 

major discoveries continue to be made. Bahrain, for 

instance, recently announced its largest oil discovery, 

estimated at 80 Bbbl, and it’s a shale oil play. The U.K.’s 

Bowland Basin continues to attract attention as well.

But Mexico might be part of the largest prize. After 

its oil reforms in 2013, the nation welcomed foreign 

companies that hoped to apply their shale expertise 

from North America to other parts of the world. One 

of these companies was Renaissance Oil Corp. E&P 

recently visited with Kevin Smith, vice president of 

business development for Renaissance, about the shale 

potential of the Amatitlan Block, where the company 

partnered with Lukoil and Pemex in 2017 to develop 

the 243-sq-km (94-sq-mile) block.

E&P : What attracted you to the Amatitlan Block initially?

Smith: We believe that the Amatitlan Block holds an 

immense shale oil resource. Renaissance is focused on 

unconventional resource development and has been 

studying and mapping the petroleum systems of Mex-

ico for several years. Mexico has had a tremendously 

successful history in producing its rich oil resources, 

including the Golden Lane oil fields, highlighted by 

Cerro Azul-4, the largest single oil well in the history 

of global oil development, with production of 260,000 

bbl/d, and the Cantarell Field, the world’s largest 

offshore oil field that reached peak production of 2.1 

MMbbl/d. What these Mexican landmark oil fields 

have in common is that the oil in their reservoirs was 

primarily sourced from the Upper Jurassic shale depos-

its below these formations. 

Unlike Texas, the Mexican source rock shale for-

mations have not been commercially developed, and 

the thickest and potentially most prolific resources are 

in the Tampico-Misantla Basin (TMB). In the heart 

of the TMB is the Amatitlan Block, which we 

believe is located in the sweet spot of the Upper 

Jurassic shales.  

E&P : Your website starts out by noting that your 

company is ‘applying the latest technologies 

developed in North America.’ Can you go into 

more detail?

Smith: The core of Renaissance’s technical team 

is a group of geoscientists and an engineer who 

worked together at Mitchell Energy with the goal 

of commercializing the world’s first unconven-

tional play, the Barnett Shale. After that success, 

these pioneers went on to work on shale resource 

plays across the U.S. and the world. The team 

now has reunited to tackle the task of commer-

cializing Mexico’s first shale play. Integral to the 

team is drilling and completions engineer Nick 

Steinsberger, who designed and implemented 

the slickwater frack, solving the Barnett Shale. 

Steinsberger has gone on to drill and complete 

more than 1,200 shale wells using a constantly 

evolving set of new technologies and comple-

Chasing shales in Mexico
Renaissance Oil Corp. got an early foot in the door to develop these potentially giant fields.

A Simmons Edeco drilling rig drills to the Chicontepec at Amatitlan.  

(Source: Renaissance Oil)
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tion techniques. Along with his former Mitchell 

Energy colleagues, he is bringing his extensive 

experience and understanding of unconventional 

resource development to Mexico, where the shale 

oil potential is yet untouched.

E&P : The website also noted, ‘Renaissance’s 

analysis indicates the Upper Jurassic interval is an 

oil-rich hybrid shale system … and is highly pro-

spective for targeted stacked pay development.’ 

Can you be more specific about what type of  

analysis you applied?

Smith: Leading our understanding and mapping 

of the petroleum systems in Mexico is geochemist 

Dan Jarvie, who in the early days of the energy 

reform had unprecedented access for a team 

member of an international oil company to the 

extensive core and log libraries in Mexico. Jarvie 

acquired data from 60 wells drilled across the 

Tampico-Misantla Basin, including several cores 

taken from deeper wells drilled at Amatitlan, that 

penetrated the thick shale formations. He took 

these samples to modern labs in Houston for geo-

chemical analysis that allowed for a detailed comparison 

to the rock composition of successful unconventional 

plays from across the world. Jarvie concluded that the 

Upper Jurassic shales are very comparable to another 

marine carbonate formation, the Eagle Ford shales of 

South Texas, with the predominant difference being 

that the Upper Jurassic shales are on average more than 

three times thicker than the Eagle Ford shales. He had 

the opportunity to closely study the Eagle Ford and 

many other global shale resources during his previous 

role as chief geochemist at EOG Resources Inc., his time 

assisting Mitchell Energy at ‘cracking the code’ of the 

Barnett Shale and in a remarkable career dedicated to 

unconventional resource development. Renaissance is 

quite fortunate to have Jarvie and his vast experience 

and expertise on the team focused on Mexico. 

E&P : The website noted that Renaissance was awarded 

its top three choices in Mexico’s first oil and gas auction 

in 80 years. What did you bring to the table?

Smith: The initial properties awarded to us in call 1.3 

are in close proximity to each other in the state of 

Chiapas and came with a steady production base in 

excess of 1,600 boe/d. We have employed sophisticated 

reinterpretation of existing 3-D seismic data to identify 

potentially undrained areas of these formerly prolific 

reservoirs. Renaissance plans to drill three development 

wells into the Chiapas blocks in 2018 and work over 

existing wells with the target of increasing production 

threefold over the year. 

The Chiapas blocks also are of strategic importance 

as they are situated in the middle of the Sureste Basin 

surrounded by Pemex producing blocks that have 

recently come to market for farm-outs. Renaissance has 

tremendous growth potential in the south of Mexico by 

organically developing our existing blocks and through 

acquisition and farm-in of surrounding acreage. 

E&P : What can we expect to see next from Renaissance 

in Mexico? 

Smith: Renaissance recently has completed the drilling 

of 10 wells into the shallower Chicontepec formations at 

Amatitlan in 2018 and has returned the block back into 

production. The next big milestone for the company 

will be to drill a deeper well this summer to test the 

Upper Jurassic shales. The shale well will be the first 

unconventional well drilled by an international oil com-

pany in Mexico’s history and is an opportunity to unlock 

tremendous value in the block by initiating a new world-

class shale play in Mexico. 

EMERGING  

SHALE PLAYS

A technician takes measurements at Malva, one of Renaissance Oil’s  

conventional fields in Mexico. (Source: Renaissance Oil)
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DRILLBIT  

ADVANCES

Duncan McAllister, Tommy Bright, Kirk Norris and 

Naveen Ramachandran, Varel Oil and Gas Drill Bits

T
he shape of PDC bit cutters is changing, almost by 

the week. Innovations in geometry, orientation, cut-

ting structure location and other cutter characteristics 

are the results of a growing ability to rapidly transition 

from design concept to practical field application. 

In Texas and Oklahoma, a recent series of wells have 

introduced two variations of a raised profile cutter with 

a ridge that plows the rock and a novel approach to 

scribe-type cutters that places them in interruptive, non-

tracking positions to improve rock failure mechanisms. 

Both cutter advances are part of an integrated design 

process that orchestrates multiple bit characteristics, 

including blades and hydraulics, using real world mod-

eling and testing. The early success of these and other 

prototype cutter designs illustrates the flexibility, reli-

ability and speed with which customized solutions are 

being developed to boost drilling efficiencies in very 

specific applications. 

Raised profile runs
The successful first run of a raised profile TriForce 

cutter in a West Texas Delaware Basin well was quickly 

followed by a run in Oklahoma. The second run yielded 

a 70% ROP increase over offsets using conventional 

cutters and was equivalent to competitive bits with raised 

profile cutters. A third run successfully used a second 

version of this cutter, and the strong performance of 

the test prompted operator requests for more use of the 

raised cutters in the future. 

The TriForce cutters feature a ridged profile that con-

centrates force on a very small leading edge to fracture and 

plow through the rock (Figure 1). 

For the same amount of travel, the 

cutter removes a higher volume of 

rock to produce greater ROP. The 

face of the cutter has three raised 

ridges radiating 120 degrees from 

the center. The cutters are oriented 

so that one of the ridges is normal 

to the formation or perpendicular 

to the cutting profile. The other two 

ridges do not engage the formation; 

the cutter is rotated to align a fresh 

ridge during bit refurbishing.

The first run of the TriForce 

cutter was in the Delaware Basin 

drilling dolomite, limestone shale 

and sandstone lithology to reach a 

Brushy Canyon objective. The cut-

ters were installed in primary posi-

tions on a 12¼-in., six-blade Raider 

model bit with a Hydra hydraulics 

package. The goal of the test was 

to evaluate the validity and perfor-

mance of the new cutter concept 

in drilling out the Brushy Canyon.  

Customized cutters key to bit  
performance advances

Two new variations of raised profile cutters deliver impressive results in  

the Delaware Basin and Stack resource plays.

FIGURE 1. The ridged profile of the TriForce cutter focuses force to fracture and plow rock for 

greater ROP. (Source: Varel Oil and Gas Drill Bits)
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Prior drilling with this base bit 

assembly using conventional cut-

ters was very successful, drilling 

approximately 1,676 m (5,500 ft) 

at an average 23.6 m/hr (77.6 ft/

hr). With the new cutter, the bit 

drilled 1,808 m (5,932 ft) at 22.4 

m/hr (73.7 ft/hr). The dull con-

dition analysis showed moderate 

wear to the cutters on par with 

conventional assemblies in the area. 

Achieving this performance with 

a first-generation prototype cutter 

was very promising.

To further test the cutters, a sec-

ond run was made in the interme-

diate section of a central Oklahoma 

Stack play well. The section drilled 

through interbedded sand, lime-

stone and shale with moderate to 

high abrasive potential in the sand-

stone. The cutters were installed 

on 8.75-in. six-blade Voyager model 

bit in primary cutter positions. It 

drilled 3.2% farther than the aver-

age offset interval, and ROP was 70% higher than the 

average of all offsets and similar to competitive bits with 

raised profile cutters. The dull had no wear on any cut-

ters, including the TriForce test cutters. 

A second version of the TriForce cutters was run in 

another Oklahoma well. Cutter changes included mod-

ifications to the raised profile geometry. Drilling was in 

the Stack play’s Meramec lateral, a limestone formation 

with moderate to low abrasive potential. The prototype 

cutters were installed in primary positions on an 8.75-

in., six-blade Voyager bit. It drilled a 352-m (1,155-ft) 

interval, almost 80% of the offset average, at 8.9 m/hr 

(29.4 ft/hr), nearly 88% of the average ROP. The per-

formance and a moderate dull grade of the test cutters 

have encouraged additional runs. 

Scribe advances
Innovations in cutter performance also include how 

they are positioned on the cutting structure. In an Okla-

homa Stack well, mounting scribe cutters in patented 

interruptive, secondary positions resulted in significant 

performance gains. 

The interruptive FANG scribe cutter improves effi-

ciency by prefracturing a smaller contact area, allowing 

a higher volume of rock to be removed per rotation of 

the bit. 

The novel placement locates the scribe cutters in 

a secondary position. They may be placed on either 

side of the cutting path of the standard cutters. The 

resulting fracture and sweep action of this configura-

tion has shown significant performance gains in the 

initial application (Figure 2).

The objective of this run was to improve the ROP of 

the existing bit design. An 8.75-in., six-blade Voyager 

bit with the FANG scribe cutter configuration was run 

in the lateral section of the high compressive strength 

lower Meramec. 

The total 1,581.6 m (5,189 ft) drilled was 32.3% 

above average, and ROP of 21.9 m/hr (72 ft/hr) 

was 52.8% above average. The scribe cutters were 

in good condition with a dull grade on par with the 

area average. The objective was fully met and more 

runs are planned to document the performance.

Shape of the future
The introduction of these cutter solutions suggests 

that future advances in drilling efficiency will increas-

ingly include custom designs created to improve very 

specific applications. Moving quickly and precisely 

from concept to field application means new options 

for increasing ROP and footage drilled can be easily 

and confidently explored. 

DRILLBIT  

ADVANCES

FIGURE 2. FANG cutters (red) may be positioned on either side of the cutting path of the  

conventional round cutters to produce a fracture and sweep drilling process.  

(Source: Varel Oil and Gas Drill Bits)
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DRILLBIT  

ADVANCES

Seth Anderle, Halliburton

T
he ultimate goal for a drillbit is more footage at 

a higher ROP. Generally, these two performance 

benchmarks are inversely correlated. The higher ROP 

of a drillbit typically reduces its life and, conversely, 

the ROP is reduced to increase the drillbit life. By truly 

understanding the mechanics of how a cutter fails rock, 

the Stega efficient layout technique has managed to 

deliver both increased footage and ROP. 

The drillbit industry has long understood the concept 

of bit depth of cut (penetration per revolution) and its 

relation to drilling efficiency. The depth of cut can be 

used to optimize performance and mitigate drilling dys-

function. From a drilling efficiency standpoint, 

low depth of cut leads to inefficient drilling 

and dysfunction such as bit chatter, 

vibration and whirl. A high depth of 

cut leads to efficient drilling but can 

induce stick/slip if not controlled.

New layout
The Stega efficient layout tech-

nique has taken the depth of cut 

from the bit level to the cutter 

level. Instead of using a global bit 

depth of cut, a Stega layout breaks 

down the individual cutter depth 

of cut and then optimizes for each 

cutting element. 

When analyzing a drillbit, it is 

critical to understand the forces 

on each cutter. A key finding of 

individual cutter testing is that 

forces are related to a combina-

tion of both engagement area and 

perimeter length of engagement. Managing the combi-

nation of cutter engagement area to cutter perimeter 

of engagement has unlocked the potential for backup 

cutters on a drillbit.

The updated cutter force models have led to a backup 

cutter layout in which the backup cutters no longer trail 

their parent cutter on the same blade. Backup cutters 

placed in the traditional sense on the same blade as the 

parent cutter will experience a very low cutter level depth 

of cut with a high perimeter of engagement, which is due 

to the bottomhole pattern generation and yields very inef-

ficient use of the backup cutters. When the backup cut-

ters engage, the weight on bit required increases and the 

cutter is more susceptible to wear and damage. By moving 

the backup cutter to a different blade, a completely dif-

ferent engagement shape can be created due to other 

cutters on the bit carving up the bottomhole. 

The real key to the efficient layout technique is expo-

sure. If the backup cutters are not underexposed from the 

primary cutters, it is likely that drilling efficiency will suffer 

from the start. Likewise, if they are underexposed too far 

from the primary cutting structure, they will not do 

any work until it is too late and again drilling 

efficiency will suffer. Through dull evalu-

ation and a detailed understanding of 

the application, Halliburton’s Design 

at the Customer Interface (DatCI) 

process is used in combination with 

cutter force and wear models to 

place the backup elements at the 

correct location to provide maxi-

mum life and ROP.

Case studies
Drillbits designed utilizing the Stega 

efficient layout technique have 

been proven around the globe in 

some of the harshest drilling envi-

ronments. In an interbedded tran-

sitional application in the North 

Sea, Stega was utilized to minimize 

impact damage to the shoulder of 

the drillbit by better-distributing 

cutter loads while transitioning from a 5-kpsi shale to a 

40-kpsi limestone at an inclination of 50 degrees. 

