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Two cutting-edge technologies bring an unprece-

dented level of reservoir understanding to your shale 

operations. These affordable, noninvasive solutions 

deliver vast improvements in fracturing plans, fi eld 

development and operational effi ciency.

Oilfi eld innovation hasn’t always come from research 

centers. In fact, some of our best efforts originate at 

the front lines. In the quest to solve everyday problems, 

operators often deliver groundbreaking results by com-

bining two technologies in a new fashion – just as George 

Mitchell did when he solved the shale puzzle by teaming 

the technologies of massive hydraulic fracturing and hor-

izontal drilling.

Since those early days in the Barnett Shale, the indus-

try has focused on improving operational effi ciency 

to drive costs down and maximize profi tability. As the 

business matured, the incremental gains on operational 

effi ciency began to level off. Today, this leaves operators 

looking elsewhere for the next game-changing innova-

tion. Many believe it will come from a better understand-

ing of the reservoir and are actively testing technologies 

that address this need.

Two such technologies are C&J Energy Services’ 

LateralScienceSM engineered completion method and 

Seismos’ real-time hydraulic fracture monitoring. As 

standalone services, each excels at delivering a deep level 

of reservoir understanding in a very effi cient manner. 

This makes both technologies particularly well suited to 

the shale business. The real value blossoms when they 

are used together.

C&J’s LateralScience method uses common drilling 

data to optimize the well-completion design. The results 

are normally delivered prior to the completion and are 

used in a predictive manner to help build a treatment 

schedule that is most appropriate for the geomechan-

ical properties of the reservoir rock being treated. 

The workfl ow is similar to those of other engineered 

completion technologies, but with added advantages. 

Because it uses existing drilling data to characterize the 

reservoir rock, it is noninvasive, and it is also an order 

of magnitude less expensive. 

This makes the LateralScience 

method ideally suited for the 

shale business.

The Seismos technology uses 

borehole pressure-wave refl ec-

tions to evaluate the properties 

of the hydraulic fracture net-

work created during the com-

pletion process. The properties 

derived from these measure-

ments include effective fracture 

half-length, fracture height and 

fracture width. The measure-

ments also deliver additional 

properties, including the near-

fi eld conductivity and complex-

ity index, as well as a far-fi eld 

conductivity and reservoir con-

nectivity index. Their data analy-

sis is based on proprietary signal 

processing that is done on-site 
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during the fracturing process. The technique is nonin-

vasive, since it is deployed using two surface-mounted 

pressure transducers, a transmitter and a receiver. Data 

processing is delivered in real time, which enables the 

operator to make decisions on the fly. The deliverables 

from this innovative technology are typically used to 

address challenges such as optimizing stimulation treat-

ments, determining and improving diversion effective-

ness, and predicting and avoiding communication with 

offset wells.

There are many significant advantages that can be 

achieved by partnering these two technologies: 

(1) Used standalone, the LateralScience method pro-

vides valuable information about formation heterogeneity. 

Adding Seismos methodology to the equation enables the 

operator to visualize the geometry of the fracture network 

being created. This gives field engineers the ability to 

accurately predict fracture height growth in subsequent 

wells, which has a significant impact on fracture length 

and width. In short, the LateralScience method provides a 

qualitative indication of the lateral’s geomechanical prop-

erties, and Seismos furthers the value by providing quanti-

tative information to visualize the fracture propagation. 

(2) Seismos’ real-time fracture monitoring technol-

ogy can benefit significantly from the LateralScience 

method, which provides valuable calibration data to 

accommodate the geomechanical variations across the 

lateral. For instance, a significant stage-to-stage change 

in the Seismos measurements might be due to a change 

in the interaction between the fracturing fluids and the 

lithology (i.e., acid and limestone) or perhaps because 

of a change in formation pressure due to depletion. By 

teaming Seismos with the LateralScience method, the 

rock-strength variable is eliminated.

(3) The effective fracture half-length information 

obtained from Seismos are valuable when “frac hits” are 

a concern. By monitoring the Seismos data in real time, 

operators can avoid the problem before it occurs. By 

teaming up with the LateralScience method, this can be 

done in more of a predictive manner, because the oper-

ator knows whether the likelihood of a frac hit is high 

before pumping a stage. Knowing the location of poten-

tial problem stages beforehand leads to more effective 

avoidance tactics.

(4) The same can be said for screenout avoidance. 

When engineers recognize the signatures on the Seismos 

and LateralScience products that correspond with scree-

nouts, they can use the two together to avoid screenouts 

proactively. The LateralScience method lets operators 

know which stages to be wary of, and Seismos measure-

ments provide information about how to quantitatively 

change the treating schedule to mitigate the issue.

The above examples are all focused on real-time com-

pletion engineering problems. However, some of the 

highest value propositions for the C&J/Seismos partner-

ship come from the reservoir-engineering arena. When 

operators have access to the type of reservoir intelligence 

on every well in the field, they can make much better-in-

formed decisions on well spacing. For example, if effec-

tive fracture half-lengths are 800 ft on the east side of 

the field and 1,800 ft on the west side, there is no reason 

to restrict the operation to a uniform well spacing. This 

understanding in variability across the field will enable 

maximum oil recovery – while minimizing the danger of 

wells interfering with each other.

The shale business has built itself on industrialized pro-

cesses that are predictable and repeatable, opting for effi-

ciency and avoiding the “science projects.” Often, deploy-

ing reservoir technologies is time intensive, so these pro-

cesses can be detrimental to the efficiency of the operation. 

However, both C&J’s and Seismos’ respective solutions 

offer noninvasive technologies that can vastly improve com-

pletion performance without interrupting or delaying the 

schedule. It is important to note that it takes specialized 

expertise to properly apply the LateralScience and Seismos 

data to the perforating and hydraulic fracturing operations 

– and C&J is well equipped to deliver optimal results. The 

partnership between C&J and Seismos is designed to create 

a “one-stop shop” that provides superior reservoir intelli-

gence and then takes this a step further to ensure that the 

intelligence is leveraged properly to deliver maximum 

value to your operations. 

LateralScienceSM is a registered service mark of  

C&J Energy Services.
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More bang than whimper   
As 2018 closed with a flurry of good news, 2019 is set to 

deliver new discoveries and technologies to the oil and 

gas industry. 

J
anuary has finally arrived, bringing with it an end to exhausted budgets as 

coffers are refreshed and ready to fund 2019 plans. While experts will pon-

tificate about the year ahead, I prefer to look at the whirlwind of positive news 

that sent 2018 out with more of a bang than a whimper. 

The offshore sector roared a little louder at year-end as a couple of young 

lions, Guyana and Mexico, made the front page. With its 10th Guyana discovery, 

Exxon Mobil added another 1 Bboe of discovered resources to its ledger. The 

Pluma-1 well in the Stabroek Block found 37 m (121 ft) of oil-bearing sand-

stone, on trend with other discoveries in Guyana’s Cretaceous sandstone play.  

“The Stabroek Block’s recoverable resource volumes now surpass 5 Bboe, 

marking one of the most impressive exploration campaigns in recent times,” 

said Luiz Hayum, research analyst with Wood Mackenzie’s Latin America 

upstream oil and gas team, in a press release. “With 17 prospects still to drill, 

Stabroek is writing Guyana’s future. It will easily become the fourth largest 

oil-producing nation in Latin America by the next decade, with chances to 

outperform the countries preceding it. If Venezuela and Mexico fail to address 

production declines, Guyana could quickly surpass them to No. 2,” he said. 

The consortium of Sierra Oil and Gas, Talos Energy and Premier Oil are 

working to address the production decline with its work at Zama in the Sur-

este Basin offshore Mexico. Appraisal drilling is underway at the Zama 2 

well with plans to drill a third well. The Zama Field is estimated to hold 400 

MMboe to 800 MMboe of recoverable resources and is expected to start pro-

duction in 2022, according to a DEA Deutsche Erdoel AG press release. At 

press time, DEA announced that an agreement to purchase Sierra Oil & Gas 

had been signed. Once the transaction is completed as expected in the first 

half of 2019, DEA will assume Sierra’s 40% nonoperated interest in the Zama 

project and five other blocks located offshore Mexico. 

Technology innovations in hydraulic fracturing operations look to break away 

from the pack in the new year. Halliburton, for example, with its Prodigi AB 

applies automation to hydraulic fracturing to deliver better well performance, 

according to the company. AFGlobal offers another example of innovative 

thinking with its DuraStim pump. The company announced the successful 

completion of its field evaluation of the pump in the Permian Basin. The new 

6,000-hp pressure pumping technology offers the equivalent of three times the 

effective horsepower of a conventional frac unit, according to a press release.

My outlook for 2019 is more good than bad as new  

discoveries and technologies will keep all sectors of the 

industry busy.

https://www.epmag.com/
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Matthew S. Jones, Woodard & Curran

T
he U.S. Bureau of Ocean Energy Management 

(BOEM) regulates E&P activity on the Outer Conti-

nental Shelf (OCS) of the Gulf of Mexico (GoM) west of 

87.5°W longitude. If a proposed E&P plan has projected 

pollutant emissions greater than BOEM’s exemption 

threshold for the plan, an air quality review is required. 

BOEM has two levels of air quality review as part of its 

current air assessment procedure. 

The first level is limited to only those pollutants emit-

ted above BOEM’s thresholds for the plan’s location. It 

involves performing air dispersion modeling of a plan’s 

worst-case emissions to determine if the plan could cause 

or contribute to an exceedance of the air quality standards 

at the nearest shoreline. The second level adds a more 

complex analysis of the impact of the plan on the ability of 

a human to view scenery while visiting the Breton National 

Wildlife Refuge, a so-called “visibility” analysis.

Breton National Wildlife Refuge is a strip of barrier 

islands formed from remnants of the Mississippi River 

delta and the river’s historical westward course shift 

some 2,000 years ago. The refuge was established in 

1904 and modified due to tides, wind erosion and trop-

ical cyclones. Breton is managed by the U.S. Fish and 

Wildlife Service (FWS), which protects the refuge’s air 

quality, specifically, the clarity of the air.

The modeling necessary to evaluate whether a plan 

will impact the ability of a human to view scenery 

within Breton is relatively complex and requires the 

use of air dispersion models with advanced transport 

and chemistry algorithms along with detailed specia-

tion of a plan’s emissions into numerous potential 

pollutants. A plan could be exempt 

from this level of analysis if it is 

located more than 200 km (124 

miles) from Breton. However, most 

plans within 100 km (62 miles) are 

immediately sent to FWS for visibil-

ity impact evaluation, while plans 

between 100 km and 200 km from 

Breton undergo an initial impact 

screening procedure related to the 

amount of emissions and nearest 

plan distance to Breton (Figure 1).

This procedure has the potential 

and history of pulling in deepwater 

plans located in Mississippi Canyon 

and the western edge of De Soto 

Canyon for an evaluation of visibility 

impacts at Breton.

BOEM has released proposed 

rules that are more in line with cur-

rent U.S. Environmental Protection 

Agency (EPA) evaluation methods. 

While the proposed rules narrow 

the number of plans being sent 

directly to FWS for visibility impact 

review to inside 50 km (31 miles), 

the agency may expand the scope of 

deepwater visibility impact reviews, 

Winds of change bring potential delays     
Will air quality reviews in the Gulf of Mexico get more complicated? 

FIGURE 1. Current and potential BOEM guidance are defining the area wherein E&P plans are 

evaluated concerning visibility impacts at Breton National Wildlife Refuge. A radial area is  

inclusive of all offshore space within its outermost radial distance. (Source: Woodard & 

Curran/BOEM GIS Layers) 

EXTENT OF VISIBILITY IMPACT REVIEW REQUIREMENT

https://www.epmag.com/
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exposing more plans located between 50 km and 300 

km (186 miles) from Breton in Lloyd Ridge, Atwater 

Valley and Green Canyon regions to visibility evalu-

ation requirements. This means protracted approval 

schedules that could involve negotiations with FWS 

for these deepwater plans.

Stricter benchmark
BOEM has defi ned certain shoreline ambient air qual-

ity concentrations below which a plan is considered to 

have no signifi cant impact. To date, BOEM has defi ned 

these signifi cance concentrations for several pollutants, 

including nitrogen dioxide (NO
2
). The annually averaged 

ambient concentration of NO
2
 at a shoreline point cannot 

exceed 1 µg/cu. m when a plan’s emissions are modeled 

during an air quality review. 

If the modeled concentration exceeds this signifi cance 

threshold, the plan must implement the best control tech-

nology available to reduce emissions as much as feasible. 

If BOEM further adds to the analysis of modeled concen-

trations exceeding the signifi cance threshold by aligning 

with EPA’s analysis procedure, this could mean that a plan 

must consider the cumulative air quality impact of not 

only its emissions, but the emissions of the 

broader region upwind of the exceedance 

point along the vector to the plan location. 

This would require evaluating all emissions 

sources inside of a 90-degree sector cen-

tered on the plan location (Figure 2). 

Records, plans and emission history 

of all sources of emissions inside that 

sector would be queried, inventoried 

and included in a full impact modeling 

analysis to compare with ambient air 

quality standards. A plan’s shoreline 

impacts rarely exceed the annual NO
2

signifi cance concentration threshold, and 

control requirements and this type of 

onerous multisource analysis can usually 

be avoided.

However, if BOEM moves forward with 

adopting EPA’s signifi cance concentra-

tion thresholds as proposed, this would 

not only mean an annual signifi cance 

concentration level to evaluate against 

but would further include a one-hour 

average concentration that would likely 

be exceeded by even a moderately sized 

plan. For instance, some deepwater plans 

show modeled concentrations at the 

shore of about 100 1 µg/cu. m (com-

pared to the EPA signifi cance level of 7.5). In other 

words, if BOEM adopts EPA’s one-hour NO
2
 bench-

mark, for example, more plans would be required to 

perform broader air quality impact modeling including 

emissions from nearby sources needing more schedule 

for data and documentation development and verifi ca-

tion followed by review and approval.

If BOEM fully aligns with EPA on visibility impact eval-

uation procedures, air quality standards and benchmark 

concentrations, air quality reviews in the GoM will have 

broader scopes and become more complicated, affecting 

plan review schedules. BOEM’s proposed rules state that 

such an alignment will occur. A version of BOEM’s pro-

posed rules have been waiting in the wings since April 

2016, but modifi cation of the proposed rules is under 

consideration. It is critical for E&P air quality teams to 

monitor and understand BOEM’s path to air quality rule 

alignment with EPA in the months ahead. 

Have a story idea for Industry Pulse? This feature looks at 
big-picture trends that are likely to affect the upstream oil 
and gas industry. Submit story ideas to Group Managing 
Editor Jo Ann Davy at jdavy@hartenergy.com.

FIGURE 2. If BOEM aligns with the EPA, then a single E&P plan may need to consider 

emissions from surrounding platforms and sources of emissions. (Source: Woodard & 

Curran/BOEM GIS Layers)

POTENTIAL CONSIDERATION AREA FOR PLAN THAT EXCEEDS BOEM’S 
DEFINED SHORELINE SIGNIFICANCE CONCENTRATIONS IF BOEM ALIGNS 
WITH EPA’S BENCHMARKS AND PROCEDURES

https://www.epmag.com/
mailto:jdavy@hartenergy.com
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Antony Quin, International Well Control Forum

I
f drilling companies are to make any headway in the 

drive to improve safety in the workplace, then part of the 

puzzle is to delve deep into the minds of its workforce.

The oil and gas sector is taking the lead from the avi-

ation industry, which has reacted quickly to the realiza-

tion that human error, rather than mechanical failure, 

underlies most accidents and incidents. 

Understanding human factors involves gathering infor-

mation about human abilities, limitations and other char-

acteristics, and applying it to tools, machines, systems, 

tasks, jobs and the work environment. This knowledge 

can then be translated into design, training, policies or 

procedures to help improve human performance.

On the drilling floor, long shifts, heavy physical 

labor and harsh environmental conditions can under-

standably take their toll on a worker’s body and mind. 

Studies into these conditions, particularly mental 

aptitude, and the effect it has on decision-making, 

planning, problem-solving, judgment, alertness and 

assessing potentially hazardous situations, are only 

just emerging. Detailed work by industrial psychology 

professionals and the use of simulators have increased 

in the years following the Deepwater Horizon disaster, as 

human factors, as well as technical issues, were deemed 

to have played a part in the incident.

Drillers in the future will not only have to prove that 

they understand how to use tools, run line and man 

control panels competently but also recognize and alert 

superiors when they or a fellow worker might be suffer-

ing from fatigue or cognitive impairment. There must 

also be a more transparent safety culture where workers 

and management can feel comfortable and confident 

for reporting such behaviors. 

Safety on course
Aviation leaders have been using crew resource man-

agement (CRM) training for several decades, and this is 

now making its way into oil and gas. The International 

Well Control Forum (IWCF) has launched an online 

training course to help reduce human error in well con-

trol incidents. Developed by experts in human factors 

and strategic leadership, this is offered free of charge to 

the industry through an online portal.

Research applied in the Well Operations Crew 

Resource Management (WOCRM) course found that 

better understanding of leadership, situational aware-

ness and decision-making can significantly lessen the 

impact of human factors on major well incidents.

Well operations crews have a resource they can use to 

boost their knowledge of nontechnical skills, including 

communication and teamwork, using a single interna-

tionally available course. Participants also can learn how 

to look out for warning signs of stress and fatigue in 

themselves and colleagues, which can potentially affect 

performance in highly hazardous work environments. 

Lessons learned
Major incidents make everyone in the industry and wider 

society sit up and take notice. Piper Alpha and Deepwater 

Horizon are prime examples. However, while steps have 

Human behaviors in well operations     
Safety practices on the drilling floor will improve with better awareness.

Well operations workers on the drill floor are in simulated  

conditions. (Source: International Well Control Forum)

https://www.epmag.com/
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been taken to prevent blowout occurrences, lessons must 

always be learned, particularly as the number of blowouts 

has continued at a concerning rate since 2010. 

There also has been necessary attention to lost-

time incidents, which can affect individual workers. 

Companies must not lose sight of the risk of a larger 

process accident. The U.S. Occupational Safety and 

Health Administration (OSHA) works with the industry 

to set regulations for safe and healthy environments for 

workers. This includes a standard outlining the impor-

tance of a hazard-free work environment, with responsi-

bility lying directly with employers and workers.

OSHA identifi es that the number of fatalities in U.S. 

oil and gas is seven times higher than in other industries. 

It outlines that workers tend to have the best knowledge 

about hazards on the work site and can offer insights into 

how they could be controlled. OSHA makes recommen-

dations for many technical hazards, but for fatigue and 

stress, it does not have regulatory guidance. Therefore, 

additional resources, such as the WOCRM course, have 

been welcomed to inform workers and employers best.

The work of IWCF aligns well with OSHA’s activity to 

understand more about the impact of workers’ behavior 

on hazard reduction. Both make recommendations that 

employers and fellow workers pay attention to physical, 

mental and emotional signs, ask colleagues about their 

health and wellbeing, and monitor conditions such as 

tiredness or irritability. Employers are advised to limit 

the use of extended shifts and issue tasks that require 

heavy physical labor or intense concentration to the 

beginning of shifts.

In the U.K., changes to working patterns in the North 

Sea have been controversial with unions claiming three-

week on/three-week off rotations (3/3 rotas) affect the 

performance, health and wellbeing of the workforce. 

This has been seen in other sectors, including the medi-

cal profession, where there have been cases of exhausted 

and stressed out doctors making detrimental mistakes.

In oil and gas, there are discussions to be had around 

working conditions that affect performance regarding 

human error and accidents, process events and longer-

term mental and physical wellbeing. People need to 

be fi t for duty but also the good of colleagues and the 

wider workplace. Detailed studies into these areas are 

still required.

Reporting up
Communication practices in the offshore oil and gas 

industry have improved post-Piper Alpha signifi cantly. 

Some systems are designed to make it easier for workers 

to communicate with supervisors and managers, such 

as including mandatory safety representatives on every 

asset. They can act as a sounding board for issues on 

the work site and an independent channel to convey 

information and concerns. This is particularly vital if a 

worker is unsure or apprehensive about reporting up or 

fl agging a safety problem. It is not a perfect system, but 

operators and service companies are encouraging the 

sharing of information to catch and prevent errors.

Investment of workers’ time in the likes of the free 

IWCF course will help to endorse, reinforce and spell 

out why positive behaviors, such as sharing information, 

should be the norm, rather than making fellow workers 

feel uncomfortable. It is vital that workers at all levels 

have the confi dence to speak up about safety. Increased 

knowledge can empower them to do so when they con-

sider risk levels to be unacceptable.

Future tools
Skills outlined in the WOCRM training package are 

what the best drillers and members of well control have 

always done, but not everyone was using this knowl-

edge consistently. 

Course content specifi cally designed for drilling 

fl oors has been increasing with several studies underway 

in the U.S. and Denmark. Research, combined with the 

use of drilling simulators and behavioral studies that are 

directly related to drilling personnel will help build up 

a comprehensive picture of health, safety and well-being 

of the drilling community. 

An IWCF trainee is ensuring drill fl oor hazards are correctly 

documented as part of a training exercise. (Source: 

International Well Control Forum)

Have a story idea for Industry Pulse? This feature looks at 
big-picture trends that are likely to affect the upstream oil 
and gas industry. Submit story ideas to Group Managing 
Editor Jo Ann Davy at jdavy@hartenergy.com.
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Nadia Crisan and Daniela Serban, 

McGuireWoods Consulting 

I
n 2018 the Romanian Parliament set the scene for 
future offshore investments in the Black Sea by passing 

a bill to regulate offshore legislative framework. The 
law entered into force late last year and includes tech-
nical and fi scal provisions for offshore oil exploration 
activities, including exploration permits, transportation 
conditions and the availability of data. The bill also adds 
taxes on additional revenues obtained from the offshore 
wells, out of which investments in the upstream segment 
are deducted. For existing investors, the fi scal regime 
applied will be the one set through already signed indi-
vidual agreements.

The offshore law seeks to ensure that Romania con-
tinues to have a competitive offshore fi scal regime for 

investment when compared with both Europe and the 
rest of the world.  

Royalties, new tax structure
Parliament proposed a revised royalty and additional 
tax structure for offshore investments, allowing 30% of 
upstream investments to be deducted for calculation of 
additional tax purposes. Parliament also proposed that 
almost half of the offshore production be traded on the 
Romanian market, allowing Romania to establish a trad-
ing hub in Eastern Europe for natural gas.

Currently, several companies operate in the Black 
Sea, and seven interconnected platforms extract gas 
and oil from offshore perimeters. According to publicly 
available data, 8% of Romania’s oil production is from 
Black Sea platforms. In addition to current production, 
the discovered resources waiting for development could 

double Romania’s 
gas production.

The bill has 
attracted strong 
interest from the 
international 
community due 
to existing large 
investments in the 
Black Sea from 
Exxon Mobil, 
OMV Petrom, 
Lukoil, Gas Plus 
SpA and Carlyle 
International 
Energy Partners. 
According to the 
Black Sea Title-
holders Associa-
tion, over the past 
17 years more 
than $6.5 billion 
has been invested 
in exploration 
activities alone, 
and developing 

Romania’s offshore opportunities 
enhanced by low royalties, taxes 
A new pipeline will create a new export route for natural gas to European markets.

The Romanian section of the BRUA natural gas pipeline will create a new export route that will allow the country to 

transport natural gas to Eastern and Western Europe. (Source: McGuireWoods Consulting)
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production facilities for new projects will involve addi-

tional investments of several billion dollars. The fi rst 

deepwater offshore well was drilled in Romania in 2012. 

Offshore investors will provide funds to build the entire 

maritime infrastructure, underwater and onshore, to 

connect with the National Transportation System. 

US and regional support for energy projects 
The Three Seas Initiative, also known as the Baltic, Adri-

atic, Black Sea Initiative, is a forum of 12 EU countries in 

Central and Eastern Europe. In 2018 the initiative took 

place in Bucharest and had a special focus on energy. The 

initiative aims to deliver key projects in energy, transport 

and digital interconnections between the member states. 

Historically, more effort was made to link the eastern and 

western parts of Europe, whereas attention has now turned 

to establishing functional north-south connections. Among 

the major priorities of the initiative is the economic and 

strategic signifi cance of Central and Eastern Europe to the 

U.S. The aim of planned and completed energy projects 

is to eliminate dependence on Russian gas and contribute 

to the diversifi cation of gas supply in Central and Eastern 

Europe. A possible north-south energy corridor stretching 

from the Baltic states to Croatia, knitting together the 

region, would relieve many member states of their sole reli-

ance on Russian gas.

U.S. Secretary of Energy Rick Perry was present in 

mid-September 2018 in Bucharest at the Three Seas Ini-

tiative summit and reconfi rmed the support of the U.S. 

as a stable, reliable, energy partner for the countries of 

Central and Eastern Europe.  

Perry noted that the commitment of the leading oil- 

and gas-producing country in the world is driven by 

the understanding that energy security is tantamount 

to national security, and transatlantic energy security is 

fundamental to the national security of all nations. Since 

Russia’s invasion of Crimea and the threat of a cutoff 

of natural gas supplies in the winter of 2014, Europe’s 

dependence on Russian gas has only been increasing, 

going from a 30% share to now more than a 40% share, 

according to Perry. He added that the prospects for 

offshore oil and gas development in the Black Sea are 

signifi cant. Companies are poised to make fi nal invest-

ment decisions on projects that have taken many years to 

develop with millions of dollars at stake.

BRUA natural gas pipeline
Romania is working with Bulgaria, Hungary and Austria 

on the BRUA natural gas pipeline, which will create a 

new export route for future natural gas in the Black Sea. 

The Romanian section will include 550 km (342 miles) 

of pipeline, allowing Romania to transport natural gas to 

Eastern and Western Europe. The project has a total cost 

of up to 500 million, is co-fi nanced by European funds 

and is meant to provide energy security for Romania.