The drillbit was able to complete the section with one 

bit and one bottomhole assembly (BHA) versus two 

to three drillbits for the offset wells leading to a 37% 

increase in footage over the best offset. It also increased 

Backup cutter provides increased 
footage and ROP

A change in cutter layout on a drillbit improved engagement with formation rock.

This bit design utilizes the Stega layout process 

where the backup cutter is not located on the 

same blade as the primary cutter it is trailing. 

(Source: Halliburton)
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the ROP by more than 14% over the best offset and 

came out with a 1-1-CT dull condition rating while the 

average dull through the transition section was pulled 

with a 4-4-BT dull condition. 

Additionally, Stega outperformed its offsets in an 

abrasive sandstone in Argentina. In the application, 

bits were pulled after only 381 m (1,250 ft) of drilling 

due to extreme abrasive wear. The large wear flats were 

leading to very low ROPs of only 1.8 m/hr to 3 m/hr 

(6 ft/hr to 10 ft/hr). The bit was redesigned keeping 

the same primary cutting structure but adding backup 

cutters using the new Stega layout technique. The goal 

of this design was not to absorb impact load from tran-

sitional drilling but rather slow down the progression of 

wear as the wear flats were the reason for the bits being 

pulled. The underexposure of the backup element was 

customized through the DatCI process to keep the cut-

ting structure sharp longer. This resulted in a bit that 

drilled 97% more footage at an equivalent ROP of the 

offsets by adding backup cutters.

In yet another application, a Stega backup cutter bit 

was used in the Permian Basin with the goal of reduc-

ing a curve lateral for an Upper Wolfcamp target from 

two BHA runs to a single BHA run. This application 

utilized a conventional motor to drill the curve and 

then push as far as possible into the lateral before 

tripping for the ROP and finishing the lateral with a 

new bit. When the 8½-in. GTD64DC bit with backup 

cutters placed in the Stega layout configuration was 

used, the results were outstanding. Not only did the 

bit meet the goal of a single BHA run but made it in 

record ROP compared to the offsets. The GTD64DC 

completed the 2,585-m (8,483-ft) section in one run 

while the best offset managed only 1,839 m (6,033 ft), 

a 41% increase in footage over the best offset. It was 

anticipated that if the bit completed the section in 

one run that the ROP would be sacrificed, but that 

was not the case. The backup bit improved ROP by 

19% over the best offset and nearly 25% better than 

the average offset. 

DRILLBIT  
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Reza Rahmani, NOV 

F
ailing the rock and removal of failed rock are the 

two primary components of controlling drillbit 

efficiency. The main driver of efficiency varies across 

rock types; in sandstone, for example, failing the rock 

is more important, while in shales removing the rock 

is critical. A proper design will ideally address both 

requirements but focus on whichever of the two is the 

major efficiency driver. In response to this, National 

Oilwell Varco (NOV) developed ION shaped cutter 

technology, where the geometry of the PDC cutter is 

designed according to the rock type.

Differences in rock failing
Shale exhibits ductility under confining pressure and 

cuttings form in the shape of long ribbons that extrude 

up the face of the cutter, resulting in energy losses due 

to friction at the cutter-to-cuttings interface. The long 

shale ribbons are hard to evacuate, resulting in the cre-

ation of a cuttings bed in deviated and horizontal wells. 

In some cases the long ribbons coalesce to form a ball 

on the face of the bit and junk slot area, which causes a 

significant drop in ROP and costs the operators a trip to 

clean the bit. 

Failing the rock itself carries a bigger weight than the 

removal of cuttings in sandstone as the rock mostly fails 

in brittle mode, and cuttings are in the form of small 

chips. In carbonates both cuttings creation and removal 

need to be addressed as the rock strength is medium 

to high and rock fails in ductile mode under pressure. 

However, the rock ductility is lower than shale. 

Salt is another rock that is typically drilled with PDC 

bits. Fracture initiation and propagation were investi-

gated by triaxial testing and compared with pressurized 

drilling tests. Researchers concluded that the rock fails 

in ductile mode and continues to carry the load even 

after the initial failure, most likely due to the micro-

structural bond between salt particles. 

Customized geometries
ION shaped cutters combine NOV’s PDC cutter technol-

ogy, enhanced with the latest leaching techniques, with 

unique application-based geometries. All the new geom-

etries were optimized for maximum rock-cutting effi-

Controlling drillbit efficiencies  
at the rock face

The geometry of a PDC cutter customized to rock type delivered an improved ROP.

Bit dulls (left) achieved a dull grade of 1-1-CT-S-X-I-WT-BHA. The performance chart (right) shows the improvement in ROP using ION 

4D cutters versus offset runs. (Source: NOV)
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ciency while maintaining cutter durability via analytical 

and numerical cutter-rock-cutting interaction modeling, 

finite element analysis, computational fluid dynamics 

and pressurized drilling tests on different rocks, includ-

ing limestone, sandstone, shale and salt. 

The first geometry developed was the ION 2D for use 

in shale applications. Adding a large chamfer to the 

noncutting side of the cutter reduced contact surface 

between cutter and cuttings. This chamfer directs the 

flow toward that interface to help with breakage of cut-

tings ribbons. Pressurized laboratory testing indicated 

a 20% improvement in ROP using these cutters. More 

importantly, a reduction in the typical size of cuttings 

ribbons from 3 in. to 4 in. to less than 1 in. This reduc-

tion resulted in improved hole cleaning and mitigation 

of global bit balling. 

NOV also developed ION 3D and ION 4D cutters for 

better fracture initiation and propagation. Both cutters 

are designed to increase stress concentration in the for-

mation by point loading. Point loading from an ION 4D 

cutter comes from a chisel-shaped tip combined with a 

plow-shaped nonplanar geometry that also includes a 

chamfer on the noncutting side to maximize point load-

ing while enhancing cuttings evacuation. Pressurized 

laboratory testing in different rocks including halite, 

Torrey Buff sandstone, Carthage marble and Catoosa 

shale indicated not only up to a 61% increase in ROP 

for the same weight-on-bit but also up to a 34% increase 

in ROP when the torque is kept constant. The latter 

is especially crucial to improve efficiency and aim for 

higher ROP in applications where surface torque is a 

limiter. Some examples of such applications include the 

salt section in the deepwater Gulf of Mexico and long 

laterals in unconventional reservoirs where frictional 

energy losses in the drillstring consume the majority of 

available torque at the surface.

Case studies
In the San Juan Basin, an operator ran two 8¾-in. 

ReedHycalog TK56 bits, one utilizing ION 2D shaped 

cutters. The first bit drilled 1,273.4 m (4,178 ft) in 18 

hours for an average ROP of 70.7 m/hr (232 ft/hr). 

With input from the ReedHycalog team, the opera-

tor elected to run the TK56 with ION 2D cutters for 

improved cuttings evacuation with the high instan-

taneous ROP that they were able to achieve. The bit 

drilled 1,174.4 m (3,853 ft) in 12 hours for an average 

ROP of 97.8 m/hr (321 ft/hr), resulting in a new 

record 8¾-in. section for the operator. 

In a 12¼-in. section in Oman, an operator was drill-

ing an interbedded formation with lithologies ranging 

from limestone and sandstone to dolomite and shale. A 

TK66 bit was designed for the application and equipped 

with ION 3D cutters after close collaboration between 

the operator and NOV team. The section, which was 

normally drilled in two runs with average ROP below 

14.9 m/hr (49 ft/hr), was drilled in one run with ROP 

more than 29.8 m/hr (98 ft/hr). 

ION 4D is the newest NOV shaped cutter and is in 

field testing. An operator in Pinedale, Wyo., decided to 

use ION 4D cutters in an interbedded application that 

consisted of sandstone, limestone, shale and salt with 

unconfined compressive strength ranging from 10 ksi to 

30 ksi. An 8¾-in. six-blade bit with ION 4D cutters drilled 

601.6 m (1,974 ft) in 12.27 hours, resulting in an overall 

average ROP of 49 m/hr (160.9 ft/hr)—45% faster than 

the average offset ROP of 33.9 m/hr (111.3 ft/hr). This 

also was 15% faster than the fastest offset run regardless 

of bit design. Also, when compared with the same bit 

design without ION 4D cutter, this bit was 19% faster. 

As there continues to be a need to drive down drilling 

costs, the use of more efficient PDC cutters is inevitable. 

The current pricing environment and the growth of 

unconventional shale has made the development of 

new shaped PDC cutters a necessity. Supported by 

extensive field testing and R&D, NOV’s new cutters 

advance both cutter-rock interaction modeling and test-

ing and cutter material and manufacturing technology. 

By adopting such technologies, the industry will see the 

type of performance improvements needed to maximize 

value in challenging drilling environments. 

DRILLBIT  
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Point loading from an ION 4D cutter (upper right) comes from the  

chisel-shaped tip combined with a nonplanar geometry.  

(Source: NOV)
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FRACTURING

Sudhendu Kashikar, Reveal Energy Services  

D
espite the prolific use of hydraulic fracturing, an 

understanding of fracture growth and the overall 

fracture network continues to be elusive. Like the unas-

sembled pieces of a puzzle, knowing how the fractures 

fit together to form a complete picture of the network 

often relies on preconceived ideas. The reason is simple: 

older fracture map technology, which would more clearly 

bring the picture into view, is complicated, intrusive and 

expensive. Operators typically acquire 

fracture map data for less than 10% 

of U.S. onshore unconventional wells. 

The effect of this limited knowl-

edge about the fracture network 

has prevented operators from 

making fast, informed decisions 

that would validate the completion 

design with minimal operational 

risk and cost. Based on large 

amounts of data and analysis, 

Reveal Energy Services’ new frac-

ture map enables operators to 

understand each unit’s fracture 

geometry. Operators are improving 

decision-making about well spacing 

and each completion as they move 

forward on field development. 

An Eagle Ford operator utilizing 

this approach evaluated several 

completion designs with the goal 

of reducing costs and the number 

of stages by increasing stage length 

while still achieving the same frac-

ture geometry as the historical 

design. The pressure-based fracture 

map and the operator’s better decisions reduced com-

pletion costs by 20%. 

Enhanced fracture diagnostics
The operator had completed several wells in the Eagle 

Ford using completion and production data to establish 

the baseline design. However, the operator wanted a 

streamlined approach for its next phase.  

Older fracture map methods, which are five to 10 

times the cost, take considerably longer to generate. 

Because of this extended wait time to receive a fracture 

map, an operator typically will have completed several 

additional pads without knowing the fracture geometry 

of the first pads. Without this information, the operator 

does not have a documented and reliable method to 

enhance the completion. 

Instead of using older technology that requires this 

waiting time and interferes with hydraulic fracturing, 

the operator deployed IMAGE Frac pressure-based 

fracture maps on several pads. This 

cost-effective technology offers a 

fast turnaround with proven, reli-

able results using only a surface 

pressure gauge. The fracture maps 

are field-proven in more than 2,500 

hydraulic fracturing stages through-

out the U.S. 

The technology is based on a mon-

itor well pressure gauge that records 

the poroelastic pressure response 

from a nearby treatment well that was 

hydraulically fractured. Using these 

data, Reveal Energy Services’ geo-

scientists and completion engineers 

compute the pressure-based map 

that quantifies fracture geometry for 

each treated stage. The map includes 

fracture half-length, height, asymme-

try, and azimuth and how fast these 

dimensions grew. The map serves as 

a diagnostic tool that supports well 

objectives with relevant data in rele-

vant time.

Informed, better decisions
The pressure-based fracture map allows an operator to 

optimize a stimulation treatment by continuously apply-

ing lessons learned from data collected and analyzed on 

every well. The map’s fracture geometry of half-length, 

height, azimuth and asymmetry determines whether 

the operator needs to change the treatment to match a 

development’s varying geology. Because of this geologic 

variability, the effect is that, in many cases, wells even 

Understanding fracture networks
An Eagle Ford operator reduces completion costs by increasing stage length.

Pad 1 Pad 2

200-ft stage length; 6 clusters/stage (old design)

250-ft stage length; 9 clusters/stage (new design)

FIGURE 1. This illustration shows an Eagle 

Ford operator’s original and new design of 

a pad layout completion design.  

(Source: Reveal Energy Services) 
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very close to one another will produce vastly different 

amounts of oil and gas. 

Previously, to overcome this nagging and often costly 

issue, an operator could validate the completion design 

using temperature and production logging, radioactive 

tracers, borehole imaging, tiltmeter mapping and micro-

seismic monitoring. But all of this technology that char-

acterizes and maps the fracture network is complicated, 

intrusive and expensive, significantly limiting an opera-

tor’s ability to update the completion on every well.

There is an opportunity for greater reservoir under-

standing. When an operator is working in an unconven-

tional field, completing a well and draining the reser-

voir efficiently are the most important goals. By having 

a simple, accurate, affordable view of what’s happening 

downhole after a stimulation treatment at one-tenth the 

cost of the older methods, an operator can resolve the 

geologic variability issue by making informed, better 

decisions based on every well’s fracture geometry data 

and analysis.

With a rapid turnaround time of a few hours to a few 

days, the pressure-based fracture map can significantly 

shorten the wait time for completion design validation 

compared with the slower methods that can take up 

to six months. If the end goal is to ascertain how a few 

adjacent wells communicated during treatment, an 

electromagnetic tracer may be the best option. When 

an operator wants to evaluate the completion strategy 

for an entire field and determine if there is production 

consistency, the pressure-based fracture map is practi-

cal because of lower cost and the unintrusive footprint, 

enabling statistical data analytics across multiple projects.

Case study 

The operator in the Eagle Ford designed a study that 

evaluated the effect of increasing the stage length to 

reduce completion cost. The goal was to determine if 

the new design would provide a similar fluid efficiency 

for more clusters per stage with similar fracture geome-

try per cluster.

HYDRAULIC  
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The two designs were implemented on nine wells 

across two pads to eliminate any geologic variability 

with the results. Wells on these two pads alternated 

between the previous 61-m (200-ft) 

stage, six clusters per stage design 

and the new design with a 76.2-m 

(250-ft) stage and nine clusters per 

stage, as shown in Figure 1. The 

fluid and proppant volumes were 

adjusted to ensure the same fluid 

and proppant volume per cluster for 

both designs. 

A standard pressure gauge on 

the monitor well recorded during 

the zipper fracturing process the 

poroelastic pressure response 

generated by the newly created 

fractures in the treatment well. This simple, accurate 

and affordable data acquisition ensured the mon-

itoring of a majority of stages without sacrificing 

zipper fracturing efficiency. Reveal Energy Services 

processed data from all nine wells to compute the 

fracture geometry, in addition to the fluid and clus-

ter efficiency for each stage. 