BRUA will be constructed in two phases: 

• Phase 1: construction of a transmission pipeline 479 

km (279 miles) long from Podisor to Recas, which 

ensures interconnections and transmission routes 

along the region; and

• Phase 2: construction of a transmission pipeline 50 

km (31 miles) long from Recas to Horia to expand 

the Romanian transmission toward Hungary. 

According to the European Bank for Reconstruction 

and Development, Romania’s participation in the BRUA 

pipeline will allow the country to transform from the 

country-specifi c low-pressure system into a high-pres-

sure grid. This would allow access to future major gas 

infrastructure projects as well as access to Central Euro-

pean gas hubs. It also would help to service current and 

future Black Sea gas sources. 

The combined development of offshore gas and the 

BRUA pipeline have the possibility of making Romania 

one of the few energy-independent countries in the world, 

transforming the country into a net natural gas exporter 

while providing a diversity of supply for Eastern Europe.

Updates on the BRUA pipeline project were presented 

during the Three Seas Initiative summit, where the repre-

sentatives of Transgaz, the operator of the national natu-

ral gas transmission system in Romania and the developer 

of the project stated that the work is well on track. Con-

struction of the compressor stations began in April, while 

work on the pipeline corridor itself started in June 2018. 

Analysts are watching Hungary’s position and the recent 

statements to pull out of BRUA.

10-year energy strategy
Romania was expected to release its 10-year energy strat-

egy by the end of 2018, aiming to maintain a balanced, 

technologically neutral energy mix, based on the effi cient 

use of internal energy resources. Renewable energy, 

including large hydroelectric power plants, nuclear power 

and clean coal technologies, will play an important role 

in Romania’s energy mix. Given recent and forecast eco-

nomic growth trends, Romania needs to avoid a potential 

supply defi cit for gas and consider alternative and supple-

mentary gas supplies from sources such as Azerbaijan and 

Russia and even potentially the use of LNG.

As a member of the EU and NATO, and strategically 

located at the Black Sea, Romania offers abundant inter-

national business prospects—especially related to 

energy—that continue to grow. 
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Jennifer Presley, Executive Editor, E&P; and

Steve Toon, Editor-in-Chief, Oil and Gas Investor

H
alliburton CEO Jeff Miller sits at the helm of the 
company at a momentous point in its history: the 

100th anniversary this year of solving oil and gas fi eld 
problems. In 1919 founder Erle P. Halliburton started 
an oil well cementing business in Duncan, Okla., with a 
borrowed wagon, a team of mules and a pump. 

Today, Halliburton services E&P operations around 
the world, with 60,000 employees in 80-some countries. 

“The biggest bets we make are on our people,” Miller 
said. “The business has changed many times over, but 
our company doesn’t thrive for 100 years without fantas-
tic people.”

E&P recently spoke to Miller at the company’s head-
quarters in Houston. 

E&P: Would Erle P. Halliburton be more impressed by 

the fact that Halliburton has reached $20-plus billion in 

revenue or 100 years in age?

Miller: I think Erle P. would be 
more excited about the $20 billion 
in revenue. Erle P. was an absolute 
competitor, and it came through 
in everything he did, going back 
to the beginning with the jet 
cementer pulled by mules. He 
invented a lot of other things as 
well; he was an innovator at heart. 
With what the industry has done 
and what Halliburton has done, 
he’d be fascinated by it. He’d want 

to be a part of it.
He’d be excited about the 100 years, too, because 

that’s quite a legacy and there aren’t many companies 
that have done that. He would be impressed to see 
60,000 employees go into the market, the R&D that 
we’ve done and the kind of technology that we deliver 
every day.

E&P: How signifi cant is it to be in business and even a 

sector leader for a century?

Miller: It’s a really big deal. There aren’t many compa-
nies—say 12—that log 100 years and are still in the For-
tune 500. We’re excited to be one of them. That kind of 
staying power says we’re a company that reinvents itself, 
that delivers new ideas and stays relevant. It’s one thing 
to be 100 years old, it’s another to be at 100 years and still 
leading in our fi eld. That to me is what’s most fantastic.

E&P: What’s the secret to that longevity?

Miller: When I think about Halliburton, I think about 
our value proposition: We collaborate and engineer 
solutions to maximize asset value for our customers. 
That sounds like a mouthful, but the fact is that abso-
lutely captures the DNA at Halliburton. We work closely 
with our customers, we’re constantly developing new 
technologies and we’re always driving toward our cus-
tomers’ goal of lowest cost per barrel of oil equivalent. 

E&P: Halliburton has a long history of being a technol-

ogy innovator and a disruptor to the industry. How do 

you know when to shake things up?

Miller: Great companies are always willing to challenge 
and disrupt things, and we like to disrupt. But I think at 
the core of disruption is honesty, and by that I mean the 
willingness to look at the market, understand the tech-
nology and, when the time is right, be willing to disrupt 
things that may have worked for a very long time. But 
it’s also done because we know we want to deliver the 
lowest cost per boe [barrel of oil equivalent] for our cus-
tomers. And that’s going to involve disruption.

E&P: How has the R&D focus changed over time?

Miller: We’re more focused than we’ve ever been on those 
things that create lower cost or increase production. And 
it sounds like an oversimplifi cation, but it’s an important 
one. That’s the screen that I use when we think about how 
we invest our R&D dollars. And because of that, we’re more 
effective than we have ever been delivering technology.

We were 44th in the world in terms of patent grants in 
2017. And we’re the only oilfi eld services company in 
the top 50. We’re excited about that, because it means 

A century of success  
At 100 years old, one leading oilfi eld service company knows how to weather the ups and 

downs of the industry. 

Jeff Miller
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we’re more efficient than we’ve ever been, even when 

working through a very tough cycle.

E&P: What technologies do you foresee as having the 

most impact in the coming years?

Miller: Digital is clearly going to have an impact, though 

I’m very pragmatic about how it’s going to impact our 

businesses. An open architecture is critical in order for it 

to be adopted. But it will drive down costs and make us 

more efficient. At the same time, I don’t have a utopian 

view that is oversimplified. Over time it will be impactful.

E&P: How are data analytics or artificial intelligence 

(AI) changing how we explore for oil and gas reservoirs?

Miller: We’re still in the early days for both. My view is 

that oil and gas has really been the first big adopter of 

Big Data. We were consuming petabytes of data back 

before anybody else knew what petabytes of data were. 

We were processing huge seismic libraries and things of 

that nature. Our industry is very pragmatic, and I think 

in many cases the key will be how we put these technolo-

gies to work so we are collectively making a return.

E&P: How impactful might AI and data analytics be 

toward improving well economics?

Miller: The value of digital will evolve over time in our 

business the same as it has in our personal lives, with 

respect to smartphones and all the things that are auto-

mated in our life. There’s still real work that has to be 

done in order to deliver oil and gas wells. I am always 

cautioning that these things have to create value sooner 

rather than later as we develop them. I do believe it’s an 

evolution because I think the road is littered with over-

spending on technology that wasn’t pragmatically tied 

to a solution.

E&P: What are the headwinds and tailwinds that you 

foresee in North America for 2019?

Miller: There are clearly headwinds in the market-

place with respect to takeaway capacity. In certain 

basins there’ll be all sorts of labor shortages and 

things to wrestle with as the market picks up, but 

those are things we manage every day. And I expect 

that as we get into 2019, many of those disruptions 

are resolved.

But what’s most important is where the macro is on 

supply and demand for oil, and right now it is in the 

best place that it has been in probably four years in 

terms of both supply, being largely constrained or at 

least known, and a strong demand for oil. I expect 2019 

overall will be very positive for the industry. 

Halliburton’s history reveals a continuous focus on innovation and expansion that began with the company’s founder, Erle P. 

Halliburton. (Source: Halliburton)
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Richard Mason, Chief Technical Director

T
he oilfield services sector will learn soon enough if 
2019 fulfills those holiday wishes for a happy new 

year. The sector—and well stimulation in particular—
has just come through holiday-pause mode when a mid 
to high single digit demand reduction is seasonably 
expected. Wintertime weather could create choppiness 
before the market settles into annual cruise mode, just 
as it did in early 2018.

However, the ambience surrounding winter sea-
sonality morphed into negative sentiment at year-
end 2018 as oil prices fell 30% in roughly 60 days. 
True, there were interrelated factors including E&P 
budget exhaustion and a temporary oversupply in 
pressure pumping equipment, particularly in the 
Permian Basin and Marcellus. 

Credit the stimulation sec-
tor, which exhibited efficiency 
improvement in mid-2018 
from a greater percentage of 
pad drilling and zipper frac-
ture stimulation. Stimulation 
crews added more stages per 
days and more hours pump-
ing proppant and water downhole. In some cases, 
pump time improved 15% as stimulation crews cap-
tured efficiencies, first in hours and then later in 
minutes per stage. 

Those efficiency gains allowed E&P companies to 
reach production targets sooner in 2018, and several 
reported annual budget exhaustion in the fourth 
quarter, creating white space on stimulation calen-
dars for service providers.

Despite that, published data suggest the drilled 
but uncompleted well (DUC) backlog is rising and 
now lies shy of a six-month completion inventory. 
Although tight formation rig count flattened after 
Sept. 1, 2018, the industry still has 8,000 wells await-
ing a completion crew, according to the U.S. Energy 
Information Administration. 

The pause in demand impacted stimulation pric-
ing, which fell about 15% on the spot market and 

threatened to reduce pricing from dedicated fleet 
arrangements as 2019 got underway. 

Consequently, the oilfield services sector enters 
2019 in a cloud of uncertainty as E&P companies 
grapple with attaining free cash flow neutrality in a 
dynamic commodity price environment.

E&P companies ended 2018 with a tailwind from 
reduced well cost. On the plus side, the transition 
to in-basin sand mines versus Northern white sand 
lowered well costs more than 20% in some cases. 
Furthermore, inflationary pressure from labor short-
ages abated as overcapacity in stimulation equip-
ment and improved efficiency enabled the industry 
to do more with less. 

The big story in 2018 involved the surge in regional 
sand use, which accelerated after mid-year 2018. 

And that leads back to the main question for 2019. 
How long will the year-end pause in demand for 

stimulation services extend? 
Unfortunately, the industry has 
an imperfect record on fore-
casting. For example, expecta-
tions of a Permian slowdown 
in 2019 due to midstream take-
away capacity may not turn out 

as severe as anticipated.
The expectations that removing Iranian oil from the 

market via sanctions would keep global oil supplies 
tight and commodity prices high, gave way at year-end 
2018 to fears that the global market will be oversup-
plied into 2020. This new fear, implying West Texas 
Intermediate oil prices between $50 and $60, especially 
in the face of 8,000 DUCs, comes as E&P companies 
were on the verge of attaining cash flow neutrality in 
an era where Wall Street no longer funds outspending 
for the sake of supply growth.

Questions remain as to whether industry observ-
ers are overstating demand for sand in the face of 
rising supply and for pressure pumping as the rate 
of growth for stage count, tighter spacing, proppant 
loading and lateral length tops out. Demand—and 
pricing—for oilfield services follows direction in 
commodity price. 

Happy New Year? We’ll see. 

Cloudy outlook for well stimulation?     
As baseball legend Yogi Berra once said, ‘It’s tough to make predictions, especially 

about the future.’

n Are efficiency increases too 
much of a good thing for the 
stimulation sector?

n E&P companies have been hit 
with reduced oil prices.
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T
he historic opening of Mexico’s oil and gas sector 
to private investment and international companies 

in 2014 ended Pemex’s 76-year monopoly. Excitement 
ran high as it meant new areas for E&P. While the 
results of the fi rst bid round held in 2015 were not as 
stellar as hoped for, a consortium comprising Sierra 
Oil and Gas, Talos Energy and Premier Oil walked 
away with the keys to two of the 14 shallow-water areas 
offered by the country.

Roughly two years later, in May 2017, proponents of 
the effort to open the country’s oil and gas resources 
were rewarded with news that the consortium had 
discovered signifi cant resources in Block 7 of the Sur-
este Basin. 

The Zama 1 discovery well, 
drilled by the Ensco 8503 
semisubmersible rig, is located 
about 60 km (37 miles) off-
shore Dos Bocas in 166 m (546 
ft) of water. 

Now with the spudding of 
the Zama 2 appraisal well in 
November 2018, the consor-
tium steps closer to produc-
ing fi rst oil in Mexico. Talos 
Energy, operator of the project, 
announced in early December 
that the spudding of the well 
marks the beginning of the 
Zama discovery appraisal pro-
gram. Building on the successful 
discovery of oil at Zama 1, Talos 
will drill two appraisal wells and 
one sidetrack well, according to a press release. 

The Zama 2 is located to the north of the Zama 1 
well and is being drilled by the Ensco 8503 semisub-
mersible rig to confi rm the oil water contact and col-
lect information to better understand the reservoir’s 
aquifer support, the release stated. This well also will 
be deepened by about 500 m (1,640 ft) below the 
Zama reservoir to test the Marte exploration prospect, 
followed by an updip vertical sidetrack for coring and 
drillstem testing in the second quarter of this year. 