Figure 2 shows the results of the fracture half-

lengths for both pads. The plots show the fracture 

length for each design for every stage monitored. The 

results show that for a given pad the median fracture 

length was comparable for the 61-m and 76.2-m stage 

lengths. Both designs also showed comparable fluid 

and cluster efficiency. 

The new design of 76.2-m stage 

length with nine clusters allowed 

the operator to decrease the num-

ber of stages by 20% per well, a sig-

nificant cost saving on future pads. 

Conclusion
A pressure-based fracture map with 

fracture geometry of half-length, 

height, asymmetry and azimuth 

serves as an accurate diagnostic 

tool to understand the effective-

ness of a given completion design 

in producing the desired fracture geometry. With this 

information, operators can also conduct properly 

designed tests to rapidly determine the depth of the 

proppant within the fracture. It also allows operators 

to understand whether a diversion design is working 

and if the fluid is distributed equally between multi-

ple clusters. All of these data are vital for an operator 

to make informed, better decisions that increase 

hydraulic fracturing efficiency to reduce the costs of 

future completions. 

200-ft stage length; 6 clusters/stage (old design)

250-ft stage length; 9 clusters/stage (new design)
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FIGURE 2. This illustration confirms that the new completion design with a 15-m (49-ft) longer stage length and three additional  

clusters per stage will achieve similar fracture geometry as the historical design. The new design will reduce completion costs by 

20%. (Source: Reveal Energy Services)

The map serves  

as a diagnostic tool 

that supports well  

objectives with 

relevant data in  

relevant time.
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O
ne of the ten largest US operators asked Seismos to 

evaluate its treatment effectiveness and completion 

designs for the lower Wolfcamp A formation. The goals 

were to identify the types of fracture systems created across 

the lateral, and how such systems influence production. 

The project encompassed a two well pad and was com-

pleted in early 2018. Each lateral was composed of approxi-

mately 45 stages and was treated with a single design.

Delivery: Seismos used its non-invasive equipment 

suite (KVIEW™) to acquire and deliver real-time data 

that enabled the operator to make on-the-fly decisions, 

while having no impact on operations.  The instrumen-

tation consisted of a proprietary sensor and source con-

nected on the wellhead.

By sending a series of pulses down the fluid column 

at specific times during the treatment, Seismos remotely 

interrogated the subsurface for each stage. Various 

wellbore properties, near wellbore fracture conductivity, 

network complexity, effective propped fracture length, 

and far-field fracture network connectivity to the reser-

voir were computed. 

Description of Findings: In addition to Seismos’ mea-

surements, Sonic Logs, Tracers, and Geochemical data were 

collected. Sonic logs and Geochemical data indicated two

different zones (A & B) across the lateral of the subject wells.

The pump design resulted in the development of two 

distinct types of fracture systems with significantly dif-

ferent characteristics. Seismos’ measurements identified 

a fracture system with 2x higher near-field complexity 

and conductivity values in zone B, compared to the frac-

ture system developed in zone A of the lateral. 

Seismos’ KVIEW™ technology also found that the 

near-wellbore complexity had an inverse relationship with 

the extension of the fracture network. Zone A, while a less 

complex fracture network, had a 32% larger average effec-

tive propped fracture length compared to zone B. 

Impact on Production: Zone A covered ~50% of 

the lateral and had significantly higher hydrocarbon 

content than zone B; however, zone B had an overall 

higher brittleness index.

Tracer data provided additional insights for the  

production performance of the two fracture systems.

Despite having significantly lower hydrocarbon content than 

zone A, zone B was producing over two times more hydro-

carbons on an average stage basis (tracer data, 90 days). 

Lower hydrocarbon quality rock yielding higher 

production was attributed to the development of an 

enhanced near wellbore complexity system, which was 

accurately measured by Seismos and supported by the 

geomechanical rock properties. 

Conclusion: Seismos’ KVIEW™ unlocked an under-

standing of the stimulated fracture systems developed 

across the lateral, measured with precision their extended 

reservoir connection, and identified the near field con-

ductivity and complexity as the dominant production 

drivers. Correlations with Sonic Logs, Tracers, and Geo-

chemical data proved that KVIEW™ empowers operators 

to enhance production contributions of each stage.

Company Brief: Seismos is a technology company 

offering completion diagnostics for the Oil and Gas 

industry. Seismos’ KVIEW™ offers the industry’s first 

non-invasive, direct measurement of fracture properties 

for real-time fracturing treatment evaluation. Seismos 

has applied its technology to more than 60 wells across 

various U.S. plays, including Permian Basin, Eagle Ford 

trend, Austin Chalk formation, Haynesville/Bossier 

shale and DJ Basin.  
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Matt Meiners, Enventure Global Technology 

R
ecent shifts in the economics of oil and gas produc-

tion have driven operators to focus more attention 

on enhanced production techniques. What operators 

strive for is not only improved production within a well 

but also predictability of the refracture effectiveness 

across all their assets.  

Fluid versus solid diverters
Fluid diversions, which use degradable or other agents 

to stimulate and/or plug existing fractures, have been 

shown to be effective in refracture operations. But pro-

duction results can sometimes be inconsistent. Some in 

the industry refer to such methods as “pump and pray.” 

Alternatively, mechanical zonal isolation methods, such 

as a packer or complete installation of a new liner, offer 

the operator more control of the placement of the 

isolation. When a new liner is installed, the previous 

perforations are isolated, which provides more control 

to precisely place, perforate and fracture new stages. 

Having the ability to plan and place new fractures can 

provide more confidence in the refracture operation 

than pump-and-pray methods.  

The advantage of the expandable liner is that the 

increased inside diameter (ID) reduces pressure loss, 

which, in turn, allows higher flow rates when fractur-

ing. For example, when a 3.5-in. liner (2.750-in. ID) 

is installed and cemented within a 5.5-in. production 

liner, flow rates can be limited to 40 bbl/min to 70 

bbl/min. A 4.25-in. expandable liner will have a post 

expanded ID of 4 in., which can achieve 70 bbl/min to 

80 bbl/min with treatment pressure exceeding 10,000 

psi. Installation of the expandable liner provides addi-

tional value by not requiring a cementing operation.  

The number of these installations completed by 

Enventure tripled between 2014 and 2016. During this 

time, expandable liners shifted from vertical refrac-

tures to more horizontal refractures, and the total 

length continued to grow, with some exceeding 1,524 

m (5,000 ft).   

Understanding tensile forces
During an expandable refracture liner installation, the 

tensile forces within the liner need to be well understood. 

Four components contributing to the total tensile force: 

• Residual force from expansion after cladding into 

the base casing;  

• Force due to ballooning when fracture pressure  

is applied; 

• Force resulting from thermal contraction that 

occurs when the liner is cooled from bottomhole 

temperature to near-surface temperature by circu-

lating fracture fluid; and  

• Force from the piston effect as pressure acts on 

each fracture plug to stretch the liner.  

Figure 1 shows the contribution of each of these forces. 

With high reservoir temperatures 148.8-plus C 

(300-plus F) or high treatment pressures (10,000 

psi), the sum of these forces can exceed the lim-

itations of an expandable connection and cause a 

leak or a separation. To broaden the operating win-

dow for expandable liners used in mechanical isola-

tions, improvements were needed to strengthen the 

connection for these environments.  

New expandable connections 
Enventure initiated a development effort that 

resulted in two new types of expandable connec-

tions. Conventional expandable thread designs 

are typically flush or semi-flush connections that 

Improving zonal isolations  
when refracturing

Advancements in expandable liners provide more options.

FIGURE 1. The graphic charts the contribution of forces in an expandable liner 

during a refracturing operation. (Source: Enventure Global Technology)

Plug Depth (Measured Depth, ft)
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can handle tension ratings ranging from 50% to 60% of 

the pipe body ratings and seldom greater than 75% of 

the pipe body ratings. Enventure enhanced its existing 

connection by 16% by increasing the critical cross section 

within the thread design. This increased rating allows 

installations with bottomhole temperatures in the 107.2 C 

to 121.1 C (225 F to 250 F) range (depending on ambient 

temperatures). A second high-temperature connection 

provides 39% higher tensile rating. This was achieved by 

combining a new expandable thread design on a thicker, 

or upset, pipe body end. This tensile rating allows instal-

lations with bottomhole temperatures in the 148.8-plus 

C range. Extensive finite element analysis was conducted 

on the new thread designs to simulate the expansion pro-

cess, resulting in a modified expandable cone profile that 

ensures optimal expansion of the thread form as well as 

improving post-expansion seal reliability. 

Testing and validation 
Both connection designs were validated by conducting 

post-expanded internal pressure to failure, tension to 

failure and many combined pressure and tension loads 

to simulate various downhole conditions. During testing 

the API tensile yield rating improved enhanced connec-

tion from 190 kips to 225 kips and high-temperature 

connection to 265 kips. Combined loading conditions 

for a standard connection held up to 10,000 psi and 173 

kips while the enhanced connection held to 14,500 psi 

and 260 kips; the high-temperature connection held at 

17,000 psi and 356 kips.  

During cyclic loading, to simulate cyclic loading while 

fracturing, the enhanced connection was tested for 120 

cycles and showed no leak or pressure loss. The tests were 

performed under combined pressure and tension to

• 90% of connection ultimate failure loads (236 kips 

and 12,860 psi), 40 cycles;  

• 95% (250 kips and 13,575 psi), 40 cycles; and

• 100% (263 kips and 14,290 psi), 40 cycles. 

The sample was then taken to failure (greater than 

290 kips and greater than 16,000 psi) where failure 

occurred at 110% of connection ultimate loads. All of 

the above calculations were based on 110-ksi yield and 

125-ksi ultimate.  

Planning mitigates risk
When planning an installation, a sensitivity analysis is 

performed using the operator’s specific fracture design 

and parameters. Maximum and minimum values of 

bottomhole and ambient temperature, fracture fluid 

density, treatment pressure and estimated reservoir 

pressure are all considered. The result of this analysis 

is a distribution of the stress state in the liner at each 

plug location. This distribution is compared to the safe 

operating envelope of each connection type to select 

the appropriate system to be used. This is conceptually 

shown in Figure 2.    

The operating envelope for each connection is 

shown relative to treatment pressure and bottomhole 

temperature. The dots represent the distribution of 

stress states in the liner for a sample analysis done for a 

Permian Basin well. The range of fracture parameters 

for this example falls within the specifications of the 

enhanced connection. However, one point falls into the 

high-temperature connection specifications. This result 

would then prompt selection of the high-temperature 

connection or to avoid the conditions resulting in that 

scenario, in this case not exceeding 10,000 psi.   

Installations
The first field installation of the enhanced expandable 

liner occurred in South Texas where 1,524 m (5,000 ft) of a 

4¼-in. liner was installed and expanded inside a 5½-in. liner 

with a bottomhole temperature of 110 C (230 F). A second 

137.1-m (450-ft) installation occurred in West Texas, also 

inside 5½ in. at a bottomhole temperature of 73.8 C (165 

F). Both installations were successfully installed, pressure 

tested and fractured with no indication of pressure loss.   

Production results are pending.   

Expandable liner companies have completed numer-

ous successful refracture installations in most basins in 

the U.S. During this growth it was learned that improve-

ments were needed in expansion technology—along 

with preplanning collaboration with the operator—to 

perform installations in more extreme environments. In 

collaboration with the company’s clients, Enventure has 

extended the safe operating window with a tiered offer-

ing of expandable liners to provide zonal isolation rang-

ing from vertical refratures to long horizontals and now 

into higher temperature environments. 

HYDRAULIC  
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FIGURE 2. The graphic details the operating envelope for  

various expandable connection types. (Source: Enventure 

Global Technology)
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Brad McFarland, WellAware

T
he cyclical oil and gas industry finally appears to be 

back on the upswing and poised for growth. Compa-

nies that survived the downturn by becoming more effi-

cient are seeking a new competitive edge in production 

optimization through the use of the Internet of Things 

(IoT) and cloud technology. These types of technologies 

are the gateway to a new wave of innovation in the oil 

field as they consolidate infrastructure, data collection 

and bandwidth costs while allowing for a greater data col-

lection footprint, control and analytics capabilities.  

Using IoT technology and cloud infrastructure ben-

efits the entire life cycle of a well and is easier to inte-

grate and less expensive to implement than one might 

think. How much of an impact to the bottom line can 

the use of this technology make? With a secure and 

timely transit data path to the cloud, companies can 

reduce production management expenses by up to 

15% with downtime reduced by at least 30%. Safety and 

regulatory compliance also can be improved by at least 

30%, driven largely by reduced trips to the field and 

easy reporting capabilities.  

Oilfield data collection
Oilfield data collection, which consists of pressure, tem-

perature, level, flow measurements, equipment param-

eters and control devices on a well pad, are used to 

provide valuable insight to deploy capital to ensure the 

timely delivery of hydrocarbons. The use of an edge-to-

cloud solution enables real-time data to ensure all assets, 

including those previously considered stranded, can be 

monitored at a low cost. 

For example, the WellAware Integrated Radio & 

Controller (WIRC) is an edge computing direct-to-

cloud device that can be located in Class 1/Division 1 

or Class 1/Division 2 locations. The WIRC is able to 

sample various data inputs at frequent intervals, even 

storing those data to forward if the device is offline. It is 

able to adjust various equipment parameters in the field 

without requiring someone to visit the site, resulting in 

faster response times and a more efficient use of labor. 

Data can be processed on the edge or sent to the cloud 

for more advanced analytics.  

Optimizing production starts with good information, 

and data need to be collected from remote equipment, 

the reservoir and the transport infrastructure to ensure 

the continuous flow of hydrocarbons to the surface. As 

data are managed, there is a maturity process moving 

from descriptive analytics to diagnostic analytics to pre-

dictive analytics to prescriptive analytics. The insight 

gained from these analytics allows better decision-mak-

ing to manage workflow and keep equipment running 

at peak performance.

Wellsite data analytics
Data analytics can be subdivided into four categories: 

descriptive analytics describes what has happened; diagnos-

tic analytics describes why something happened; predictive 

analytics describes what will happen; and prescriptive ana-

lytics describes how to make something happen. 

Getting data to market
Effective production optimization starts with good data.

The WIRC is an edge computing device that enables real-time 

data collection, exception-based monitoring and actionable 

analytics. (Source: WellAware)
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Descriptive and diagnostic analytics have a long his-

tory in data acquisition but can be greatly enhanced 

when visualization is tailored to personas or roles within 

an organization or combined with additional datasets to 

provide situational context.  

For instance, wellsite descriptive analytics is constantly 

tracked as readings are sent through a secure, inte-

grated cloud system. The data are then logged, parsed 

and used to derive additional data that provide valuable 

insight into what operational activities have happened 

over time. These data should be visualized on role-

based dashboards that provide logical, easy-to-read out-

of-the-box reports and trending charts that are available 

on mobile apps so an engineer, technician or executive 

can easily access the most relevant information they 

need to better perform their jobs. 

In using diagnostic analytics, historical data can be 

used to match a real-time dynacard to existing issues 

like fluid pound, unanchored tubing, gas interference, 

hole in barrel, incomplete tubing fill, worn pump and 

more. Armed with this information, the extrapolated 

numbers and calculations can be used to evaluate low 

production and either adjust run parameters or deter-

mine maintenance needs that can increase production.

Emergence of smart analytics
With the availability of cloud infrastructure, edge 

computing and advancements in numerical methods, 

predictive and prescriptive analytics now are able to be 

implemented in real time on production data, providing 

new ways to optimize production.  

For example, in using predictive analytics, real-

time data are collected from artificial lift equipment 

and then transmitted to the cloud. Numerical and 

machine learning models are fed the data collected 

and, after processing, are able to detect patterns and 

trends that indicate when a failure will occur under 

the current loading and environmental conditions. 

In turn, the artificial lift equipment can then have 

its operational parameters changed from commands 

sent from the cloud to the artificial lift equipment so 

as to extend its life and allow for planned downtime 

to make needed repairs.

Alternatively, prescriptive analytics provides action-

able insights that can be computed in the cloud or 

on the edge. As an example, to ensure that corrosion, 

paraffin, calcium or hydrate buildup does not begin, 

chemical concentrations can be altered to maintain a 

prescribed parts per million concentration to slow these 

effects. Based on data collected around the well site, the 

injection pumps then can be told to adjust their output 

as the production system changes to ensure uptime and 

maintain flow assurance of the system. 

The ability to perform the various wellsite analytics 

can be even more enhanced by the use of edge comput-

ing. When computational power is available right at the 

point of data collection, data can be processed quickly 

into information that can then be acted upon, thus 

allowing new discoveries into equipment efficiencies 

and workflows.  

Enhancing workforce efficiency
Utilizing edge-to-cloud data collection does not eliminate 

the use of manpower, but it greatly reduces the time and 

travel of technicians in the field. Data that are collected are 

used to design new workflows so technicians are assigned 

routes to the most pressing issues and bypass sites where 

everything is working properly. Incorporating a mobile 

device into this workflow allows immediate response to a 

situation by the technician, easier access to data at the well 

site and the ability to capture nonsensor data.  

When sites do require a visit, inexperienced field per-

sonnel gain 20 years of experience when armed with the 

right information. They no longer have to recall expe-

rience or training to troubleshoot a problem—informa-

tion can be presented on the mobile device that informs 

them of the correct parts to replace and procedure or 

safety protocols to follow. 

Conclusion
Digital intelligence that will help the industry evolve is 

found in the edge to cloud-based process of getting data 

to market. By increasing the footprint and quality of 

data collection on a well site, companies of any size are 

able to be more adaptive in their deployment of person-

nel, inventive in their analytical methods and competi-

tive in their cost to deliver hydrocarbons. 
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A field technician uses the WellAware mobile app to access 

real-time data onsite. (Source: WellAware)
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Doug Finley and Michael Redman, Halliburton

M
ultistage hydraulic fracturing of horizontal wells in 

unconventional reservoirs is widely recognized as 

the driving force behind the resurgence of hydrocarbon 

recovery in North America land operations. However, 

once the hydraulic fracturing operation is complete, the 

flowback program can actually be the key to a well’s ulti-

mate performance. Generally, maximizing IP has been 

the historic metric used to dictate well flowback proce-

dures. This has typically resulted in flowback programs 

that aggressively bring the well online and minimize the 

time to bring the well to production, with little science 

or engineering applied to the flowback itself. 

Investigations show that these aggressive flowback 

practices can contribute to a well’s completion damage, 

resulting in significant losses to the designed fracture 

half-length, and consequently reducing the well’s per-

formance and ultimate hydrocarbon recovery.

Engineering the fracture flowback 
The application of an engineered flowback program in 

unconventional wells has the proven ability to minimize 

well and completion damage following a hydraulic frac-

turing treatment. The Halliburton CALIBR engineered 

flowback service helps operators minimize completion 

damage and optimize the well’s performance both in 

terms of productivity and EUR. The CALIBR service 

manages the drawdown pressure in the horizontal lat-

eral to minimize damage that could be introduced into 

the fractures and maximize hydrocarbon recovery. This 

is achieved by managing choke adjustments during the 

flowback using an analysis of the acquired flowback 

data, which are updated at regular intervals.

The flowback well test equipment shown in Figure 1, 

moving progressively downstream from the wellhead, 

includes (but is not limited to) plug parts catcher, 

choke manifold, wellhead desander, separator, fluid 

tanks and gas flare.

Halliburton flowback equipment and personnel 

help ensure that high-quality rate data are captured 

during the flowback—a crucial element of the analysis. 

Additionally, the Halliburton self-powered intelligent 

data retriever (SPIDR) system is the key component 

that works in collaboration with the well testing equip-

ment to deliver the engineered component of the 

flowback service. The SPIDR system is a surface data 

acquisition device that captures high-accuracy and 

high-resolution pressure measurement data using a 

dual-quartz-crystal transducer. The SPIDR system con-

nects to the wellhead and records pressure data every 

second during the flowback. These high-frequency data 

are necessary for the CALIBR service, providing more 

detail regarding the pressure behavior of the well than 

what is recorded on hourly flowback reports.

When the well is opened, monitoring and measure-

ments begin immediately. Using industry rate/pressure 

transient analysis techniques, the CALIBR engineering 

team makes recommendations to the operator for the 

next planned choke adjustments, and the process is 

repeated. The subsequent recommendations for the 

next choke setting are progressively performed, with 

Improving production through 
enhanced flowback programs

A successful application of engineered flowback services in unconventional wells  

reduces completion damage and improves performance.

FIGURE 1. This layout shows a typical well test equipment setup for 

an engineered flowback. (Source: Halliburton)
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each transient being monitored and evaluated. Further 

monitoring also is performed for changes in water- 

hydrocarbon ratios, and such changes being accounted 

for when recommending any subsequent increase to 

the next choke size. 

The culmination of the engineered 

flowback is dictated by one or more of 

several different criteria determined 

during prejob collaboration between 

Halliburton and the operator. For exam-

ple, if the operator has a predetermined 

maximum allowable drawdown for the 

well, then that becomes the final target. 

However, if the operator has a facility 

constraint or a bottleneck that restricts 

a well’s overall productivity, then that 

becomes the final target. Ultimately, if a 

well is producing at too high of a draw-

down such that hydraulic fracture con-

ductivity is negatively impacted, then this 

becomes the target rate at which the well 

would benefit from remaining below.

Case history

Well A and Well B are two similar wells 

in West Texas that were completed in 

the same formation at similar depths. 

Both wells had similar stimulation 

designs (number of stages, proppant 

load and load fluid), and both wells 

were completed with similar horizontal 

lateral lengths. The primary differ-

ence between the two wells was the 

post-fracturing flowback. On Well A 

the operator did not employ an engi-

neered flowback schedule and instead 

aggressively flowed back the well with 

multiple choke changes early in the 

period and no true engineering to determine the next 

change in the flowback schedule. 

Contrary to the approach for Well A, the diagnostic 

analysis of the Halliburton CALIBR engineered flow-

back service was applied to Well B. Prejob discussions 
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The flowback  

program can  

actually be the key  

to a well’s ultimate 

performance.
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between Halliburton and 
the operator resulted in a 
flowback schedule designed 
to minimize well damage 
introduced by standard 
aggressive flowback prac-
tices. The flowback began 
with a smaller initial choke 
size, and smaller, calculated 
adjustments to the choke 
size were made at regular 
intervals based on the ongo-
ing diagnostic analysis of the 
pressure transients created 
during the flowback. This 
equalized the pressure draw-
down across the lateral and 
minimized proppant mobili-
zation in the fractures. 

Summary
Although the hydrocarbon 
rates are comparable, the 
pressure drawdown required 
to achieve the rates in Well 
A is significantly higher than 
in Well B, despite similar val-
ues for permeability/thick-
ness (Figures 2 and 3). The 
calculation of effective sys-
tem fracture half-length 
showed a significant reduc-
tion in Well A compared to 
Well B (85 m versus 232 m 
[279 ft versus 761 ft]). This 
is indicative of the damage 
introduced to the comple-
tion resulting from the 
aggressive flowback sched-
ule pursued on Well A.  
Furthermore, the forecasted 
cumulative recovery for  
Well B after nearly 300 days 
is 13,000 bbl greater than  
Well A. Given the current 
average West Texas Interme-
diate oil price, that is a  
difference of more than 
$780,000 between the  
two wells (after less than  
one year). 
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FIGURE 2. This graph shows the flowback summary for Well A in which an engineered flowback schedule 

was not applied. (Source: Halliburton)

FIGURE 3. This graph shows the flowback summary for Well B in which the CALIBR service was applied.  

(Source: Halliburton)
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Tore Skogen, Emerson Automation Solutions

F
rom reservoir modeling and engineering through 

multiphase metering and corrosion and formation 

water management, production optimization strate-

gies are a major part of operators’ focus. Yet, just as 

operators know more about their reservoirs than ever 

before—through a combination of pressure, tempera-

ture, fluid and flow datasets—when it comes to access-

ing information downhole and, in particular, behind 

the well casing, operators too often fall short. 

Accessing information downhole
Accurate and real-time pressure information downhole 

is crucial to production optimization. The lack of such 

information can result in the need for well interven-

tion techniques, such as logging, perforating and plug 

setting. The access to such information is particularly 

useful when making reservoir management decisions 

related to metering, production allocation or choke 

settings. There are a number of downhole monitoring 

innovations and existing technologies available to meet 

these challenges. 

Emerson, for example, has developed a variety of 

gauges based on quartz crystal measurements designed 

for the most extreme of well conditions. The gauges 

continuously transmit digitized pressure and tempera-

ture data to the surface, from where data are acquired, 

processed and distributed.

Such gauges are being deployed in production, injec-

tion, observation and highly complex multizone intelli-

gent wells around the world where they generate reliable 

and real-time downhole information crucial to reservoir 

operations. Equinor’s (formerly Statoil) Gullfaks C pro-

duction platform in the North Sea, for example, has 

been using Emerson’s Roxar downhole gauges, uninter-

rupted and without maintenance or replacement, for 

more than 22 years. 

The need for flexibility
Another key driver in downhole operations is the need 

for network flexibility and for operators to be able to 

read not only gauge information but also downhole 

information from other types of instruments, such as 

position sensors, downhole multiphase sensors and 

other monitoring systems.

To this end, Emerson’s Roxar Intelligent Downhole 

Network can carry signals from the wellbore to the 

customer monitoring system while allowing operators 

to install multiple sensors on a single cable to form a 

complete asset management system downhole. In this 

Downhole data accessibility
Integrated technologies allow operators to make informed decisions on well integrity.

The Roxar Downhole Wireless PT Sensor System provides operators 

with access to online displays and trending of previously  

unreachable temperature and pressure subsurface data behind 

the well casing. (Source: Emerson Automation Solutions)
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way, the system also can form an interface with sandface 

monitoring and other well control tools.

Going behind casing strings
Yet, it is behind the well casing and in the annulus that 

there is perhaps the biggest information gap in produc-

tion optimization. A completed well normally consists 

of at least two annuli, with the annulus B often located 

between different casing strings. 

The annulus B is important because it is the area 

most likely to see the first indication of high pressures 

farther down the well. Such high pressures can lead to 

the deterioration of cement seals or loss of casing integ-

rity, and injection or reservoir gas migrating vertically 

along the outside of the casing. This can lead to uncon-

trolled gas escaping at the surface during workover 

operations and, in worst-case scenarios, a shallow gas 

blowout with significant offshore safety concerns.

Despite the annulus B’s importance, once the sealing 

and cementing takes place, operators are often unable 

to access this vital pressure and temperature informa-

tion and confirm or monitor well barrier integrity in 

accordance with industry standards.

The result is that in many cases the completion 

engineer is faced with either increasing the pressure 

ratings of the casing to compensate for worst-case 

scenarios (with the accompanying costs) or relying on 

shallow well zones to absorb pressure rises, which is an 

inexact science.

In some instances, wells have even been unneces-

sarily shut down in an effort to protect well integrity. 

The lack of such information also makes it difficult 

for operators to meet integrity monitoring standards, 

such as American Petroleum Institute (API) RP 90 and 

NORSOK D-010.

A downhole sensor system
To address this information gap and meet the need for 

compliance, Emerson has developed the Roxar Down-

hole Wireless PT Sensor System.

The system, part of the integrated downhole net-

work, provides operators with access to online displays 

and trending of previously unreachable temperature 

and pressure subsurface data behind the well casing. 

It has been tested at 225 C (437 F) and can withstand 

pressures of up to 20,000 psi. The result for operators 

is achieving online integrity verification without any 

impact on production. 

The system, which has a technology readiness 

level of 7 based on API recommended practices, and 

consists of a wireless reader, a wireless pressure and 

temperature transponder and antennae, can generate 

early warnings of abnormal conditions so that reme-

dial action can be taken. 

The sensor is installed externally to the steel casing 

and may be cemented into place in the well. Continuous 

power and data to and from the sensor are then trans-

mitted wirelessly through the steel casing to ensure max-

imum well integrity for the life of the well and enable 

any anomalies to be detected early and in real time 

(something that would not be the case with periodic 

testing). The sensor system may be placed at any depth 

in the well completion.

In addition, the system is powered using an inductive 

coupling system developed in-house with no need for 

batteries, making it ideal for harsh environments and 

the HP/HT surroundings often found offshore. As part 

of an integrated downhole network, the system also 

adds minimal rig time or risk to regular well monitoring 

installation activities.

North Sea downhole application
The Roxar Downhole Wireless PT Sensor System has 

already generated significant direct savings for operators 

due to reduced testing requirements and more time to 

focus on production optimization. More than 30 down-

hole wireless systems have been installed to date.

The successful first deployment of the new system 

took place in 2014 on Equinor’s Skuld Field in the 

Norwegian North Sea, helping Equinor achieve well 

integrity monitoring and offshore safety, adhere to 

Norwegian legal requirements and improve control 

over its production operations. 

One recent deployment of multiple systems was in 

the Maria Field offshore Norway in 2017, providing the 

operator Wintershall with improved well integrity mon-

itoring and offshore safety. In this case, the pressure 

and temperature monitoring system allows Wintershall 

to verify that the predicted pressure buildup falls within 

the design criteria, and an alarm trigger point has been 

implemented in case pressures potentially outside the 

system design are reached.