The Zama 3 well will be drilled to the south of Zama 
1 and will delineate reservoir continuity and quality, 
the company stated in the release, adding that com-
pletion of the appraisal program is expected by the 

middle of the year.
Mexico’s Comisión Nacional 

de Hidrocarburos in Septem-
ber 2018 approved a gross 
budget of $325 million for the 
appraisal plan to cover the 
cost of drilling the wells, per-
forming a drillstem test, cor-
ing across the Zama reservoir 
and the collection of rock and 
fl uid samples, according to a 
press release.

“We are excited to enter this 
phase of the Zama project with 
our partners,” Talos Energy’s 
President and CEO Timothy 
S. Duncan said in the release. 
“We are also very pleased with 
the new partnerships formed 
with local Mexican suppliers. 

The timing of the commencement of the appraisal 
program will allow us to stay on track of our goal, 
which is to achieve initial production from the Zama 
discovery in 2022.”

At press time, DEA Deutsche Erdoel announced 
that an agreeement to purchase Sierra Oil & Gas 
had been signed. DEA will assume Sierra’s 40% 
nonoperated interests in Zama 
when the transaction closes in 
the first half of 2019. 

Return to Zama
A U.S. independent has commenced an appraisal program at its Sureste Basin Field in 

Mexico’s Bay of Campeche.

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Executive  Editor

jpresley@hartenergy.com

The Ensco 8503 semisubmersible rig drilled the Zama 

1 discovery well in 2017 and has returned to the Zama 

Field to drill the Zama 2 and Zama 3 appraisal wells. 

(Source: Premier Oil)
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“I
mproved technology within the past two or 

three years has led to the development of new, 

viscous fracturing fl uids and more sophisticated com-

puter programs. These developments have greatly 

improved results of fracturing treatments and have 

made it possible to successfully stimulate those wells, 

which previously were poor candidates for hydraulic 

fracturing treatments.”

That statement is refl ective of the general modern-

ization dynamic currently at play in the oil and gas 

industry—increasingly powerful computer technol-

ogies and slickwater fracturing jobs are common in 

most unconventional well pads today. 

However, that initial statement wasn’t made to 

explain modern innovations; it was made by Dr. Den-

ton R. Wieland, writing for what was then the Dowell 

Division of the Dow Chemical 

Co., in an SPE paper published 

in 1971.

“Trends in hydraulic fractur-

ing over the years have closely 

followed an increased knowl-

edge or better understanding 

of what occurs in the formation 

during treatment,” Dr. Wieland 

wrote back then.

Dr. Wieland’s words nearly 

half a century ago were remark-

ably prescient for an industry 

acutely aware of the same chal-

lenges and solutions. His observations could also tell 

us that the same concerns and possible solutions the 

industry faces today will likely remain relevant over the 

next 50 years.

If Dr. Wieland were around today (he passed in 

2004), he likely would be astounded by what he 

would see: completely automated fracturing jobs for 

wells that stretch 3 km to 5 km (2 miles to 3 miles); 

wells that are drilled and completed in a matter of 

days; and designs and innovations that have pro-

pelled the U.S. to become the highest producing oil 

country on earth. He would see that those same chal-

lenges driving oil and gas companies in the 1970s 

still fuel their imaginations today. 

Those efforts have resulted in technologies such 

as highly specialized diverters that can place fracture 

fl uid in a pinpoint fracture thousands of feet below the 

ground and pumping equipment that creates enough 

pressure to fracture rock miles 

away and works harder and lon-

ger without downtime. 

In October 2018 Dr. Wieland’s 

parent company, Dow Microbial 

Control, revealed its water treat-

ment microbiocide AQUCAR, 

which is designed specifi cally 

for cold-weather fracturing jobs. 

In fact, according to Dow, the 

AQUCAR line of biocides, which 

are winterized with methanol, 

help operators apply microbial 

control down to -40 C (-40 F). 

Of course, not everything works. For every Ford 

Mustang, there’s a Ford Edsel. Not every innovation 

squeezes more barrels out of the reservoir. And not 

every company that innovates survives to see the fruits 

of its labor. To continue the automotive industry com-

parison, for every Chevrolet, there’s a Pontiac. 

For those industry leaders who are 

tackling the same issues today that 

Dr. Wieland faced in the 1970s, 

what will they be astounded to see 

50 years from now? 

Read more commentary at 

EPmag.com

BRIAN WALZEL
Associate  Editor, 

Production Technologies

 bwalzel@hartenergy.com

The more things change, the more 
they stay the same  
The same challenges the industry worked to solve decades ago are still the ones it 

faces today.

Not every company 
that innovates 

survives to see the 

fruits of its labor.
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Jennifer Presley, Executive Editor

R
ecently E&P sat down with digital experts to discuss 
the Big Data challenges facing companies on the 

digital transformation journey. Among the group were 
Philippe Herve, vice president of oil and gas solutions 
for Spark Cognition, and Jonathon Shea, president of 
TAB. The conversation touched on many topics, includ-
ing artifi cial intelligence (AI), predictive analytics, per-
sonnel issues and more.  

E&P: What are the three biggest data challenges facing 

the upstream oil and gas industry?   

Herve: The fi rst is one of scaling. 
Predictive maintenance has the 
potential to be hugely benefi cial to 
oil and gas operations. But when 
performed manually, predictive 
analytics requires data scientists 
and technicians to be constantly 
collecting and analyzing new sen-
sor data from all assets to monitor 
their health. The operations of 
drilling rigs are too vast and con-
tain too many assets for a team of 

humans to keep up with.
The second is a lack of data science talent. Even if 

it were fi nancially feasible to hire the sheer number 
of data scientists that would be required to make this 
approach work, there simply aren’t enough data scien-
tists available to hire. The gap between the supply and 
demand for trained data scientists has grown too wide.

The third is model creation and maintenance. 
Predictive maintenance requires the creation of a 
model based on prior data, which can be used to 
predict asset health and operating states of a given 
asset. In traditional approaches, these models rely 
on pre-programmed rules and physics-based models, 
which take a great deal of time for data scientists to 
design and implement and perform poorly in predict-
ing edge cases that occur under extreme or unusual 
operating parameters. Furthermore, if a single vari-
able of the asset is changed, the model is instantly 
rendered useless.

Shea: Technology is rapidly chang-
ing how energy companies do 
business. Overall, companies need 
to embrace the benefi ts that technol-
ogy and digitalization can bring to 
their business or risk falling behind 
their competitors. Even though 
the price of oil is improving, the 
industry is still feeling the impact of 
cutting back on resources as a result 
of the downturn. There is still the 
challenge to do more with less. Com-

panies need to work more effi ciently, mitigate risk and be 
profi table. Information is a key corporate asset, and timely 
access to accurate information provides a strong competitive 
edge. There are many challenges associated with Big Data, 
including how it is captured, stored, shared and updated. 

It’s time for the energy industry to embrace the 
power of digitalization and technology as it relates to 
managing business-critical information. The benefi ts 
of a comprehensive Big Data strategy are signifi cant: 
greater access to important information that is cru-
cial in decision-making, the ability to extract valuable 
insights from those data, cost savings, streamlined pro-
cesses, risk mitigation and increased profi tability.

The brisk pace of mergers, acquisitions and divesti-
tures pose many challenges. According to Deloitte, more 
than $227.7 billion in deals are projected to take place in 
North America in 2018. With any deal comes data, which 
are key to maximizing a new asset as quickly as possible. 
Companies organize and manage their data differently—
some fi les may be physical, such as well fi les, while others 
are digital. In acquisitions, a company needs to be able 
to organize and integrate this information quickly, so it 
is easily accessible, accurate and up to date. 

From a practical perspective, data management needs 
to be considered from the pre-deal stage forward. It’s 
part of the asset being bought or sold, and how this 
transition and integration process happens should be 
part of the conversation throughout the negotiations 
and deal process. Time is money. If there is a clear, 
effi cient process for integrating new information, com-
panies will realize greater profi tability from a new asset 
sooner, while also minimizing risk to their organization.

Establishing consistent industry best practices for how 
information is managed throughout the deal process is 

Big Data insights     
Experts share their thoughts on the digital transformation underway in the oil and gas industry.

Philippe Herve

Jonathon Shea
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also key to success. Every deal is different, and how and 

when information is shared varies. Imagine if an energy 

company has an aggressive acquisition strategy and it 

deals with multiple collections that are a combination 

of physical and digital files that are all organized differ-

ently. It becomes a huge challenge to get the data orga-

nized and accessible to those who need it. 

The transition to a digital environment is the biggest 

challenge for energy companies. Moving away from phys-

ical files to a digital format is essential for companies to 

remain competitive, but it requires a shift in company cul-

ture (people love paper) and business processes. It’s not 

as simple as scanning documents. A company needs sys-

tems in place that will help it organize its information in 

a way that is accessible to employees and that ensures all 

the required documentation to meet regulatory require-

ments. This is a major undertaking that permeates all 

aspects of a company as it needs employees to be willing 

to change their behaviors, and it needs to be able to man-

age all documentation on a day-forward basis so that it is 

compliant with industry rules and regulations ongoing.

Companies who invest in a proper digitalization strat-

egy will see the benefits including a reduced physical 

footprint, greater efficiency, increased productivity and 

profitability, and reduced risk with information com-

pliance. Energy companies who have successfully gone 

through the transformation process incorporate best 

processes, such as automated document recognition, 

for organization and classification. They are willing to 

rethink their business processes and capture and share 

Big Data in different ways, such as cloud-based solutions. 

E&P: It’s been said that the energy industry uses just 
5% of the data it collects. What are the best strategies to 
extract and act on the value of the collected data? 

Herve: The fact is no strategy allows human operators to 

sift through and analyze these massive quantities of data. 

https://www.epmag.com/
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AI is a necessity to manage data and extract its value 

efficiently. An increasing number of companies are now 

employing AI to uncover new potential in their opera-

tions by analyzing new and historical data.

Not all data are equally valuable; the quality of an AI 

model’s insights are dependent on the quality of the 

data it is fed. High-quality data mean data with a con-

sistent level of time granularity, sensor resolution and 

reading accuracy. It also needs to be data in which one 

can reasonably expect to find a pattern.

Shea: Companies need to take advantage of the ana-

lytics that comes from Big Data. Energy companies 

deal with huge volumes of information, but unlocking 

the power of that information can lead to important 

insights that will direct business decisions. AI and auto-

mated document recognition can be utilized to capture 

additional metadata from previous digitalization or data 

capture projects. 

E&P: How can the oil and gas industry, known for being 

secretive, become more open with its data while also 

maintaining its competitiveness?

Herve: Again, this is where artificial intelligence comes 

in. Oil and gas companies have historically faced the 

challenging decision of whether to allow outsiders to 

see their sensitive data or keep it hidden and lose out 

on the valuable insights it contains. By integrating arti-

ficial intelligence solutions into operations, oil and gas 

operators can ensure a much higher level of data con-

fidentiality, since it is not humans that will be combing 

through their proprietary data, but machines.

Shea: An industry commitment to data management 

standards and guidelines will facilitate more transpar-

ency. There are standards in the oil and gas industry 

that have been successful, such as WITSML [wellsite 

information transfer standard markup language]. In 

relation to exchanging drilling data, we believe that a 

standard should exist for data management.

E&P: For companies just beginning to embrace digital 

transformation for its systems/services, what advice do 

you have in selecting the right collaborative partner? 

Herve: Selecting the right partner to work with on an AI 

implementation can be daunting, with so many compa-

nies claiming to sell “AI” products and services. Selecting 

a vendor means first vetting their AI credentials—does 

the company specialize in AI solutions, or is AI merely 

a tacked-on feature to preexisting products? The latter 

will never give the results or value of the former. It’s also 

important to work with a vendor that understands the 

importance of collaboration with all personnel within 

an oil and gas operation to ensure smooth implemen-

tation at all levels of the client’s organization. An exter-

nal machine learning company is not going to replace 

in-house data scientists but must understand how to aug-

ment tasks and seamlessly work with them.

Shea: Look for a partner with extensive experience and 

an in-depth understanding of the energy industry and 

its information requirements. Companies need a part-

ner with a wide range of solutions to optimize business 

processes and to organize, access and manage paper 

and electronic documents. Given the unique challenges 

of the industry and the strict compliance issues, a part-

ner that offers everything from filing and storage prod-

ucts to software, consulting and services is needed. Start 

by doing your research. The right partner will work 

closely with an energy company to develop a customized 

plan that will guide the organization through all the 

necessary steps and processes to successfully migrate to 

a digital environment. 

E&P: When it comes to people, how can a company best 

harness the knowledge of its older employees to train/

guide its younger employees? 

Herve: The problem many companies are facing is that 

they are rapidly losing experienced employees to the 

“Great Crew Change.” AI systems are crucial to help 

companies preserve the tribal knowledge of experi-

enced SMEs [subject matter experts] as they retire and 

pass that knowledge on to the younger generation. 

Those experienced employees are also still a critical 

resource for companies as they work to implement AI, 

and not just in passing their experience along into AI 

systems. Machine learning companies need people 

inside the client oil and gas company who understand 

the analytics at hand. A successful machine learning 

implementation depends on the collaboration between 

vendors who have experience with machine learning 

and internal data scientists who have intimate knowl-

edge of their own company’s operations.