It is through integrated technologies such as these 

that operators will have the information they need to 

make informed decisions on well integrity, adhere to 

regulatory requirements, ensure offshore safety and 

enable their wells to produce at optimal levels.

At a time of middling oil prices where production 

optimization is more important than ever, it is encour-

aging to see that technologies are rising to the occasion 

and bringing added certainty to well integrity, offshore 

safety and production operations. 

PRODUCTION  

OPTIMIZATION
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FPSO ADVANCES

Sophie Howden, IHS Markit

I
t goes without saying that the sharp fall in the oil price 
at the end of 2014 has had a brutal impact on the 

offshore oil and gas industry. The FPSO market has not 
been immune from the market downturn and conse-
quently suffered from a very low level of new orders as 
operators held back while waiting for commerciality to 
improve. The year 2016 was a historically poor one. The 
FPSO order book did not record a single new order, and 
only one redeployment was announced. 

Signs of revitalization
Then 2017 brought hope of a potential recovery with nine 
FPSO contracts granted, six new orders and three rede-
ployments. Thus far in 2018, the revival seems to be con-
tinuing, with three contracts for new orders announced: 
Shell’s U.K. Penguins, Energean’s Israeli Karish/Tanin 
and CNOOC’s Chinese Liuhua 16-2 projects. According 
to IHS Markit FPSbase data, 12 FPSO awards could be 
granted before year-end 2018. This high number partly 
results from efforts made during the downturn to lower 
development costs. Now, with the oil price hovering 
around $60/bbl to $70/bbl, operators are in a better posi-

tion to take final investment decisions (FIDs) on projects 
that were previously deemed uneconomical.

Both operators and contractors have worked to drive 
costs down. There appears to be stronger collaboration 
at an earlier stage of the contracting time line, with an 
increased number of exclusive FEED awards to improve 
design efficiency and lower costs. Since the pickup in 
2017, exclusive FEEDs have resulted in awards such as 
TechnipFMC for Energean’s Karish/Tanin FPSO and 
SBM Offshore for Exxon Mobil’s Liza. A more recent 
example is the award from BP to TechnipFMC for an 
exclusive FEED contract that includes in its terms a 

transition to an engineering, procurement, 
construction and installation scope for the 
Greater Tortue FPSO, which will work off-
shore Mauritania and Senegal. 

Also in a bid to cut costs, there has been 
a greater focus on standardization. SBM has 
taken the lead by developing the Fast4Ward 
project, which aims to reduce construction 
time by six to 12 months, providing opera-
tors with a cheaper and faster solution. The 
design consists of a newbuild with a generic 
double hull capable of accommodating an 
internal or external turret mooring system 
or spread mooring and standardized mod-
ules. The vessel will have production capac-
ity of 100,000 to 250,000 bbl/d of oil and up 
to 2 MMbbl of storage. 

SBM’s first Fast4Ward newbuild will be 
deployed offshore Guyana on Exxon Mobil’s 
Liza Field. First steel was cut on March 23 
at Shanghai Waigaoqiao Shipbuilding in 

China. The future success of this technology is highly 
dependent on how well SBM performs in its delivery of 
this first unit. The FPSO industry is quite conservative 
when it comes to embracing new designs. For example, 
Sevan Marine has secured only six FPSOs since 2001 for 
its nontraditional, cylindrical-shaped hull. 

Meanwhile, BW Offshore took matters into its own 
hands to secure contracts by becoming an operator as 
well as a contractor. BW acquired the Gabonese Dussafu 
license in late 2016 and the Namibian Kudu license in 
early 2017. The contractor selected an FPSO from its 
own fleet, the former FPSO Azurite, to be redeployed on 

FPSO sector gains strength 
Newbuild orders, contracts and redeployments reflect improved market conditions.

FPSO orders declined dramatically from 2010 through 2016, but 2017 showed improvement, 

and the revival appears to be continuing in 2018. (Source: FPSbase by IHS Markit)
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the Dussafu project. The vessel was moved to the Keppel 

shipyard in Singapore to undergo minor modifications 

and was renamed Adolo for redeployment, scheduled for 

late 2018. The FID for Kudu has yet to be made, but BW 

is likely to provide the floating platform because it was 

bidding for the award prior to becoming operator.

Hope and uncertainty
Despite industry efforts to improve viability, the scale 

of this downturn has resulted in a lingering high level 

of uncertainty. If new orders do not materialize soon, 

the supply of available FPSOs for work in the upcoming 

years could be impacted. Prior to the fall of the oil price, 

the order book for FPSOs held about 40 units. Since 

that time it has shrunk by almost half to just 21 units 

today, 10 of which are scheduled for delivery in 2018. 

Therefore, from 2019 onward, few orders are antici-

pated to come onstream, and the next two years could 

be particularly impacted as delivery timing is seen as 

becoming too tight. 

While the order book has shrunk, the list of idle 

FPSOs has increased. FPSbase data show that out of the 

current 16 idle FPSOs, 13 came off contract during the 

downturn. Even with the possibility of redeploying some 

of these vessels, a large number of the available fleet are 

being sold for scrap due to a dearth of opportunities. 

Since the start of 2015, 10 FPSOs have been scrapped. 

The oversupplied redeployment market implies that 

owners have to be pragmatic about finding a second life 

for idle FPSOs.

Comparatively, however, the more competitive pric-

ing in the redeployment market 

has left it less badly impacted. 

Six contracts have been awarded 

during the downturn. Usually rede-

ployments are targeted at smaller 

projects, but interest for this devel-

opment option is being expressed 

for larger-scale developments. For 

instance, Cairn has identified exist-

ing vessels for redeployment on 

its SNE project offshore Senegal. 

Phase 1 of the project will develop 

240 MMbbl via 25 subsea wells tied 

back to the FPSO. 

Regional demand
Some of the 12 potential contract 

awards stem from Petrobras’ ambi-

tious strategic plan to boost field 

development activity offshore Brazil. 

FPSO ADVANCES

With 10 units under construction, 2018 will see the highest number of deliveries in the  

forecast period. (Source: FPSbase by IHS Markit)

The SeaRose FPSO, designed to work in harsh conditions in 

Atlantic Canada, has been producing from the White Rose 

Field in the Jeanne d’Arc Basin on the Grand Banks since 2005. 

(Source: Husky Energy)

SCHEDULED FPSO DELIVERIES
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FPSO ADVANCES

The operator was absent from the FPSO contracting 

scene in 2015, 2016 and most of 

2017 but is making a strong come-

back, targeting as many as 18 units 

to come onstream before year-end 

2022. Petrobras recommenced 

awarding FPSO contracts at year-

end 2017 when it granted two leases 

to Modec for the Sepia and Mero 

fields. As many as seven FPSOs with 

delivery dates prior to year-end 2022 

have yet to be awarded, of which 

five are targeted for an award this 

year. The high demand from Petro-

bras might be the opportunity for new entrants to get 

into the Brazilian market, such as Bumi Armada or Yin-

son, which have been absent 

from the region. 

Elsewhere, foreseeable 

demand mostly comes 

from West Africa and 

Asia-Pacific. Demand from 

West Africa should remain 

steady as a few projects 

are expected to be sanc-

tioned in the near to 

medium term. 

First E&P has yet to 

announce a winner for an 

FPSO to operate Nigeria’s 

Anyala/Madu project. Also 

offshore Nigeria, Shell 

and Eni are to take FIDs 

for their respective Bonga 

Southwest/Aparo and Etan/

Zabazaba developments, 

large-scale projects that have 

not yet been awarded.

Contracts have been 

slow to be awarded in 

Asia-Pacific during the 

downturn but picked up in 

2017 with the agreements 

being reached on Repsol’s 

Ca Rong Do (although this 

project has been suspended 

due to force majeure) and 

JX Nippon’s Layang proj-

ect. Contracting activity has 

continued in 2018 with the 

award of CNOOC’s Liuhua 

16/2 FPSO. Data indicate that another five projects 

could be awarded in Asia-Pacific 

before 2021. 

On the horizon
At present, competition is fierce 

among FPSO owners and yards, giv-

ing operators access to attractive 

prices due to spare capacity. As 

more awards are expected to mate-

rialize, operators would be wise to 

hurry if they want to take advantage 

of the window of opportunity for 

low-expenditure development. 

Once orders start to fill the backlog and tighten yard 

capacity, the tables might begin to turn. 
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VISIBLE FPSO DEMAND BY REGION

FPSO DEPLOYMENTS 2012-2023

The greatest demand for FPSOs will be in South America, West Africa and Asia-Pacific through 

2023. (Source: FPSbase by IHS Markit)

The number of vessels under construction will drop following an anticipated high in 2018.  

(Source: FPSbase by IHS Markit)

Despite industry efforts  

to improve viability,  

the scale of this  

downturn has resulted  

in a lingering high level 

of uncertainty.
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FPSO ADVANCES

Judy Murray, Senior Contributing Editor, Offshore 

W
hen the price of oil dropped, the floating pro-
duction sector was hit hard. Asset owners found it 

difficult to secure new contracts, and FPSO and floating 
LNG vessel construction was put on hold. Market condi-
tions precluded expansion in the sector, and on the sur-
face things seemed to stagnate.

Recent reports indicate the tide 
is turning. Analysts at Westwood 
Global Energy Group believe 
the strong growth that began 
last year is continuing and that 
more floating production units 
will be installed in the 2018-2022 
period than previously expected. 
According to the company’s 
“World Floating Production 
Systems Tracker 2018,” 64 units 
will be installed, and $61 billion 
in orders will be placed in that 
time frame.

Installations and orders tell 
an interesting story, but even in 
the absence of contract awards, 
a lot has been happening under 
the surface. While the sector 
appeared to be languishing, it was 
easy to conclude that not much of 
interest was going on, but behind 
the scenes considerable efforts 
continued to go into R&D.

The primary driver for this 
investment is the realization that 
the industry needs to adjust capex 
and opex to a considerably lower 
barrel price to make deepwater 
production viable. The implications are that costs have 
to be reduced by about 50%, and reductions of this 
magnitude will not be achieved simply by making econ-
omies. There have to be significant changes in the way 
FPSOs are designed, operated and maintained.

Organizing 
An impressive amount of R&D work has been pursued 
through an organization called the FPSO Research 
Forum (FRF). Founded in 1998 by participants in 
the FPSO Integrity joint industry project (JIP), the 
FRF was formed to identify common technical issues 
encountered by companies that design, fabricate and 
operate FPSOs and to enable interested companies to 

form JIPs to look for solutions 
that can be used by the industry 
as a whole. The group’s vision 
was for the FRF to be a clearing-
house for ideas—covering the 
complete FPSO life cycle from 
concept development to opera-
tion—enabling technical issues 
to be identified and commonality 
gauged and for JIPs to be orga-
nized around ideas that were 
judged worthy of further analysis.

The primary goal of the FRF is 
to facilitate the formation of JIPs 
and provide a platform for pre-
senting the findings that emerge 
from research efforts. Regular, 
biannual meetings hosted by 
one of the participating compa-
nies serve as a forum for sharing 
results with representatives of the 
member organizations, which 
include designers, owners, fabri-
cators, regulatory agencies, opera-
tors and classification societies.

Projects in the works
In the two decades since the FRF 
was established, JIPs have been 
organized to research such chal-

lenges as mooring and mooring chain integrity, fatigue 
resistance, acoustic monitoring, offloading, wave impact 
loading, the effects of green water and new approaches 
to executing hull inspections and offshore repairs. The 
ongoing projects are worth a closer look.

FPSO experts achieve progress 
through cooperation 

Collaboration leads to advances in FPSO technology.

FPSOs like Equinor’s Maersk Peregrino FPSO are 

critical to production. The vessel is working on 

the Peregrino Field in the Campos Basin offshore 

Brazil, Equinor’s largest project as an operator. 

This FPSO has a production capacity of 100,000 

bbl/d of oil and 212,376 cu. m/d (7.5 MMcf/d) of 

gas. (Source: Equinor)
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One of these proposes the use of seal-bonded solu-

tions for arresting structural cracks in FPSO hulls, 

including those on mid-ship decking and in the splash 

zone, on ballast and crude oil tanks and on offshore 

buoys. The technology, which has been used in aero-

space and civil construction applications, is being pro-

posed as a solution that would allow owners to avoid 

risks associated with welding without compromising the 

strength and durability of the repair.

This JIP is looking at installation challenges in marine 

environments and hopes to evaluate the longevity of 

seal-bonded solutions and to resolve the challenges 

associated with inspectability. Another FRF JIP address-

ing cracks has gathered experimental data and is pro-

gressing toward numerical model validation of a hexag-

onally shaped silicone rubber crack arrestor.

Inspection advances also are being investigated to 

identify ways to improve hull underwater inspection. 

Headed up by EM&I in the U.K. and including part-

ners BV, ABS, DNV-GL, Lloyd’s Register, SBM, Shell, 

Total, Chevron and Exxon Mobil, the Hull Inspection 

Techniques and Strategy (HITS) JIP focuses on devel-

oping advanced inspection capabilities that avoid the 

use of divers and employ remote technologies for cargo 

and ballast tanks. The goal is to improve safety by not 

exposing people to hazardous conditions, the byprod-

ucts of which are lower costs and fewer people onboard.

The proliferation of unmanned aerial vehicles 

(UAVs) and “swimmers” is evident in inspections being 

carried out in other industries, but many of the tools 

being used in offshore applications were not designed 

for the specific conditions encountered in the con-

fined spaces of an FPSO. The oil and gas industry has 

recognized that technology from other sectors can be 

adapted to their needs, but that adaptation has to be 

managed carefully. Lighting requirements and power 

supplies tax battery life and limit the length of time an 

UAV can be deployed. And because many units require 

the operator to be within the line of sight of the vehi-

cle, they do not eliminate the hazards encountered by 

the people who control the devices because the oper-

ator must enter the confined space to maneuver the 

equipment. Swimmers, like ROVs, introduce different 

restrictions; foremost among them is the need for tanks 

to be filled with water so an ROV can be deployed. 

Participants in the HITS JIP are looking for a robust 

solution to autonomously inspect FPSO crude oil tanks, 

semisubmersible ballast tanks and void tanks in a range 

of floater types. The goal is to find a solution that can 

operate autonomously and function in hazardous condi-

tions without introducing personnel to potentially toxic 

environments or 

requiring people 

to work from 

heights. One 

method that has 

shown promise 

involves the use 

of high-perfor-

mance cameras 

adapted from the 

nuclear industry 

combined with 

synchronous 

laser devices that 

map and inspect 

the tanks, a solu-

tion that can be 

implemented without personnel in the tank.