Shea: Experienced employees have extensive knowledge 

about documents and data, and how it is used within 

a company. One of the best things that experienced 

employees can do is to champion and support the tran-

sition to a digital environment. Given the complexity 
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of this transition, a company needs employees who will 

embrace the move away from paper to digital informa-

tion. Digitalization must become part of a company’s 

culture as well as its processes to be truly successful. Expe-

rienced employees can help guide the transition from 

physical to digital data and can teach younger employees 

how data are used in various aspects of the business. 

E&P: How far along do you see the industry in five 

years on its digital transformation journey?

Herve: We are at a critical turning point for the oil and 

gas industry. After the recent string of downturns, oil 

and gas companies increasingly realize that they can-

not simply rely on traditional methods and hope that it 

will be enough. New strategies are necessary for oper-

ators that wish to remain competitive, and more and 

more companies realize this. That being the case, five 

years from now I believe the oil and gas industry will 

already look substantially different from today, as orga-

nizations integrate artificial intelligence, automated 

model building and predictive analytics into the core 

of their operations.

Shea: We are optimistic that more and more energy 

companies of all sizes are seeing the value of digitizing 

their information. The oil and gas industry is highly 

competitive and must adapt quickly to the fluctuating 

price of oil and changing market demands. Companies 

often mention that the state of their records (data) is a 

reflection of their organization and want to be seen as 

best in class, particularly when records are exposed 

during A&D [acquisitions and divestitures]. Having 

quick access to accurate information is essential to mak-

ing important business decisions. More and more com-

panies are recognizing this, and we think there will be a 

strong push across all energy companies to embrace dig-

italization in the next few years. 
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Andrew P. Bartlett, Petrotechnics 

C
orrosion is defined as “the degradation of mate-

rials reaction with its environment,” according to 

the National Association of Corrosion Engineers. Corro-

sion has been around since iron was first forged and its 

impact can be serious.

In Marsh’s “The 100 Largest Losses in the 

Hydrocarbon Industry 1974-2015,” it is very telling that 

“these largest losses did not result from so-called ‘black 

swan’ events but instead from the failure of prevention 

and mitigation measures to manage operational risks.” 

A U.K. HSE paper stated that while the potential risks 

of vessel ruptures can be greater than leaks in pipe-

work, 73% of corrosion failures occurred in pipework 

compared to less than 2% in vessels and tanks. Gaining 

access for inspection of lines to detect wall loss can be 

difficult, and not ensuring effective corrosion inspec-

tion and monitoring can have serious consequences.

A second study by Swiss Reinsurance Co. evaluated 45 

incidents over the last 15 years in the oil, gas and pet-

rochemical industry. In 52% of the incidents, mechan-

ical integrity failure due to corrosion was cited as the 

primary cause, and 27% were a result of the failure of 

operating practices or procedures. Secondary causes 

were again integrity failure due to corrosion at 42% 

and poor design and/or inadequate hazard identifi-

cation at 33%. While this does not address frequency, 

it evidences that the layers of protection or barriers to 

prevent major accident hazards are failing.

It is clear from these findings that better visibility 

of corrosion’s impact on asset integrity barriers would 

have been beneficial to all teams managing, maintain-

ing and operating the facilities involved. They would 

have better understood whether the risk was increasing 

or diminishing on the asset, where they needed to dig 

deeper to understand the nature and drivers of the 

risk, and where they needed to intervene, prioritize and 

even escalate.

The challenge every organization faces is how to 

relate the performance of their asset integrity and 

process safety systems in a meaningful way to the oper-

ational reality of the plant. Too often process safety 

leading indicators end up being focused on individual 

program health and do not provide a forward-looking 

view of how all operational risks come together where 

it matters most—at frontline operations. 

Process safety maintenance barriers 
Barrier-based process safety models are quickly becom-

ing the visualization tool of choice for the energy indus-

try. They provide the opportunity to allow everyone 

from the boardroom to the frontline to see and manage 

all operational risks across the enterprise consistently. 

They can relate the collective performance of process 

safety systems to the real cumulative risk impact on 

operations at any given point in time.

The process safety barrier model advocated by the 

oil and gas producers association lists eight barriers, 

according to the International Association of Oil and 

Gas Producers’ Report 544. 

Taking this model and applying it specifically to 

corrosion incidents, the accompanying table lists some 

deviations from performance standards, which would 

be found during routine mechanical integrity inspec-

tions. Such an inspection program is one of the risk 

control systems that must be in place to maintain the 

integrity of equipment and the health of the process 

safety maintenance (PSM) barriers.

Learning lessons from  
corrosion incidents     
Providing risk visibility through an effective process safety program increases efficiencies.

(Source: Petrotechnics)

FUNDAMENTAL BARRIER DEVIATION EXAMPLE

1. Structural integrity
Vessel support  
legs corrosion

2. Process containment
Piping and vessel  
corrosion

3. Ignition control
Electrical junction boxes 
and conduit systems

4. Detection system
Corrosion on  
sensor heads

5. Protection systems,  
including deluge and 
firewater systems

Corrosion on  
sprinkler systems

6. Shutdown systems Corrosion on valve shafts

7. Emergency response
Escape/rescue ladders 
corroded rungs

8. Life-saving equipment
Life ring supports  
corroded

https://www.epmag.com/
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Many operators have undertaken major accident haz-

ard studies to help define the safety and environmentally 

critical elements (SECE) and identify the associated crit-

ical equipment on their facilities. Performance standards 

associated with each SECE also are defined, which allows 

operators to design their risk control systems to provide 

assurance that equipment performance is met through 

adequate inspection, testing and maintenance.

Tough times
Pressure is mounting for plant operators to improve 

productivity, manage costs and reduce risk simultane-

ously. The pressure to cut costs can result in increased 

repair and maintenance backlogs, unplanned shutdown 

frequency rising and declining production efficiency. 

What is required is the ability to give corrosion-related 

risks clear visibility on a process safety barrier model, 

allowing everyone to see and manage all operational 

risks across the enterprise consistently.

Providing risk visibility
Who knows what corrosion items are hidden in the inspec-

tion/asset integrity department database? Yes, reports and 

risk assessments are available, and hopefully, mitigation 

measures are in place to manage operational risks from 

corrosion. However, what is the best practice for operators 

to make risk mitigation arising from PSM systems an inte-

gral part of efficient and effective operations?

If operators map the cumulative effect of deviations 

arising from all risk control systems, including those in 

place to monitor and manage corrosion, they will be 

able to see how the deviations are coming together to 

form major accident hazard pathways through the barri-

ers. This provides the opportunity to proactively identify 

and prioritize corrective action from a major accident 

hazard management viewpoint. 

Therefore, PSM can become an operational driver 

rather than just a compliance obligation. Understanding 

and managing the specific and cumulative risk impact 

of the deviations or nonconformances due to corrosion 

with the performance standards of a PSM system in the 

context of daily operations is the key. 

Damage mechanisms 
If a company is going to monitor damage mechanisms in 

real time as part of a robust process safety strategy, it should 

start by identifying what these are likely to be and what can 

occur while performing the initial process hazard analysis. 

More than 80% of process hazard analyses performed 

do not comply with the current interpretations by the U.S. 

Occupational Safety and Health Administration, much 

less industry best practices. Most process hazard analyses 

address less than 10% of the hazards during startup, shut-

down and online maintenance, and less than about 30% 

address damage mechanisms such as corrosion, erosion, 

external impacts, external stresses and vibration.

By connecting these damage mechanisms to a real-

time barrier model, a company can better connect PSM 

to the operational reality of the asset.

Companies recognize the need to invest in asset integrity 

management systems, purchase of software, training of 

inspectors and filing systems to gather data on corrosion. 

Eventually, corrosion is observed and measured. The results 

of the survey entered in the asset management software are 

sent to the asset owner, the budget is applied for and work 

gets done before it reaches criticality. However, there is a 

missing link. How does the business know which issues are 

high risk and need immediate prioritization?

Emerging technology platforms can provide a new view 

of operational risk. There is technology that can give a 

facility risk and safety status in real time, alerting an oper-

ator when risk levels rise. Technology that assures asset 

integrity is sustained by a safety critical element monitor-

ing in real time with repeatability. With better visibility of 

corrosion’s impact on the fundamental asset integrity 

barriers and the operational reality of the asset, everyone 

can make better-informed decisions that reduce risk, 

reduce costs and improve productivity. 

References available. 

With better visibility of corrosion’s impact on the fundamental asset integrity barriers and the operational reality of the asset,  

operators can make better-informed decisions. (Source: Petrotechnics) 
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Joseph Zaccaria, Rockwell Automation 

M
aximum asset availability with minimal risk has 

long been the goal for oil and gas operations. 

However, achieving it has historically been more of an 

art than a science for many companies because they 

lacked a crucial component: insight into equipment 

performance metrics.

A shortage of operations and performance data is no 

longer the issue. Many operators are collecting an abun-

dance of data as they create a digital oil field. Oil and gas 

producers are eager to take it to the next level and use 

data from their equipment, devices and systems as part 

of reliability-centered maintenance (RCM) programs to 

identify and programmatically and methodically address 

failures before they occur. 

However, an RCM strategy isn’t simply about collecting 

data. Operators need to make sure they get the right data 

from the right sources. Moreover, they need to consis-

tently monitor and perform analysis to create a contin-

uous improvement approach to reliability maintenance. 

This approach will help workers track health and perfor-

mance of systems and equipment, identify and address 

failures before they occur, reduce operational risks and 

ultimately achieve the desired business results. 

The journey to proactive and predictive maintenance 

can be a bumpy road, especially when there are hundreds 

of thousands of devices in the field. Other challenges, 

like an aging workforce, security risks and decades-old 

equipment, only complicate matters further. 

There are ways to simplify the effort. An effective, 

data-driven RCM strategy can help operators maximize 

equipment performance, minimize downtime and 

reduce safety, security and environmental risks.

Understand the installed base
Operations grow and evolve. As a result, there might 

not be a complete picture of all the devices and assets 

deployed across a company’s operations. That is why an 

analysis of installed equipment and systems is a critical 

first step. The output of this analysis is an inventory of 

all the operator’s equipment assets and devices, main-

tenance practices and failure modes. An evaluation of 

the installed base will identify what specific technolo-

gies are in place and identify the status of each of these 

technologies as current, legacy or obsolete. In addition, 

it can help determine the condition of critical assets 

and devices. 

It is important to remember that analyzing the installed 

base can take several months to complete, especially 

when equipment spans multiple oilfield sites and fields. 

Support providers, like Rockwell Automation, have 

deep industry expertise and can complete an analy-

sis across multiple sites in mere weeks.

Get the right data
The identification of equipment failures and com-

mon failure modes from existing work order data is 

a key outcome of the installed-base analysis. It gets 

to the heart of the RCM strategy: learning from 

past failures to help predict future failures. Com-

bined with ongoing condition-based monitoring of 

assets, the strategy will allow for proactively address-

ing failing assets rather than reactively responding 

to failures.

The proliferation of Industrial Internet of 

Things devices in oil and gas, from sensors to smart 

machines, allows users to automate data collection 

from virtually any point in their process. A unified 

Drive out downtime with data      
A reliability-centered maintenance strategy built on asset data can help producers get 

ahead of failures, improve reliability and reduce risks.

The move to proactive maintenance helped one major oil and gas company 

yield more barrels of oil per day and lower labor costs in the field.  

(Source: Rockwell Automation)
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network architecture, built on technology like EtherNet/IP, can help avoid 

“islands” of information. Moreover, it can give workers real-time access to that 

information from anywhere at any time. Finally, analytics software can combine 

real-time performance data and historical maintenance data into useful, contex-

tualized information for workers.

Many technologies and services are available to help manage information 

and support onsite staff. Service providers, such as Rockwell Automation, 

offer ways to automate data collection processes to collect identity and 

health data from networked devices. Data are then modeled with asset- 

management information to trigger events and send alerts for proactive 

maintenance. Remote monitoring services also can watch dispersed assets 

from a central location, alert personnel of issues as they happen and even 

walk them through solutions.

Tackle top challenges
With failure-mode findings in hand, real-time production information accessi-

ble and industry experts from a third-party service provider available, building 

an RCM strategy can be simple. 

The first step is to identify priority equipment and systems to monitor and 

examine performance. Installed-base analysis findings will help pinpoint 

which assets are most critical. The second step is to build improvement plans 

into the road map. A successful RCM program will determine which failure 

modes and conditions to monitor and then identify what oil and gas analytics 

are applied to each asset. An outline is developed of the actions that workers 

will need to take to correct issues before they lead to failures. 

Proactive approaches already in use
One major oil and gas company’s business unit needed to centralize informa-

tion gathering and monitor its control assets across rural California. It also 

needed a master inventory of all devices on its oilfield process control network 

to comply with a new, companywide cybersecurity policy. 

The business unit chose a diagnostic reliability solution from Rockwell 

Automation. The software-as-a-service technology identifies, interrogates and 

monitors control hardware. The managed service team also reports on network 

anomalies to help manage security risks.

The move to proactive maintenance has helped the business unit yield more 

barrels of oil per day and lower its labor costs in the field. The solution also 

helped the business unit comply with the company’s cybersecurity policies.

Through integrated, automated device identification and tracking, com-

panies using the diagnostic reliability service can realize approximately 70% 

reduction in manual data collection time.

A smarter maintenance strategy
Most failure modes in oil and gas operations are reoccurring. However, even the 

most disciplined calendar-based preventative maintenance programs will not 

perfectly resolve these issues. Unexpected downtime can still occur. Traditional 

time-based maintenance typically creates additional costs and work and does not 

necessarily identify the root cause of the failure mode. Service providers can help 

implement an RCM strategy to provide an understanding of the health and per-

formance of an operation and assets, so the team can focus on production issues 

that improve performance rather than reacting to unplanned events. 
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T
he earliest U.S. shale-gas plays (the Barnett, Haynes-
ville and Fayetteville) paid a hefty price for being first 

to prove that, yes, wells can be completed in shale. 
Producers in shale basins rich in natural gas led the 

way in developing the effective one-two punch of hor-
izontal drilling plus multi-stage fracturing. Yet their 
success ultimately brought too much gas to market too 
fast -- and overwhelmed demand. Activity in the early 
plays nearly ground to a halt as drillers focused on the 
prolific “Beast in the East” – the Marcellus.

Fast forward a decade (and many miles of pipeline 
later) and the demand-challenged Haynesville has 
become prime leasehold again. The first-ever DUG 

Haynesville conference and exhibition demonstrated 
how much renewed interest – and investment – was 
accumulating in February 2018 when a near-capacity 
crowd jammed the Shreveport’s convention center, the 
largest venue in the Ark-La-Tex region.

Now, against a background of stronger natural gas pric-
ing, increased LNG export capacity and a world full of 
end-users growing accustomed to the U.S. as a natural gas 
exporter, the DUG Haynesville conference is poised for a 
repeat performance February 19-20, 2019 in Shreveport.

Location, location, location – plus timing
Today Haynesville shale producers enjoy two economic 
advantages. First, their assets are closer than most to 
the massive petrochemical complex and growing LNG 
export terminals along the Gulf Coast. Second, resource 
development strategies and methods have become 
much more capital-efficient. 

Drilling and completion technologies and logistics 
advanced as shale explorers moved rigs to oilier targets 
in the west, then worked to survive sub-$40 oil and sub-
$2.50 gas. A lot of “science drilling” and “enhanced 
completions” along the way ushered in an era of smarter 
tools, greater engineering efficiencies and new sources 
for frac sand – all of which help contain F&D expenses.

These sorts of topics are addressed on-stage and across 
the exhibit floor by seasoned leaders, from producers, mid-
stream operators and analysts to technology providers, at 
the DUG Haynesville conference. Full-conference attendees 
get unparalleled access to presenters in lively Q&A sessions 

Bright Spot for Shale Resources
SPONSORED CONTENT

BY HART ENERGY CONFERENCES

DUG Haynesville conference tracks business opportunities

On stage at the inaugural DUG Haynesville conference in 2018, Nissa 

Darbonne (left), editor-at-large for Hart Energy’s Oil and Gas Investor 

media platform, interviewed John Howie, senior VP - upstream for 

Tellurian Inc.  Howie returns to the 2019 DUG Haynesville conference 

and exhibition February 19-20 in Shreveport.
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while individuals employed by E&P companies, pipeline 

operators, refineries and utilities always get complimentary 

access to technology displays on the exhibit floor.

Hear from the primary producers
Tim Beard, Chesapeake Energy’s vice president for Haynes-

ville and Rockies, told the 2018 audience, “The Haynesville 

was trying to find its way... and then it came roaring back 

when it found its thing and its thing is longer laterals, big-

ger completions and producing wells appropriately.”  His 

firsthand experience in the play offered the sorts of insights 

DUG conference attendees come to hear.

This year’s attendees can look forward to comparable 

high-quality content. The roster of Haynesville produc-

ers is a compact list – and Hart Energy editors work for 

months to recruit executives and experts with the sort 

of in-depth regional expertise for which DUG confer-

ences are known.

For updated information about speakers and to 

view the full conference agenda, please visit 

HartEnergyConferences.com and click on DUG 

Haynesville in the “Events by Date” tab. 

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

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

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

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

DUGHaynesville.com

Hundreds of petroleum industry professionals focused on activity in the Haynesville shale will converge February 19-20 at the Shreveport 

Convention Center for the second annual DUG Haynesville conference and exhibition. Beyond topical presentations in the main session 

room, there will be plenty of active networking on the exhibition floor during breaks throughout the day as well as before and after  

scheduled sessions.

Charles Goodson, president and CEO of PetroQuest Energy, Inc. 

was just one of the producers speaking at the inaugural DUG 

Haynesville conference in 2018.  A speaker slate featuring an 

array of public and private producers is one of the hallmarks of 

Hart Energy’s DUG conferences. 

“One of the best and most relevant examples of how DUG 
Haynesville can make a difference with people across the play” 
— Christian Walters, VP Land & Business Development, New Century Exploration Inc.

Producers and midstream operators 

committed to speak (as of Nov. 30)

John Howie, Senior VP – Upstream, Tellurian Inc.

Craig Jarchow, President & CEO, Castleton Resources, LLC

Todd Nelson, Director, Marketing & Business Dev’t,  

Enable Midstream Partners LP

Alan Smith, President & CEO, Rockcliff Energy LLC

Rob Turnham, President & COO, Goodrich Petroleum Corp.

Frank Tsuru, President & CEO, Indigo Resources Inc. and 

CEO, Momentum Midstream LLC
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Oilfi eld service companies are providing a multitude 

of diverse tools and systems to help operators solve 

the latest well completions challenges. (Source: Jason 

Hallmark/Hallmark Photos/Liberty Oilfi eld Services) 
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Brian Walzel, Associate Editor, Production Technologies

T
he saying “good enough is the enemy of perfection” 

is meant to convey the idea of never settling for good 

enough. The North American hydraulic fracturing 

industry represents the epitome of that dynamic, not 

being merely satisfi ed with being the catalyst behind one 

of the greatest oil production booms the world has ever 

seen. The driving mindset in the industry is that there is 

more to be had: more oil, more gas and at less cost.

Operators and service companies are looking closer 

at the details of every well completed, every fracture 

job and every fracture stage. They are fi nding more 

effi ciencies and that more production can be gained 

through, for example, ensuring each fracture pro-

duces the most hydrocarbons, and by getting the right 

amount of fl uids to the right places in the wellbore at 

the right time. 

However, these operational effi ciencies and the desire 

to drain a reservoir as completely as possible are bring-

ing new problems, chiefl y among them fracture hits. 

The search for answers to these challenges is leading 

companies to discover many systems offer operational 

fl exibility—they can solve more than one problem. 

Diverters, for instance, can push fl uid into a specifi c 

fracture while simultaneously helping avoid interfer-

ence with another well.

In another example, a Woodford operator applied 

Reveal Energy Services’ pressure-based fracture maps 

to achieve a better understanding of fracture sequence, 

which improved fracture coverage of the upper hori-

zon. A second operator working in the Bakken was able 

to understand the effect of a parent well on fracture 

growth of neighboring child wells. According to Reveal 

Energy Services, the operator minimized the parent 

well/child well interference and maximized production. 

In addition, a Permian Basin operator applied the pres-

sure-based fracture maps to optimize downspacing.

“Understanding how each parameter affects the 

fracture growth allows operators to fi ne-tune the com-

pletion design and the treatment schedule to maximize 

production from every well while minimizing overall 

completion costs,” said Sudhendu Kashikar, CEO of 

Reveal Energy Services.

Fracture fl uids

As fracture jobs become more sophisticated and custom-

ized, so too are the needs and uses for fracture fl uids. 

Operators looking to place high amounts of proppant 

into specifi c fractures are turning to specialized fl uids 

and friction reducers.

Chad Leier, vice president of sales and marketing at 

Calfrac Well Services, explained how the most widely used 

fl uid systems are water-based, and in most cases, simple 

friction-reduced water is most effective for a fracture job. 

HYDRAULICHYDRAULICHYDRAULIC
FRACTURING

Locking in effi ciencies
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“As a result, the largest focus in our business right 

now is the utilization of produced or flowback water,” 

Leier said. “In certain regions, it is not always viable 

to reuse water. In other areas, it might be harder to 

obtain freshwater.”

Calfrac Well Services has been offering several fluid 

technologies that help operators overcome proppant 

placement issues, said Mark Ellingson, vice president of 

sales and marketing, U.S. Division. 

“One of the best examples of this is CalVisc, our 

high-viscosity slickwater system,” Ellingson said. 

“CalVisc’s properties allow for the generation of viscos-

ity through a simple increase in additive loading. We 

took what was already one of the most robust friction 

reducers available in the market (in that it works with 

varying water qualities and bottomhole temperatures) 

and enhanced the properties.”

BJ Services’ fracturing product line director, Carla 

Lewis, explained how the company’s ThinFrac MP friction 

reducer is designed for enhanced proppant transport. 

“Conventional slickwater treatments do not always 

carry proppant effectively into the fracture network,” 

she said. “In response, BJ engineered a multipurpose 

friction reducer that offers better proppant carrying 

capacity and can produce excellent friction reduction 

without damaging the formation.” 

Lewis said that is achieved through the versatility of 

the technology.

“Tunable technology lets you adjust the fluid proper-

ties in real time,” she said. “ThinFrac MP is versatile and 

provides greater flexibility for rapid design changes. It 

can be used at low concentrations for slickwater appli-

cations and at high concentrations as a nondamaging 

guar alternative to linear and even crosslinked gels. It 

Calfrac Well Services applies its CalVisc high-viscosity slickwater system at a multiwell pad hydraulic fracturing operation in the 

Duvernay Basin. (Source: Calfrac Well Services)
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can also reduce NPT [nonproductive time] due to shut-

downs and screenouts related to irregular well condi-

tions by adjusting the concentration on the fly.”  

Lewis said that although high-viscosity friction reduc-

ers are an emerging technology in unconventionals, 

they tend to perform poorly with produced water.

 “Using produced water can be challenging because 

the water quality could be inconsistent even in the same 

job. Therefore, determining chemistry compatibility can 

be difficult,” she said.

To address such an issue, Lewis said BJ Services is 

designing friction reducers that can be used in multiple 

water sources, including produced waters with total dis-

solved solids up to 300,000 ppm.   

“Predictable, effective performance in varying pro-

duced water qualities minimizes fluid design changes 

and the need to carry different products in a job and 

allows the operator to use more produced water saving 

freshwater and disposal costs,” she said.

Evaluating diverter technology
The essential goal for every fracturing job is to get the 

most out of each stage and each cluster. Finding the 

right fracturing recipe can help achieve even flow dis-

tribution and cluster efficiency, both of which can help 

contribute to increased production.

“You want to ensure that you’re engaging the dif-

ferent clusters within a stage effectively and trying 

to get even flow across those clusters,” said Scott 

Gale, senior strategic business manager, production 

enhancement at Halliburton. “Customers are willing 

to pay for outcomes that impact cluster efficiency. For 

example, some of those types of products have been 

diverters. There’s been a lot of activity around using 

diverters in the industry. You want to have as many 

holes open as possible. You want to engage as much 

of the rock as possible.”

Terry Palisch, global engineering adviser at CARBO, 

said that over the years the oil and gas industry has 

realized that, in most cases where it has been measured, 

only 30% to 60% of the perforation clusters in a well-

bore are providing measurable production. 

“The goal of diverters has been to increase this 

effectiveness,” Palisch said. “In addition, some opera-

tors have been experimenting with performing longer 

stages, but with more clusters in order to save money.”

Palisch provided an example of a current completion 

design containing five clusters in a 60-m (200-ft) stage 

with 16-m (50-ft) spacing.  The operator could reduce 

the number of stages in half by increasing the spacing 

to 120-m (400-ft) and doubling the number of perfora-

tion clusters to 10, he said.

 “The problem is that without some sort of diversion, 

it will be extremely difficult to effectively stimulate this 

many clusters,” he said. “But by using diverter technol-

ogy, they can spread the stimulation out across all or 

most of the clusters. The latter is still very much a work 

in progress for the industry.”

Nick Koster, director of engineering design for 

DiverterPlus, said diverter technologies have signifi-

cantly improved in recent years to a point where some 

of the initial objections, such as inconsistencies in 

exactly how much diverter to actually use and prob-

lems with the diverter degrading in certain tempera-

tures and chemistries, have been resolved to a point 

where operators are more comfortable using them.

CARBOBALLS are biodegradable ball sealers that provide a positive diversion of an individual perforation. (Source: CARBO)
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“Even though the activity has slowed down, in the 

Bakken [diverters] have been generally embraced from 

the start,” he said. “That’s because a couple of flag-

ship operators have really seen the benefit of diverter 

technology. And then there are areas like the Permian 

where more and more people are starting to use divert-

ers as they’ve seen operators have great success. And 

the ones that in the past might have had a bad expe-

rience are starting to come back and say, ‘You know, 

maybe there is something to this diverter.’”

Koster said diverters can help increase cluster effi-

ciency by making sure the equivalent amount of fluid 

is traveling into every cluster by intentionally “shutting 

off” certain clusters when they have reached their target 

amount of fluid in proppant.