Another subject receiving attention in the FRF is 

mooring systems, which are especially critical as the 

industry moves to deeper water and harsher environ-

ments. Combined efforts within the FRF are looking 

into mooring designs and new ways of employing 

remote inspection technologies to verify the operability 

and integrity of mooring systems, while other projects 

are addressing the structural integrity of mooring com-

ponents through an engineering critical assessment 

methodology. One interesting initiative is evaluating 

how acoustic emissions can be used for condition 

monitoring in mooring turrets and cranes. Additional 

programs are looking into dry mooring line monitoring 

and improvements needed in mooring system design. 

With advances being made within the industry in the 

use of digitalization, the FRF also is investing in R&D 

that will lead to an increasing ability to analyze the vast 

amount of data gathered over the years and leverage it 

to improve understanding of an asset’s condition with-

out increasing inspection costs.

Continuing advances
While initiatives generated within the FRF illustrate how 

industry partners are working to find ways to improve 

FPSO design and construction, the organization is not 

alone in its efforts. Individual designers are making 

changes to improve FPSO functionality and efficiency, 

and yards are working to expedite construction without 

compromising quality and safety.

Improvements in the market indicate the FPSO sector is 

rebounding, and ongoing R&D efforts will ensure that new 

and better technologies are employed as new, advanced 

and more robust vessels are added to the global fleet. 

Controlled remotely, the NoMan confined 

space inspection unit enables thorough 

inspection without exposing personnel to  

hazardous environments. (Source: EM&I)
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Brian Walzel, Associate Editor, Production Technologies

P
erhaps lost in the tsunami of shale oil production 
from the U.S., Canadian hydrocarbon resources are 

as important to the global energy supply as any other 
region. Canada is the fourth largest producer and third 
largest exporter of oil in the world, with just about all of 
its exports ending up in the U.S., according to Natural 
Resources Canada (NRC).

However, product delivery challenges resulting from 
pipeline capacities have driven down the price of oil 
in Canada to as much as $28/bbl below West Texas 
Intermediate. Help might be on the way though in the 
form of Kinder Morgan’s Trans Mountain pipeline 
project and the TransCanada Keystone XL pipeline, as 
each project works through development delays and 
opposition. Enbridge’s Line 3 is also expected to come 
online in the second half of 2019 with an initial capacity 
of 760,000 bbl/d, according to Enbridge. 

Market challenges
Once infrastructure and cost challenges are overcome, 
resources developed in Western Canada’s Montney and 
Duvernay basins could have a substantial impact on the 
global energy market, said Paul MacKay, president of 
Shale Petroleum Ltd., speaking at the American Associa-
tion of Petroleum Geologists’ Global Super Basins Lead-
ership Conference in March in Houston. 

MacKay explained that the Western Canadian Basin is 
classified as one of the world’s super basins, producing 
4.2 Bcm/d [15 Bcf/d] of natural gas and 34 MMbbl/d 
of oil, most of which is heavy oil or bitumen. But diffi-
culties in getting the product to market have resulted in 
sharp discounts in hydrocarbon pricing.

“People have always viewed this as a basin of extremes,” 
MacKay said. “Either you get gas out of it or you get this 
heavy oil. Both products are discounted severely.”

He said there was a period last fall when producers 
had to pay to put natural gas into the region’s distribu-
tion pipelines.

“Our point-forward value on gas in Alberta is 
about $1.50/Bcf Canadian and $1.10/Bcf U.S.,” 
MacKay said.

Production from the Alberta region of Canada 
dominates the basin, he said. The region produces 2.9 
MMbbl/d and 2.8 Bcm/d [10 Bcf/d], most of which is 
exported to the U.S., MacKay said. Meanwhile, British 
Columbia is producing about 23,000 bbl/d and 13 
Bcm/d [4.6 Bcf/d], and Saskatchewan produces just 
under 500,000 bbl/d and “a little bit of gas,” he said.

 “One of the things that is very good about the 
Western Canadian Basin is the access to data,” 
MacKay said. “We have unparalleled access to data. 
All data that come out of a well belong to the pro-
vincial governments, and the provincial governments 
make those free.”

Of the 171.4 Bbbl of total reserves in Canada, 165.3 
Bbbl come in the form of the country’s oil sands, 
according to NRC. The agency reported that oil sands 
account for about 62% of the country’s oil produc-
tion, or about 2.4 MMbbl/d. 

MacKay said the OPEC oil embargo in 1973 made 
Canada’s vast oil sands economic. By 2002 produc-

UNCONVENTIONAL REPORT:  

CANADA
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Great White North among  
top producers  
Despite transportation issues, Canada remains a top global producer.

Improved well designs are leading to savings of about $500 million for 

Cenovus at its Christina Lake project. (Source: Cenovus)
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tion from oil sands began to dominate 
the Western Canadian Basin, he said. 

“In 2014, 2015 with the price col-
lapse, the conventional production 
fell, but the oil sands did not,” he 
said. “They continued to accelerate 
their production. This production was 
mostly going down to the Gulf Coast 
and was displacing Venezuelan and 
Mexican heavy crude.”

Canada’s energy market was aided by the emergence 
of the U.S. as one of the world’s preeminent oil refiners, 
MacKay said.

“Even though there was an imbalance of trade, what 
the U.S. was doing was accepting the Canadian bitumen 
and refining it as diesel and gasoline and selling to 
Europe and South America,” he said.

Addressing completions in Canada’s unconventional 
plays, MacKay said fracturing designs typically feature 
smaller proppant tonnages, smaller angles and more 
stages, which result in higher liquid recovery. 

“I’m not saying put less tonnage into the reservoir, 
but you do it in smaller stages,” he said. “That seems to 
work out better.”

Analysts on Canada
Speaking during a recent analysis of the Canadian uncon-
ventional market, Michael Hebert, Wood Mackenzie 
Canadian research analyst, explained how the Montney 
Formation is the most prolific play in Western Canada, with 
well economics that rival almost any in North America.

“Breakevens in the core areas can get as low as $1.55/
Mcf, and because of this we anticipate production from 
the Montney to reach about 8.3 Bcf/d [23 Bcm/d],” 
Hebert said.

Investment firm Peters & Co. Ltd. reported that 
Montney natural gas production in October 2017 was 
about 178.3 MMcm/d (6.3 Bcf/d). Hebert said improv-
ing economics in the Montney have been seen in the 
region’s core areas of development. 

“We’ve seen year-to-year increase in IP-30 rates, cumu-
lative production and improvements in drilling efficien-
cies [and] completion designs,” he said. “Refinements 
in proppant loading and frack stages help continue to 
drive activity in the play.”

Canadian producers
Among the top operators in Western Canada are Seven 
Generations Energy, Kelt Exploration, ARC Resources, 
Tourmaline Oil Corp. and ConocoPhillips. However, 
ConocoPhillips divested 50% of its nonoperated inter-

ests in the FCCL Partnership in May 2017. The company 
also sold the majority of its Western Canada gas assets to 
Cenovus Energy. According to ConocoPhillips, produc-
tion from the assets sold was 103,000 boe/d. 

ConocoPhillips has maintained 2 Bboe of resources 
in the Montney Formation, according to its 2017 annual 
report, an amount that quadrupled from 2016 to 2017.

Meanwhile, according to the company’s first-quarter 
2018 investor report, ARC Resources achieved average 
production of 131,016 boe/d for the first quarter of 
the year, 36,874 bbl of which was oil and 16 MMcm/d 
[565 MMcf/d] was natural gas. ARC Resources full-year 
average production for 2018 is expected to be between 
130,000 boe/d and 134,000 boe/d.

In its 2017 annual report, Cenovus Energy said that a 
technology drive has led to improved field operations, 
include longer reach horizontal well pairs, drilling 
improvements and improve startup techniques.

The company reported that redesigned well pads, spe-
cifically at its Christina Lake project, features improved 
modular design and scalable designs for well pairs and 
pads. Initial pad designs featured 19 pads of 213 wells 
at a cost of $1.6 billion with 310 MMbbl of recoverable 
reserves. Later pad designs featured 13 pads with 105 
wells at a cost of about $800 million and 310 MMbbl of 
recoverable reserves. 

At Foster Creek Cenovus’ previous pad designs featured 
18 pads with 120 wells at cost of about $1.1 billion, which 
led to 200 MMbbl of recoverable reserves. Enhanced pad 
designs feature eight pads of 66 wells at a cost of about 
$600 million, but with identical 200 MMbbl recoverable. 

Cenovus’ 2018 production at Christina Lake is fore-
cast at 200 MMbbl/d, while at Foster Creek the com-
pany is forecasting about 160 MMbbl/d for the year.

ARC Resources, which stated in its 2017 annual report 
that it was among the early entrants into the Montney 
play, said it was a pioneer in the use of multistage frac-
turing for horizontal completions. 

Through March, ARC Resources produced 43,740 
boe/d at its Dawson project, 29,533 boe/d at its 
Parkland/Tower Field, 21,963 boe/d at its Sunrise Field 
and 15,467 boe/d at Ante Creek. 

Through the first quarter of the year, ARC Resources produced more than 43,000 boe/d at 

its Dawson project. (Source: ARC Resources)

UNCONVENTIONAL REPORT:  

CANADA
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MERITORIOUS AWARDS  

FOR ENGINEERING INNOVATION

From left to right, Schlumberger’s Farid Hamida, Sherif 

Shohdy and Bryan Coryea receive an award from Hart 

Energy’s Russ Laas (second from the right) for its Lift IQ  

service, winner of the artificial lift category.

Weatherford’s Endura dual-string section mill was one of the 

two winners in the drilling systems category. From left to right, 

Delaney Olstad, Michael Smalley and David Teale receive an 

award from Hart Energy’s Russ Laas. 

From left to right, Halliburton’s Alban Duriez, Lisette Vitta and Derick 

Zurcher accept an award from E&P’s Jennifer Presley (second from the 

right) for the company’s JetPulse, one of the two winners in the drilling  

systems category.

Saudi Aramco garnered two awards: Its DrillCam technology won 

in the exploration category and its CO2-EOR and sequestration

project with a comprehensive monitoring program won in the 

HSE category. Ashraf Al Tahini (middle) received the awards from 

Hart Energy’s Peggy Williams (right) and Russ Laas (left).

Schlumberger’s StingBlock  

technology won in the drillbits  

category. On hand to receive 

the award from Hart Energy’s 

Russ Laas (fifth from the 

left) were (from left to right) 

Jonathan Hird, Ryan Mushinski, 

Allen White, Robert Onyejekwe, 

Dwayne Terracina, Wiley Long, 

Philip Trunk, Vinay Malhotra and 

Maria del Mar Portela.

T
he E&P editors and staff proudly presented the win-

ners of the 2018 Special Meritorious Awards for Engi-

neering Innovation in May at the Offshore Technology 

Conference in Houston. The awards recognize service 

and operating companies for excellence and achievement 

in every segment of the upstream petroleum industry. 

The following pages spotlight the 14 winners the inde-

pendent team of judges picked that represent a broad 

range of disciplines and address a number of problems 

that pose roadblocks to efficient operations. 

https://www.epmag.com/


EPmag.com   |   July 2018 113

MERITORIOUS AWARDS  

FOR ENGINEERING INNOVATION

Stage Completions won an award for its SC Bowhead II in the 

hydraulic fracturing/pressure pumping category. From left 

to right, Danny Jimenez, David Nordheimer and Daniel Rojas 

accept the award from Hart Energy’s Russ Laas.

For the subsea systems category, Diamond Offshore and 

Trelleborg Offshore won an award for their Helically Grooved 

Buoyancy and were on hand to accept the award from Hart 

Energy’s Russ Laas (far left). Pictured from second left to far 

right are John Drury, Geir Otto Amundsen, Collin Gaskill, Harris 

Reynolds and Antony Croston. 

Reveal Energy Services won in  

the nonfracturing completions  

category for its IMAGE Frac. On 

hand to accept the award from 

E&P’s Jennifer Presley (middle  

row third from the left) were  

(front row left to right) Erica 

Coenen, Paloma Das, Justin 

Mayorga and Brent Vering;  

(middle row left to right) Larry 

Jones, Michael Capparelli, 

Sudhendu Kashikar, Charles Kahn, 

Eric Zenero, Rebecca Hand and 

Bruce Goldfaden; and (back row 

left to right) Scott Senften, Jeff 

Kopp, Sean Spicer, Steven Wells, 

Scott Miller and Rusty King.

In the drilling fluids/stimulation category, Pegasus Vertex Inc. 

won an award for its CEMPRO+ technology. Pictured from left to 

right are Gefei Liu, Hu Dai and Hart Energy’s Russ Laas.

Hart Energy’s Russ Laas (left) presented Schlumberger’s  

Stephany Siswanto and Bengt Arne Nilssen an award for its 

Pulsar multifunctional spectroscopy service, winner of the  

formation evaluation category. 
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E&P’s Jennifer Presley presents (from left 

to right) Todd Jackson, Chris Hales, Roy 

Woudwijk, Toby Begnaud, Miguel Paz and 

Ed O’Malley an award for Baker Hughes, 

a GE company’s Torus valve, which won 

in the IOR/EOR/remediation category. 

Schlumberger’s WellWatcher Advisor took 

the honors in the intelligent systems and 

components category. Pictured from left to 

right are Farid Hamida, Varma Gottumukkala, 

Hart Energy’s Russ Laas and Graham Watson. 

Left, Weatherford won an award in the 

onshore rigs category for its AutoTong 

system. From left to right, Scott McIntire, 

Karsten Heidecke and Mainer Herrera accept 

the award from Hart Energy’s Russ Laas.

MERITORIOUS AWARDS 

FOR ENGINEERING INNOVATION

(All photos courtesy of 

CorporateEventImages.com)
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Andy Weatherhead, Rockwell Automation 

O
ptimizing oil and gas equipment can be an impos-

sible task when critical questions about health and 

performance cannot be answered: Is this well approach-

ing the end of its life? Are we prepared to react to 

market changes? Why did this piece of equipment fail? 

When will it be back up and running? How long until 

the next equipment failure?

The problem has become especially acute in recent 

years. The downturn in oil and gas prices has put pres-

sure on producers to cut costs and get the absolute 

most from their assets. But it is difficult to improve 

equipment availability and get ahead of failures when 

you don’t have real-time insights into performance or 

when the data that are collected are confined to silos.

The industry is at a turning point. Hoping to cap-

italize on the promise of the digital oil field, oil and 

gas producers are seeking to connect their equipment, 

devices and systems, and integrate their data. Most crit-

ically though, producers are looking for ways to trans-

form all of those data into operational intelligence.