Parsley Energy recently evaluated the use of diverter 

technology in its Wolfcamp Shale play. The process and 

its results were documented by Parsley Energy’s Jennifer 

Harpel in the Society of Petroleum Engineer (SPE) paper, 

“Improving the Effectiveness of Diverters in Hydraulic 

Fracturing of the Wolfcamp Shale.” Among the goals of 

the project were to reduce overall completion time and 

associated costs and to test the effectiveness of engineered 

diversion in improving cluster efficiency.

Harpel looked to determine if the applied diverter was 

able to stop fluid injection into a dominant cluster and 

force fluid into other clusters where more of the reser-

voir could be contacted, which therefore, and ideally, 

would increase production. Additionally, if a stage could 

be effectively pumped with diversion without having to 

slow pump rates and the number of wireline runs could 

be reduced, she examined if it would be possible to save 

time on wireline and fracturing operations.

For the study, pads were selected where at least two wells 

were completed in the same producing zone and that had 

no direct offset wells that might have caused depletion in 

one of the test wells, according to Harpel. Well A-1 was 

stimulated with a typical completion design for the pad 

and well A-2 was stimulated using an engineered diversion. 

Meanwhile, both wells in the second pad, or B wells, were 

stimulated using an engineered diversion. An offset well 

was drilled and completed with a standard nondiversion 

design and was used as a direct comparison for production 

and operational efficiency analysis.

“After the learnings made on well A-2, the subsequent 

B wells had an overall reduction in completion and 

mill-out time of 10% versus the direct offsets,” Harpel 

wrote. “Thus, this methodology can be used to signifi-

cantly reduce completion time.”

Regarding the effects of total costs, she found the meth-

odology resulted initially in slightly increased costs, but 

learnings on the initial stimulated wells were applied to the 

B well, which resulted in a reduction in completion times.

The study reported that production results on the 

A-1 and A-2 wells showed a “slight improvement” when 

compared to the offset well’s production rate. 

“Treatment pressures in the target wells show that 

almost 85% of diverter drops had positive indications of 

effective diversion into new rock, which is significantly 

better than the 50% to 60% effectiveness reported in 

other literature,” Harpel reported. “Based on this analy-

sis, the engineered diversion design had a positive effect 

in achieving the primary goals of this project.”

Service companies offering diverting agents have 

subsequently designed their technologies to address 

the challenge of achieving better cluster efficiency and 

enhanced production. 

Additionally, simply determining the diverter effec-

tiveness has proven costly and elusive.

For example, CARBO offers CARBOBALLS, biode-

gradable ball sealers that provide a positive diversion of 

individual perforation as well as DIVERTAPROP, a par-

ticulate diverter that combines a biodegradable binding 

agent with multiple sizes of ceramic proppant.

Palisch said CARBOBALLS are tailored to the specific 

temperature of the well and are designed to divert the 

fracture and then quickly dissolve to allow production 

to commence. DIVERTAPROP allows the diversion of 

fractures (rather than perforations) during the fractur-

ing treatment, he said. After the binding agent in the 

EVALUATING DIVERTER EFFECTIVENESS

This chart depicts the evaluation of three diversion designs  

compared with a baseline design. Diversion designs 1 and 2 show 

minimal improvement in fracture half-length compared with the 

baseline design. Design 3 shows a significant improvement in  

diversion and cluster efficiency, as shown by a reduction in fracture 

half-length. (Source: Reveal Energy Services)
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diverter agent dissolves, the fractures are left with prop-

pant to provide near-wellbore conductivity.

Meanwhile, Reveal Energy Services’ pressure-based 

fracture maps of half-length, height, asymmetry and azi-

muth, which also show how fast those dimensions grow, 

can also evaluate diversion effectiveness.

“This fracture geometry understanding confirms 

whether a specific diversion design is fully stimulating 

each stage, enhancing cluster efficiency and improv-

ing fluid distribution across the stage,” Kashikar said. 

“This knowledge of diverter effectiveness leads to a new 

understanding of the diversion process and enables 

near-real-time optimization where the results of a 

diverter stage are used to adjust the diversion design 

for the following stages.”

Kashikar explained that a typical diversion design 

includes four key parameters: diverter material, the 

quantity of the diverter material per drop, the num-

ber of diverter drops per stage and timing of the 

diverter drop. 

“The proper combination of all four parameters is 

required for effective diversion,” he said. “The legacy 

diagnostic techniques have been insufficient to permit 

rigorous testing of these parameters to find an opti-

mized diversion design.”

The company’s DiverterSCAN technology can be 

applied in near-real time for feedback of diversion 

design effectiveness, Kashikar said. The system allows 

multiple diversion designs to be tested and evaluated 

quickly, resulting in finding and confirming the opti-

mized design before all stages have been fractured. 

“Operators are making decisions in near-real time to 

adjust one or more diversion design parameters for the 

maximum value at the lowest cost,” he said.

Solving the fracture hit challenge
With the advent of extended laterals combined with 

multiwell pad development, operators often work to 

ensure their infill wells perform as well or better than 

the existing parent wells, taking lessons learned from 
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lease-holding parent wells and applying them to infill, or 

child, wells.  

As a result, the industry is facing its latest challenge to 

maximizing a well’s production—fracture hits.

In his SPE paper, “Frac Hit Induced Production 

Losses: Evaluating Root Causes, Damage Location, 

Possible Prevention Methods and Success of Remedial  

Treatments,” George King, former Apache Corp. 

adviser and lead author of the paper, defined frac-

ture hits as a “fracture-initiated well-to-well commu-

nication event that can create production losses (or 

gains), and on occasion, mechanical damage when 

frac energy from a stimulated well extends into the 

drainage area or directly contacts an adjacent or off-

set well.”

“If you look at the child/parent well interference, 

recent published literature indicates a drop in parent 

well production by 60%,” said Ajay Kshatriya, CEO 

of Biota Technology. “At that level of economic loss, 

you’re looking at millions of dollars per section if you 

don’t get control over frac hits.”

King identified some potential factors as causes for 

fracture hits such as in situ stress alteration potential, 

the timing of fracture closers, near-wellbore proppant 

loss, liquid loading, rock-fluid interactions, sludges and 

wetting factors. 

“There also may be a connection with low-viscosity 

fluid, high frac pump rates and quick application of injec-

tion rate and pressures that tend to produce long-reach-

ing planar fractures, especially in formations with pre-

dominantly closed natural fractures,” King noted.

Kshatriya said there are several potential techniques 

to reduce the number of frac hits a well might be 

experiencing, including how adjacent wells are pres-

surized and minimizing palpitation patterns of known 

stresses. He said well spacing and the timing and 

sequencing of fractures across paths should be ana-

lyzed to possibly avoid well interference.

Liberty Oilfield Services identifies effective well distances and coverage through fracture modeling with microseismic fracture  

mapping. (Source: Liberty Oilfield Services)
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“One of the key questions to clarify the issue of frac 

hits is understanding the root cause of the interfer-

ence,” Kshatriya said. “Producers can focus on two dif-

ferent issues: There’s the pressure response, and then 

there’s fluid communication. You might, for example, 

have a pressure response from a child-to-parent well, 

but there may not be fluid from the child well flowing 

into the parent well. Our customers can measure pres-

sure response with gauges, but fluid communication is 

more challenging.”

Kshatriya said Biota recently published work with EP 

Energy in a case in which the operator was experienc-

ing fracture hits and was able to isolate the occurrences 

to a set of wells but could not determine which of the 

wells was causing the interference.

“By deploying our production surveillance offering, 

we could analyze the DNA signature of the parent 

well before and after the frac hit,” he said. “And by 

monitoring the pad of child wells in conjunction with 

this baseline, we can determine if fluid communica-

tion occurred and which well was driving the produc-

tion interference.”

To help their customers avoid fracture hits, Liberty 

Oilfield Services identifies effective well distances and 

coverage through fracture modeling calibrated with 

microseismic fracture mapping, said Leen Weijers, vice 

president of engineering for Liberty.

“We put fracture growth modeling in tandem with 

reservoir modeling where we can see interaction 

between wells on the production side, so you can 

get a better idea of how you can properly cover that 

space between wells,” he said. “Of course, you can 

go to a diverter strategy where you are trying to do 

a better job in diverting fluid flow between different 

perf clusters. It’s quite a big problem. We are trying 

to address it.”

King explained in his paper that what makes 

predicting fracture hits so difficult is that the qual-

itative differences in basins—such as mineralogy, 

flow paths, natural fracture swarms and modified 
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stresses—have so far not been well described by accu-

rate reservoir modeling. 

Occasionally wells experiencing fracture hits might 

see an increase in production, but the production 

changes are often “overwhelmingly negative” in some 

basins, and in some cases, they could lead to physical 

damage of well equipment, King noted.

“Physical damage to the well equipment might be 

controlled in some cases by pressurizing the wellbore, 

allowing the well to build up pressure, or by incorpora-

tion of pressure controlling devices in the well comple-

tion,” he noted. “Increasing distance between wells or 

use of offset perforations to minimize fracture pressure 

communication have also shown successful application 

in some areas.”

Reveal Energy Services is commercializing a service to 

monitor and quantify the severity and type of frac hits 

in real time. 

The service is based on measuring pressure in one or 

more offset wells as a child well is fractured, Kashikar 

said. He explained that the pressure response recorded 

in each of the monitor wells is classified into one of 

four categories. The first is a direct frac hit, which 

entails the transfer of fluids and pressure from the child 

well to a parent well. The second is a diffusive response, 

in which the increase in wellbore pressure in the parent 

well is primarily caused by the diffusion of fluid in the 

interwell space. Kashikar said this could be a result of a 

fracture connecting into a system of natural or induced 

fractures, but no fluid transfer occurs between the child 

well and the parent well.

The third is a poroelastic response, in which the pres-

sure change in the parent well is caused primarily by 

the stress changes in the rock matrix, which are caused 

by newly created fractures in the child well. And the last 

is no pressure response at all. 
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Calfrac Well Services provides slickwater systems for fresh and high total dissolved solids brine applications in a variety of plays,  

including the Marcellus Shale. (Source: Calfrac Well Services)
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“This analysis allows operators to understand if the frac 

hit could be detrimental to the parent well production 

and take appropriate corrective action,” Kashikar said.

Pressure pumping
Similar to nearly every other component of a fracturing 

job, recent trends in pressure pumping have focused on 

more efficiency and more horsepower. Today’s multi-

well pad completion designs featuring longer laterals, 

more stages and operators’ desires to shorten the time 

to production and avoiding unplanned downtime are 

driving the need for efficiency.  

“Lateral lengths, flow rates and treating pressures all 

contribute to increasing completions intensity,” said BJ 

Services’ Lewis. “The expectation is that pumps must 

operate harder for longer times without downtime.” 

Lewis explained how, with that goal in mind, BJ Services 

redesigned the company’s blender with proprietary fea-

tures to enable high-rate pumping while reducing down-

time. She said the company’s first re-engineered blender 

pumped more 330 MMlb of sand in a little more than 

eight months with no instances of unplanned downtime.

“The BJ engineering team has redesigned our equip-

ment by measuring how each individual component 

impacts the entire system to address potential prema-

ture failures before they occur in the field,” she said. 

“They are optimizing components, such as manifolds, 

discharge pumps, valves, fluid ends and more in order 

to extend the life of the components and improve the 

overall reliability of the system.”  

Moreover, BJ Services has fit-for-purpose equipment 

especially designed to operate under specific condi-

tions. For example, to meet the requirements of higher 

pressure environments, BJ Services’ Gorilla high-pres-

sure pump provides up to 2,700 hhp at pressures up 

to 20,000 psi, Lewis said.

Liberty’s Weijers explained how more hydraulic 

fracturing jobs need more horsepower and, subse-

quently, more divergent power to distribute the frac-

ture system successfully across an entire lateral section 

or subsection of the lateral. Similar to what the indus-

try is learning about proppant quantities—that there 

might be a limit to how much is economically feasible 

to pump—so too might those lessons apply to stage 

spacing, Weijers said.

“The industry has gone from an average of 55 barrels 

per minute to about 77 barrels per minute for maxi-

mum reported rate per well in just a five-year period,” 

he said. “I don’t see an end to that yet. But what I do 

see an end to is how small our stages are becoming 

with respect to their lateral footage. Some operators 

are now increasing the foot per stage metric as they have 

become better in diverting fluid and proppant across each 

lateral section.”

Like nearly all sectors of the upstream oil and 

gas industry, hydraulic fracturing is rapidly moving 

into automation and digitalization. In August 2018, 

Halliburton unveiled its Prodigi Intelligent Fracturing 

platform, which envisions completely automated 

fracturing operations. Halliburton’s Gale said that 

through the fall of 2018, the first commercial itera-

tion (Prodigi AB) had been run on more than 1,100 

stages in all major U.S. basins.

“Prodigi AB is delivering rates automatically during 

those initial pumping conditions to better achieve even 

flow distribution across the interval,” Gale said. “And 

we think that if we do that in the right way that you’re 

going to dramatically increase the likelihood of having 

even flow distribution through the remainder of the job. 

So Prodigi AB gets you up to the targeted treatment rate 

automatically. Then from there, we hand the controls 

back over to the pump operator to finish up the job.”