Rockwell Automation refers to a connected oil field 

that operationalizes data and allows better decision-mak-

ing as the ConnectedProduction environment. In it, 

stakeholders are connected in real time to better under-

stand equipment performance and downhole condi-

tions, and they use those insights to help minimize the 

unknowns that impact their operations. They can even 

begin to predict future performance and address issues 

before they result in unexpected downtime.

All of this business and operational intelligence is 

fueled by clean, accurate and comprehensive analytics. 

Finding answers in data
Analytics involves monitoring large amounts of data, 

collecting and contextualizing those data into informa-

tion and then presenting that information to workers in 

the form of useful, actionable insights. Analytics could 

include well behavior and performance trends from arti-

ficial lift systems. It also could be real-time performance 

and alarm information from surface processing skids, 

remote wellhead-monitoring systems or multiwell pad 

insights into downhole and reservoir conditions.

Regardless of the analytics, the one common purpose 

is to help stakeholders make better operational decisions 

that positively impact business results. 

Oil and gas producers that want to create a road map 

for deploying analytics should first understand the four 

analytics categories. Each category is progressively more 

complex in its use of data but also progressively more 

valuable in how it can help producers optimize their 

operations. The four categories are

• Descriptive analytics, which summarizes events and 

describes what happened;

• Diagnostic analytics, which associates events with root 

causes or reasons to explain why something happened;

• Predictive analytics, which uses modeling and machine 

learning to predict what will likely happen; and

• Prescriptive analytics, which uses previous instances 

of similar events to suggest what should be done to 

correct an issue or optimize performance.

Descriptive and diagnostics analytics are the starting 

point for oil and gas producers. They inform workers at 

the most basic level of how things are performing and 

the conditions in which they are operating. If a failure 

occurs, these analytics can help technicians quickly 

diagnose the problem and help make sure they send 

the right person to the right place with the right tools 

and spares to resolve the problem. This can dramat-

ically speed up troubleshooting and resolution times 

during downtime events.

Analytics in the digital oil field 
Production intelligence can help optimize oil and gas equipment performance and  

predict failures.

When data are combined with business systems, producers 

can quickly respond to changing market and business needs. 

(Source: Rockwell Automation)
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Predictive analytics is the target goal for many pro-

ducers today. The analytics looks for known condi-

tions and relationships within the data that indicate a 

device or piece of equipment is approaching failure. 

Producers can use this to identify and resolve equip-

ment failures before they happen, providing a tremen-

dous opportunity to reduce costly downtime.

It is important to note that predictive analytics will 

not always be absolute. Sometimes it is confi gured 

around the probability of various failures. For example, 

a production team could set a threshold for a failure 

probability of 80%. If the software detects a failure 

probability at this threshold, it will trigger an alarm 

condition and can notify users that a failure is likely 

impending and requires service.

Deployment considerations

Oil and gas producers looking to deploy analytics 

should consider the analytics approach when determin-

ing the information solution that is right for them. In 

many cases upgrades to existing infrastructure will be 

needed before the operator can fully utilize data in an 

analytics approach.

For instance, most producers use a mix of equip-

ment, devices and data stores from different vendors. 

But some analytics software is not vendor-agnostic. This 

can create integration challenges, like connectivity 

problems or data limitations, when the software is used 

with third-party hardware. More importantly, it can 

impede a producer’s ability to access the valuable data 

needed to meet their goals.

An open-architecture analytics approach will support 

the producer’s current technology investments. An 

open-architecture also can allow simultaneous connec-

tion with multiple analytics software engines, including 

third-party analytics such as those from oil and gas 

industry consultants. This allows producers to create an 

end-to-end production advisory system that leverages 

both internal production intelligence and external 

domain expertise. For example, Schlumberger offers 

expert tools for sub-surface diagnostics or fl ow assur-

ance simulation. An open-architecture allows end-to-

end collaboration between operations and engineering 

environments that results in faster problem identifi ca-

tion and resolution.

Rockwell Automation has collaborated with Schlum-

berger to create this production advisory system. 

Combining ConnectedProduction technology with oil 

and gas software, services and domain expertise from 

Schlumberger, the digital solution helps optimize pro-

duction by connecting upstream operators with criti-

cal, real-time analytics and domain insights to reduce 

deployment risks and costs.  

Many producers also will benefi t from scalable ana-

lytics solutions that process data as close as possible 

to where the data originate. For instance, device-level 

analytics can provide health and diagnostic information 

for critical devices as well as send alerts to stakeholders’ 

mobile devices if a device needs attention. System-level 

analytics can create smarter equipment that asks for 

help before a failure or improve collaboration between 

internal and external stakeholders. And business-level 

analytics can be used to analyze production and opera-

tional performance.

One aspect of data that often is overlooked but critical 

to achieve the accuracy and usefulness of analytics results 

is data integrity. The information solution should be able 

to validate data coming from the fi eld as well as mini-

mize data gaps that could impact the results of analytics 

software and hence the decisions made by operators. 

Finally, oil and gas producers should consider how 

operators interact with the results of the analytics soft-

ware and other systems as they take actions to improve 

performance of operations. Intuitive, easy-to-use dash-

boards can help workers not only identify and under-

stand critical production information but also respond 

to it as quickly as possible. 

For example, upon receiving a notifi cation that a device 

has failed in the fi eld, an operator can issue a maintenance 

work order right from the integrated environment. When 

the maintenance technician is reviewing the issue in the 

fi eld, they can access their parts inventory system within 

the integrated environment and confi rm that the required 

spare parts are in stock and request them through the soft-

ware. Or, if the parts are out of stock, they can be ordered 

right from the software.

Analytics in a ConnectedProduction environment can 

help oil and gas producers identify performance trends, 

quickly identify and react to events affecting production 

and equipment uptime, and even proactively prevent 

lost production and downtime. When the analytics is 

combined with other system capabilities, like remote 

monitoring, producers can monitor production across 

multiple fi elds from a single, central location. And 

when they are combined with business systems, produc-

ers can quickly adjust production in response to market 

changes and business needs. 

Have a story idea for Tech Watch? This feature highlights 
leading-edge technology that has the potential to eventually 
address real-life upstream challenges. Submit your story ideas to 
Group Managing Editor Jo Ann Davy at jdavy@hartenergy.com.
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Tool ensures steerability when run below  
a motor 
National Oilwell Varco (NOV) has introduced the iSeries 

near-bit sub (iNBS), which provides real-time inclination 

and azimuthal gamma for geosteering and well place-

ment applications, for the Tolteq portfolio of MWD/

LWD technologies. The iNBS tool was jointly developed 

and integrated under a partnership with Well Resolutions 

Technology. The iNBS tool connects with the Tolteq 

iSeries mud-pulse MWD platform for real-time data trans-

mission. Providing continuous inclination and azimuthal 

gamma images with up to 16 sectors available in real time, 

the iNBS tool enables accurate well placement even in the 

thinnest of reservoir pay zones, according to the company. 

Dynamic inclination measurement allows continuous 

monitoring of well trajectory progression while drilling, 

and electromagnetic short-hop telemetry seamlessly trans-

mits data to surface. As the shortest near-bit measurement 

sub on the market, according to NOV, the iNBS tool 

ensures steerability when run below a motor. nov.com 

Ultradeep resistivity service helps eliminate 
costly pilot holes, sidetracks
Halliburton has released the EarthStar ultradeep resistiv-

ity service, a LWD technology that helps operators map 

reservoir and fluid boundaries more than 61 m (200 

ft) from the wellbore, more than doubling the depth 

of investigation of current industry offerings, according 

to a company announcement. The service delivers a 

comprehensive reservoir view so operators can eliminate 

costly pilot holes and sidetracks, make informed geosteer-

ing decisions in real time and better plan future field 

development. EarthStar uses azimuthal electromagnetic 

measurements to map the geological structure around 

a wellbore, enhancing the operator’s knowledge of the 

reservoir for improvement of recovery potential. The 

measurements are integrated with Halliburton RoxC geo-

steering software, which uses advanced computing meth-

ods to provide real-time visualizations of the reservoir 

structure and fluid boundaries. halliburton.com

Micro-valve technology offers accurate pressure 
control in dynamic pressure applications 
At this year’s Offshore Technology Conference in May, 

Moog Inc. unveiled its 30 Series Servo Valve for oil and 

gas applications like ROVs, robotics and autonomous 

vehicles, a press release stated. The valve’s rated flow is 

0.47 liters/min to 6.9 liters/min and step response is 

2.5 ms at 210 bar (3,000 psi). The valve’s response offers 

accurate pressure control in dynamic pressure applica-

tions. Someone driving a ROV with less dynamic valves 

often will see a time lag between executing a command 

and the vehicle’s response. Time lag when operating a 

ROV with 30-Series Servo Valves will be almost entirely 

eliminated. Weighing 185 g and measuring 4.0 cm by 

3.4 cm by 3.9 cm, the valve has a power density equaling 

6 hp. moog.com

AI-powered Wi-Fi system notes past issues, 
addresses future network issues 
KodaCloud Inc. is the first to offer artificial intelligence 

(AI) enabled Wi-Fi as a cloud subscription service that 

automatically optimizes quality of experience for Inter-

net of Things (IoT) devices and end users, ideal for 

mission critical networks in the oil and gas industry, 

according to a press release. KodaCloud’s eNOC system 

delivers proactive networking with monitoring, detec-

tion, self-optimization, mitigations and recommenda-

tions to deliver lower operating costs. The technology 

leverages AI to monitor in real time all the interactions 

with devices attached to every Wi-Fi access point. The 

data gathered are analyzed and utilized to optimize the 

end-user experience or IoT connection, dynamically 

adapting the access point in real time where possible 

or by providing an alert with a clear, actionable root 

cause, thereby significantly increasing the efficiency 

of IT resources, the release stated. AI also enables the 

network to learn the environment and incorporate 

machine learning to proactively improve service levels 

and provide detailed historical data, thereby elimi-

nating the need to recreate problems to find the root 

cause. kodacloud.com 

Alternative well conveyor pulls tools to end of 
the well, toe-to-toe
Well Conveyor, a Norwegian technology startup, has 

been invited to participate in Chevron Technology 

Ventures’ Catalyst Program, according to a company 

announcement. The program was created to support 

early-stage companies working on technologies that 

can directly benefit the oil and gas industry. The Well 

Conveyor is a low-cost, slim-hole battery-powered 

The iNBS tool connects with the Tolteq iSeries mud-pulse MWD 

platform for real-time data transmission. (Source: NOV)
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downhole conveyor being developed on the back of 

the growing well-logging industry. The technology 

was designed to meet the low-cost onshore horizontal 

slimhole wells. It offers a cost-effective service that can 

negotiate small inside diameter nipples and a range 

up to a 5,000 m (16,404 ft) of horizontal section. In 

addition, Well Conveyor requires no additional per-

sonnel at the well site and can easily be transported by 

hand. wellconveyor.com

Blockchain decreases redundancy in oil 
pipeline data capture 
Quisitive, a subsidiary of Fusion Agiletech Partners 

and a national digital technology consulting firm, has 

announced its Blockchain Oil Pipeline solution to 

decrease the redundancy in oil pipeline data capture 

and increase profits for both oil producers and pipe-

line operators. Quisitive’s proof of concept tackles 

the redundancy in pipeline monitoring and data col-

lection equipment required to ensure oil maintains 

purity standards at the time of custody transfer and 

maintains safe levels of operation as it passes from the 

oil producer’s drillsite through the pipeline to deliv-

ery. Currently, manual processes and lack of transpar-

ency compel some producers and operators to install 

their own equipment at points along the pipeline 

so they can compare the data collected to hold one 

another accountable. With the Quisitive Blockchain 

Oil Pipeline solution, both the operator and the pro-

ducer can safely operate a single series of measure-

ment devices and independently verify the data in real 

time, eliminating expensive settlements and reconcili-

ation of measurement disputes. quisitive.com

All-in-one kitbag offers offshore safety
Safety solutions provider Survitec has released an 

all-in-one essential equipment bag for offshore rope 

access as well as oil and gas personnel, according 

to a news release. The Walk to Work SurviKit bag 

holds industry standard safety equipment, including 

harness, arrest and restraint lanyards, ladder climb 

systems, climbing helmet and accessories from recog-

nized brands. It also includes Survitec’s Tri-Approved 

Gen2 Passenger Suit and 3-D lifejacket, both of which 

are designed specifically for the offshore market. The 

bag contents are designed and certified for personnel 

working at heights and offshore and come in three 

different versions, dependent on working environ-

ment. The bag can be worn as a backpack for user 

convenience and comfort, with a safe working load of 

110 lb. survitecgroup.com

Computer acquires accurate flow data from 
variety of primary devices 
Field technicians, 

SCADA personnel and 

managers across all oil 

and gas industry sectors 

can more easily gener-

ate, manage and inter-

pret flow data with a 

new flow computer that 

incorporates the func-

tionality of a smart mul-

tivariable transmitter in 

the same unit, accord-

ing to a news release. 

The Thermo Scientific 

AutoXP flow computer, 

the newest addition to 

the Thermo Scientific 

AutoSeries family of 

flow measurement 

instruments, is built for 

use in the harshest envi-

ronments of down-

stream, midstream and 

upstream operations 

for gas and liquid appli-

cations. The AutoXP 

instrument is designed 

for greater reliability and equips operators to acquire 

accurate flow data from a variety of primary devices. Addi-

tionally, users can transfer primary variables such as differ-

ential pressure, static pressure and temperature data to 

remote devices. It also can be networked into existing sys-

tems via an onboard ethernet port. To simplify upgrading 

and need for maintenance, the instrument comprises only 

four main hardware components. thermofisher.com  

Please submit your company’s updates related to new  

technology products and services to Ariana Hurtado at  

ahurtado@hartenergy.com.

The Thermo Scientific AutoXP gas 

and liquid flow computer can be 

used as a single-run flow computer 

or smart multivariable transmitter. 

(Source: ThermoFisher Scientific)
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1 US

According to IHS Markit, Devon 

Energy Corp. completed two 

high-volume, Second Bone Spring 

producers in the Delaware Basin 

portion of New Mexico. The wells 

were drilled from a drill pad in Sec-

tion 6-23s-32e of Lea County. The 

#212H Boundary Raider 6-7 Federal 

Com flowed 12.868 Mboe/d (82% 

oil). The extended-lateral horizontal 

well was drilled to 6,215 m (20,390 

ft) and was expected to bottom 3.2 

km (2 miles) to the south in Section 

7 at a proposed true vertical depth 

of 3,090 m (10,138 ft). The #213H 

Boundary Raider 6-7 Federal Com 

flowed 11.149 Mboe/d (76% oil). 

Few additional details are available, 

although the parallel, stacked lat-

eral had a planned depth of 6,068 m 

(19,907 ft), with a 3,175 m (10,418 

ft) true vertical depth. Over the next 

18 months, Devon announced that it 

expects to drill 25 wells in the same 

sweet spot.

2 Mexico

Talos Energy is preparing to drill 

exploration well #1-Asab in the block 

adjacent to the Zama Field discov-

ery in Mexico’s Bay of Campeche. 

According to the company, the 

Salina Basin well is expected to pro-

duce additional information for the 

appraisal of the discovery at #1-Zama 

in Block 7 in the shallow-water 

region of Campeche Bay. The cur-

rent resource estimate for Zama is 

1.4 Bbbl to 2 Bbbl of oil in place. 

3 Argentina

Echo Energy is ready to begin test-

ing at an onshore Argentina gas dis-

covery, #1 Fracción D in the Austral 

Basin. The prospective gas resources 

for the Eastern flank of the Cañadón 

Salto Field for the C1 and C3 horizons 

were estimated in a recent report at 

756 MMcm (26.7 Bcf). According to 

the company, the deeper Tobífera gas 

target, also in Cañadón Salto, may be 

considered for a contingent explora-

tion well later in 2018. The workovers 

to the west and center of the field pro-

duced a combination of oil and water 

and were suspended pending further 

development of the project. A num-

ber of other potential locations have 

been identified and will be incorpo-

rated into the project planning. A 

four-well exploration program is 

scheduled at the company’s Fracción 

C asset at the ELM 1004 well pad.

4 Morocco

SDX Energy reported a gas discovery 

at exploration well #1-LNB on the 

Lalla Mimouna Block in Morocco. 

The well was drilled to 1,861 m (6,106 

ft) and was targeting the Lafkerena. 

The venture hit 300 m (984 ft) of 

gas-bearing horizons in an overpres-

sured section. Mud logs from the sec-

tion showed elevated gas readings of 

more than 20% with multiple sections 

above 50%. The company also noted 

that the gas shows in this section con-

tained heavier hydrocarbon compo-

nents throughout, which has not been 

found in other parts of the basin and 

indicate that a new petroleum system 

has been encountered. Based on mud 

logs, formation cuttings and mapping, 

a preliminary recoverable gas volume 

has been estimated at an unrisked 

mid-case volume of 288.8 MMcm (10.2 

Bcf) of gas and 55,000 bbl of conden-

sate. In a secondary target, Upper 

Dlalha, SDX found 2.6 m (8.5 ft) of 

net gas pay with average porosity of 

33%. Additional drilling and testing is 

planned for deeper Lafkerena section. 

5 Norway

Shell Oil Co. has received a drilling 

permit for well #34/5-2 S in pro-

duction license 373 S in the North 

Sea. Shell is the operator with 45% 

interest along with Idemitsu Petro-

leum (25%), Wintershall (20%) and 

DEA Norge (10%). The area in this 

license consists of parts of blocks 

34/2, 34/5, 34/6 and 34/3. The well 

will be drilled about 20 km (12.4 

miles) south of Knarr Field.

6 Norway

Wintershall AG, operator of pro-

duction license (PL) 894, com-

pleted well #6604/5-1 in the Aasta 

Hansteen Field in the Norwegian 

Sea. The wildcat encountered three 

gross gas columns of about 190 

m (623 ft), of which the reservoir 

makes up 90 m (295 ft) distributed 

between three different sandstone 

zones in Springa. According to Win-

tershall, the reservoir quality was 

moderate-to-poor and no gas/water 

contact was encountered in the well. 

The well was to prove petroleum in 

Upper Cretaceous reservoir. Prelim-

inary estimates place the size of the 

discovery between 7 Bcm and 19 Bcm 

(247.2 Bcf and 670.9 Bcf) of gas and 

1 MMcm and 3 MMcm (35.3 Bcf and 

105.9 Bcf) of recoverable conden-

sate. The licensees will evaluate this 

and other area prospects and dis-

coveries for potential further devel-

opment. This is the first exploration 

well in PL 894. It was drilled to 3,819 

m (12,529.5 ft). The well will be per-

manently plugged and abandoned. 

7 Niger

A second Agadem Basin well has 

been spud by Savannah Petroleum 

in its three-well Niger drilling cam-

paign. The #1-Amdigh well is in the 

R3 portion of the R3/R4 concession 

area. The new well also is designed to 

evaluate potential oil pay in Eocene 

Sokor Alternances as the primary 

target, with the secondary target of
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potential oil pay in the Eocene Upper 

Sokor. According to the company, the 

assessed total mean unrisked recov-

erable resources in the basin are 39 

MMbbl. The planned depth of the 

venture is 2,576 m (8,451 ft). If there is 

production, the well will be suspended 

for later re-entry and evaluation. 

8 Gabon

Panoro Energy ASA completed 

appraisal well #3-DTM in offshore 

Gabon’s Tortue Field in the Dussafu 

license. The well was designed to 

appraise the western fl ank of Tortue 

Field in an attempt to extend hydro-

carbon resources within Gamba and 

Dentale. The venture hit approx-

imately 30 m (98.4 ft) of hydrocar-

bon-bearing reservoir within Gamba 

and immediately underlying Dentale 

sandstones in the Dentale D2B and 

Dentale D6 reservoirs. Additional 

development work is planned on 

the western fl ank of the fi eld. The 

appraisal well was plugged and aban-

doned, and a second horizontal pro-

duction well, #3H-DTM-3H, will be 

drilled and is targeting Gamba Sand-

stone in the central part of the fi eld. 

9 Egypt

Eni reported a Faghur Basin oil dis-

covery at exploration well #2X-SWM 

in South West Meleiha license in 

Egypt’s Western Desert. The well 

is the fi rst one drilled by the com-

pany to explore the deep geological 

sequences of the basin. It was drilled 

to 5,090 m (16,699 ft) and encoun-

tered 18 m (59 ft) of light oil in the 

Paleozoic sandstones of Dessouky as 

well as other hydrocarbon levels in 

Alam El Bueib sandstones. Produc-

tion from Dessouky was 2.3 Mbbl/d 

of 32-degree-gravity oil and 1,132.6 

cu. m/d (40 Mcf/d) of gas. Addi-

tional exploratory drilling is planned.

10 Egypt

In Egypt’s South K-Field, Trans-

Globe Energy completed drilling 

development well K-45, which was 

targeting the main Asl A sand. The 

well was drilled to 1,777 m (5,831 

ft) and encountered main Asl A 

sand, approximately 20 m (66 ft) 

structurally higher than the previ-

ously drilled K-46 well and is struc-

turally the highest well in South 

K-Field Asl A and B pools. The new 

discovery at K-45 encountered an 

estimated 59.4 m (195 ft) of net oil 

pay comprising 36.5 m (120 ft) of 

net oil pay in the Asl A pool (A1, A2 

and A3) and 23 m (75 ft) of net oil 

pay in the Asl B pool. 
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on the
MOVE

PEOPLE

Ivan de Souza Monteiro has been 

appointed CEO  and to the board 

of directors of Petrobras, following 

Pedro Parente’s resignation.

George Morrison (top) has 

been promoted to Group 

CEO of Aquaterra Energy 

Group, and James Larnder 

(bottom) has been promoted 

to managing director of the 

Aquaterra Energy business.

David Lamont has stepped down as 

CEO of Proserv as part of the com-

pany’s financial restructuring. David 

Currie will assume the role of CEO.

CEO Richard N. Azar II of Camber 

Energy (formerly Lucas Energy) 

has resigned but will remain on the 

board of directors. Louis G. Schott 

has been named interim CEO.

Walter Thain has joined 

Three60 Energy, a newly 

formed oilfield service 

company, as CEO of the 

North Sea. 

Erroll A. Booker has been appointed 

CEO, CFO, president, director, 

secretary and treasurer of Century 

Petroleum Corp., following Mandla 

J. Gwadiso’s resignation in May. In 

addition, Dr. Cletus M. Ibeto has 

been appointed chairman of the 

board of directors.

Craig Bryksa has taken over as 

interim CEO and president of

Crescent Point Energy Corp.

Transocean Ltd.’s John Stobart, 

executive vice president, COO 

and chief performance officer, is 

retiring. Keelan Adamson, senior 

vice president of operations, has 

assumed Stobart’s responsibilities.

Comet Ridge Ltd. has appointed 

Peter Harding-Smith CFO, succeed-

ing Don Langdon. 

James (Jim) Hodgson has been named 

High Arctic Energy Services Inc.’s CFO, 

and CEO J. Cameron Bailey has been 

appointed to the board of directors.

Acoustic Data has hired Gavin Lind-

say as COO. 

Lars Oestergaard has been 

appointed COO of Polarcus Ltd. 

Ong Poh Kwee has ceased his 

appointment as COO of Sembcorp 

Marine Ltd.

Ultra Petroleum Corp. has named 

Jay Stratton COO.

Quorum Software has appointed 

Mike Lake president of the Entero 

MOSAIC division. In addition, Roy 

Queener has been named president 

of Quorum Canada, the company’s 

Canadian business unit, and Steve 

Robb has been named vice presi-

dent of sales for Quorum Canada.

Frank E. Hopkins has retired as 

senior vice president of investor 

relations from Pioneer Natural 

Resources Co., and Neal H. Shah 

has assumed his responsibilities.

Offshore Technical Com-

pliance (OTC) has pro-

moted Nicole Hartzheim to 

director of business devel-

opment for OTC and OTC Solution. 

Frank Andersen was 

appointed general  

manager of Scandinavia  

for Pipetech. 

Juliet Heading has joined Shoal 

Point Energy Ltd. as corporate  

communications manager. 

Paul Tiszai has joined Trio- 

Vision LLC as West Coast 

regional sales manager. 

Brad Watson and Barton 

Porter have been named Energy 

Industry Practice leaders for 

Chubb’s mid- and large market 

business lines, respectively.

Vallourec has appointed Rémi Dujon 

group general secretary and a mem-

ber of the executive committee.

Tap Oil Ltd. has appointed Damon 

Neaves as chairman of the company.

The Fintech Open Source Founda-

tion has named Brad Levy and  

Alejandra Villagra chair and vice 

chair, respectively, of the board  

of directors.

A. Bart Holaday has retired as a 

director of MDU Resources Group 

Inc.’s board.

Continental Resources Inc.’s board 

of directors has elected Shelly Lam-

bertz as a Class II director, succeed-

ing James L. Gallogly who retired.

Jens Peter Riber has joined technol-

ogy firm Akselos as an adviser.

Anthony J. Best has been named 

chairman of Newpark Resources 

Inc.’s board, succeeding David C. 

Anderson who retired in May.

GeoPark Ltd. has appointed  

Constantine G. Papadimitriou as  

a board member.

Lilis Energy Inc. has appointed 

Nicholas Steinsberger and David M. 

Wood to its board of directors.

Daniella Dimitrov has been 

appointed to International Petro-

leum Corp.’s board of directors.
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Anfield Energy Inc. has appointed Ste-

phen S. Lunsford to its board of directors.

Simon Cheeseman and Claus Hjoer-

ringgaard have joined the National Sub-
sea Research Initiative’s board.

Zargon Oil & Gas Ltd. has appointed Craig 

H. Hansen, Kyle D. Kitagawa, Geoffrey C. 

Merritt, Jim Peplinski, Ron Wigham and 
Grant A. Zawalsky as directors.

COMPANIES

Talos Energy Inc. has merged with 

Stone Energy Corp. The newly com-
bined company will operate under the 
name Talos Energy Inc.

BP’s regional office for the San Juan 
Basin will relocate in October to down-
town Durango, Colo.

Fairmount Santrol and Unimin Corp. 
completed their merger June 1, and 
the combined company has been 
named Covia Holdings Corp. 

EV Energy Partners LP has com-
pleted its financial restructuring and 
emerged from Chapter 11 as a new 
corporation under the name Harvest 

Oil & Gas Corp.

Terradon Corp. has opened a new loca-
tion in Clarksburg, W. Va. 

Proserv has opened a new  
6,039-sq-m (65,000-sq-ft) purpose- 
built center of excellence in Great 
Yarmouth, England. 

Vermilion Energy Inc. has acquired 
Spartan Energy Corp. for a total consid-
eration of $1.4 billion. 
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last
WORD

Andy Hawthorn, XACT

A
rtificial intelligence, automation, self-learning 

models and digitalization of the oil field are all 

terms that have been bandied around the oil and gas 

industry over the last couple of years. There is rarely 

a conference or workshop that does not include a ses-

sion somewhat related to these terms. The marketing 

departments of oil companies and service companies 

alike trumpet the latest advances without many, or any, 

concrete examples—or an actual definition of what they 

really mean. 

There is much discussion on how digital twins and Big 

Data analytics will improve safety and efficiency, but the dig-

ital twin is pretty useless without its real-world counterpart. 

Data analytics without the right data is just a big guess. 

Data are the fundamental building blocks of any 

model or system. Without data, there is no analysis. 

It is just opinion. As Sherlock Holmes uttered in the 

2009 movie by the same name, “Data! Data! Data! I 

can’t make bricks without clay.” 

Therefore, what is striking in the industry is the lack 

of the right data in many areas of operations, partic-

ularly in the highly complex deepwater environment. 

In these scenarios, risk and cost are both heightened. 

Crucial decisions about downhole conditions often are 

derived from models based on measurements and data 

from the surface, which may not adequately reflect 

what is happening 6,096 m to 9,144 m (20,000 ft to 

30,000 ft) away in the wellbore. 

Recent industry papers from multinational operators 

indicate that real-time downhole data are available for 

15% of total well construction time and that this is pri-

marily limited to on-bottom drilling while circulating. 

Tripping in and out of the hole, casing, cementing and 

completion activities are essentially performed blind and 

reliant on models that may 

not have the right data to 

inform the correct decision.

Albert Einstein once said, 

“Not everything that can 

be counted counts, and 

not everything that counts 

can be counted.” Data are 

important, but the right 

data are essential.

Before blindly accepting 

the output or analysis of 

models, we have to funda-

mentally understand the 

limits and the assumptions 

inherent in those models 

and whether those assump-

tions are adequate to 

resolve the question we are 

asking. As drilling, casing, 

cementing and comple-

tion windows become tighter and as well complexity 

increases and reservoirs deplete, the need for the right 

downhole data to resolve these questions becomes para-

mount. We should constantly be exploring the best way 

to acquire the right data to resolve industry problems.

I truly believe that Big Data, data analytics and the 

other current buzzword terms will have a major influ-

ence on how the oil industry operates in the future. 

However, this initiative will fail if we are not acquiring 

the right data at the right time and from the right place 

to make it work. 

The Big Data conundrum 
Are we getting ahead of ourselves before we have the right data?

Analytics helps organize Big Data into manageable packets of information for improved business 

planning. (Source: Cyber Kristiyan/Shutterstock.com) 
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