Among the benefits to the Prodigi AB service that he 

cited were lower overall treating pressures and more 

quickly achieving the fracture treatment rate. 

“A lot of the things the industry has accepted is that 

you chase rate and get to pressure as quick as possible, 

and it’s just all about hitting the reservoir as hard as you 

can and just powering through,” Gale said. “And that’s 

been effective, but it comes with collateral issues. One of 

the reasons for automating a frac job is that you can 

achieve engineered outcomes more consistently, more 

effectively and more reliably.” 

References available.
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The BJ Services’ blender has been redesigned to handle the demands 

for longer laterals, higher volumes, less maintenance and support more 

advanced health and safety requirements. (Source: BJ Services)
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W
ith hundreds of thousands of well stages com-

pleted every year using the plug-and-perf (PNP) 

technique, it is the No. 1 stimulation process used in 

unconventional reservoirs. The inherent need for plug 

removal in a PNP operation has fueled the evolution 

of these devices to incorporate features 

to facilitate such removal. Early fracture 

plugs were made from metal and featured 

solid mandrels, making them extremely 

robust. As wells became longer and stage 

count higher, plug millout proved to 

be challenging. Under such conditions, 

returns do not easily reach the surface, 

and fluid is often lost into the recently 

created fractures. Debris from the plugs 

removed can accumulate in the horizontal 

section, posing a risk of getting the coiled 

tubing (CT) stuck during the operation.

As the industry demand for milling effi-

ciency increased, plugs evolved to use softer 

materials. Plug mandrels moved toward 

composites and, similarly, slips moved to 

cast veneers and then to the various but-

ton materials currently in use. The latest 

efficiency improvement efforts focus on 

plug architecture, transitioning from top-

set designs to bottom-set designs. These 

designs eliminate the internal plug man-

drel, which reduces the volume of material 

to mill and cleanout of the well. Combining 

this efficient design with advanced materials 

enabled the creation of the FracXion Micro 

fully composite fracture plug: short, strong 

and rapidly milled. 

While the evolution of composite frac-

ture plug technology has led to large 

efficiency improvements for multistage 

completions, it is the use of degradable 

materials that has provided a step change 

alternative on current PNP completions. 

This technology, when properly implemented, can 

reduce or eliminate mechanical interventions during 

and after stimulation operations. This track points to 

the ultimate goal: reliable, self-removing, temporary 

isolation. Furthermore, dissolvable technology, such as 

the ReacXion fully dissolvable fracture plug, has been 

developed and improved in parallel with the latest gen-

erations of conventional plugs.

Expectations and optimization
Dissolvable technology delivers efficiency 

gains by optimizing the completion pro-

cess and the requirement for mechanical 

intervention post stimulation. However, 

early applications demonstrated that 

using a degradable fracture plug over 

a composite is not always a simple 1:1 

swap. When dissolvable technology was 

introduced, some operators replaced 

conventional fracture plugs without 

any adjustments in their completion 

strategies—resulting in mixed success 

similar to the industry’s initial experi-

ences with ball-drop and pump down 

plug technologies. Moreover, just as the 

early composite fracture plug experience 

led to operational lessons learned and 

efficiency best practices, the industry is 

developing workflows and recommen-

dations for optimizing completions with 

dissolvable plugs. Not all dissolvable 

technology is equal regarding dissolution 

speed, efficiency and thoroughness of 

dissolution. As with any completions deci-

sion, optimizing the completion process 

to incorporate degradable plugs requires 

carefully balancing efficiency with other 

economic and technical considerations.

Operators find efficiencies in 
hybrid fracture plug completions 

Composite and dissolvable plugs combine for optimal economics.

Button slips, fully composite architecture and a 

short length create the most efficient fracture 

plug used where CT removal is economical. 

(Source: Schlumberger) 

https://www.epmag.com/


EPmag.com   |   January 2019 59

As the degradable technology adoption continues to 

grow, the operational experience has led to best prac-

tices that allow operators to eliminate the need for all 

mechanical intervention after stimulation. Modern “frac 

factory” pad operations typically use low-viscosity slick-

water fluids, which can leave a large 

volume of proppant in the casing if 

not properly managed. Poor flowback 

practices can result in even more 

sand being pulled from near-wellbore 

fractures. Milling out conventional 

fracture plugs and removing the plug 

debris takes time and has an associ-

ated cost, but it has the added benefit 

of cleaning out the excess sand that 

would otherwise hinder production. 

Thus, to maximize efficiency when 

using dissolvable technology, it is 

critical to plan and manage prop-

pant. Technologies, such as PropNET 

proppant flowback control technology 

and AvantGuard advanced flowback 

services, can help mitigate sand dune 

effects seen in these wells.

Even with optimized operations 

and completions, dissolvable tech-

nology might not be the optimal 

economic solution for every well. 

For shallow wells in areas where CT 

milling services are readily avail-

able and economical, dissolvable 

technology might not be competi-

tive. On the other hand, operators 

have found dissolvable technology 

valuable in eliminating challenges 

associated with milling in depleted 

reservoirs, extended-reach laterals, 

and toe-up or porpoising wellbores 

(SPE-173695 paper). And in many 

cases, the operators find a hybrid 

approach—combining conventional 

and dissolvable fracture plugs  

in different parts of the well—gives 

the best return on investment.

Economic benefits

As operator experience increases in 

the use of degradable technologies, 

many have found that their choice 

does not center on the question of 

conventional versus dissolvable frac-

ture plugs, but rather how to combine them in opti-

mized hybrid completions to maximize the efficiency, 

technical and economic benefits. A great example of 

this is an operator that develops wells in the Meramec 

Formation in Oklahoma.
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The operator’s completion design generally calls for 
lateral lengths ranging from 2,286 m to 3,048 m (7,500 
ft to 10,000 ft) and stage spacing of 46 m to 91 m (150 ft 
to 300 ft). Historically, the company has used traditional 
fracture plugs of various designs but recently began a 
transition to hybrid operations based on the longer mill-
ing times—and costs—associated with milling activities 
beyond 1,524 m (5,000 ft). For stages up to a 1,524-m 
threshold, which CT could reach easily, dissolvable tech-
nology economics were uncompetitive with conventional 

fracture plug and milling oper-
ations. Beyond that threshold, 
however, the CT premium for 
increasing depth and diffi-
culty changed the economics. 
Building a simple model that 
incorporates the cost of the 
plugs and CT milling and clea-
nout operations, and based 
on a single premium on CT 
operations deeper than 1,524 
m enabled the operator to 
determine the potential savings 
of a hybrid design rapidly.

For example, in a 3,048-m 
(10,000-ft) well with 46-m 
(150-ft) stage spacing, the 
engineers calculated that using 
degradable plugs in the last 
1,524 m would save more than 
$22,000 as compared with 
using conventional fracture 
plugs for the whole well. Using 
a similar analytic approach, 
where individual well condi-
tions are used to evaluate the 
cost of mechanical interven-
tion, guidelines were devel-
oped for different well config-
urations and stage count.

As experience with hybrid 
completions continues to 
grow, the economic model 
increases robustness. As a next 
step, the model will account 
for the risk and economic 
impact of reducing other 
CT-related operational 
impacts, the benefits of faster 
time to market achieved by 
reduced CT time on location 

and the greater savings of longer laterals. These intangi-
ble benefits further exemplify the need for a proper 
economic analysis and a holistic approach to comple-
tions using degradable plugs. Depending on specific 
well conditions, the optimal economic approach might 
require simple modification to the pump down and 
flowback program as well as a number of plugs that can 
range from a full wellbore to hybrid completions. 

References available. 

Studies have shown that cost savings are determined by a combination of lateral length and 

stage spacing. (Source: Schlumberger)
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Zachary Walton, Jesse Porter, Michael Fripp and  

Greg Vargus, Halliburton 

B
ecause of the recent introduction of dissolvable 

fracture plugs, this technology has a short history 

compared to the lengthy historical success of compos-

ite fracture plugs. As a result, a fundamental question 

arises: What type of fracture plug and completion 

method should be used to increase the production 

from the wellbore and to decrease the overall cost of 

a completed wellbore? The benefit of the plug-and-

perf style of hydraulic fracturing is that it allows the 

operator flexibility to address this question with several 

different variations. 

Completion approaches using fracture plugs
The choice of composite or dissolvable fracture plugs 

enables different approaches for completing a stimula-

tion treatment. 

One method of hydraulic fracturing uses only com-

posite fracture plugs in the full wellbore. Composite 

plugs have been used for two decades, and well over 

1 million stages have been successfully completed. 

However, using composite fracture plugs involves not 

only the cost of the composite tools but also the cost 

to mill out the plugs after stimulation, the associated 

delays in production attributable to the milling process 

and the inability for milling to reach extended laterals, 

reducing the number of available pay zones.

A second method of hydraulic fracturing uses only 

dissolvable fracture plugs in the wellbore. The use of 

only dissolvable technology is a new approach in the 

energy industry, and it is currently gaining momentum 

with many stages completed to date. When only dis-

solvable fracture plugs are used, there are no materials 

remaining in the wellbore for milling. A lower-cost 

cleanup run might be needed to remove residual prop-

pant from the wellbore. The cost of using dissolvable 

technology includes not only the cost of the dissolvable 

fracture plugs but also the potential cost of making a 

tubing run for sand cleanout. Dissolvable technology 

enables extended-reach lateral lengths, fracturing at 

zones in the lateral where composites could not reliably 

be milled out.

The third approach to hydraulic fracturing is a hybrid 

method that uses a combination of composite and dissolv-

able fracture plugs in the wellbore. The hybrid method is 

commonly used in some regions for hydraulic fracturing 

in long laterals. Composite plugs are used in the conven-

tional lateral length, and dissolvable plugs are used in 

the extended lateral portion of the wellbore. Many of the 

same cost-benefit considerations from the first two meth-

ods also apply to this hybrid approach.

Using the hybrid approach provides the flexibility of 

not having to decide the type of frac-

ture plug or completion method to use 

beforehand, which enables operators 

to adjust day-to-day economics rather 

than having to preplan the entire stim-

ulation program. This rapid response 

is particularly important when the costs 

of tools and the value of production 

are rapidly evolving.

Creating a tool cost model
The relative value of hydraulic fractur-

ing with composite plugs versus dissolv-

able plugs is based on a tool cost model. 

The relative value does not include the 

costs associated with proppant, water or 

Cost and value of a  
dissolvable frac plug 

An enabling dialogue lists what a dissolving fracture plug brings to the market.

A hybrid approach for extended-reach laterals uses composite fracture plugs in the  

conventional lateral and dissolvable fracture plugs in the extended lateral.  

(Source: Halliburton) 
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pressure services because those supply costs are 

the same for composite and dissolvable fracture 

plugs. The tool value equals the production 

minus the tool costs and risk.

The value of the fracturing tools is a function 

of the tool costs, risk costs and the 30-day IP 

from the wellbore. The tool costs are the sum-

mation of any associated costs such as the cost 

of the plugs, cost to mill out, cost to clean out, 

etc. The risk is any mitigation cost multiplied 

by the probability of that type of mitigation 

being necessary. A 30-day IP is used in this cost 

model to show the relative value of the fracture 

plugs in a quick-return scenario. Any delayed 

early production is subtracted from the 30-day 

IP to calculate production. 

The revenue from early production reflects 

the trend that a wellbore cleanup run is faster 

than milling composite plugs. This result 

leads to an earlier production and faster 

realization of the 30-day IP. The net present value of 

that earlier production is accounted for in this lost 

earlier production variable. The production values 

are a function of production rate from each zone, the 

total number of zones, the price of oil, the daily cost 

of capital and the number of days spent milling or on 

cleanout. 

The tool cost is a function of the cost of the fracture 

plugs, cost of installing the plugs and cost of removing 

the plugs. The costs are broken down into the cost of 

the composite fracture plug, the cost of the dissolv-

able fracture plug, and the cost of the mill run or the 

cleanup run.

The risk of prematurely setting a fracture plug is a 

good example of how to understand the risk cost pro-

file. The risk cost of prematurely setting a fracture plug 

is the product of the likelihood of prematurely setting 

the plug and the cost of removing that prematurely set 

fracture plug. The likelihood of prematurely setting 

a composite and dissolvable fracture plug is approxi-

mately the same. The mitigation cost, however, is dif-

ferent because the composite plug must be milled out, 

whereas the dissolvable plug can be removed by means 

of dissolution, such as with spotting acid or through dis-

solution in the wellbore fluids.

Risk factors
The cost-value model for hydraulic fracturing must 

incorporate the costs associated with a variety of risk 

factors. The cost of the risk is the weighted likelihood of 

occurrence multiplied by the mitigation cost. The data 

are still being collected for the value of these risk factors 

because dissolvable fracture plugs are new technology, 

and the cost of contingencies is highly variable with 

recent energy market fluctuations, between operators 

and in different locations.

The risk factors that should be considered when the 

operator is conducting a cost-value analysis include 

• Potential formation damage arising from  

milling operation;

• Coiled tubing becoming stuck during milling; 

• Potential inability to circulate cuttings out of  

the wellbore;

• Potential for premature setting of the fracture  

plug; and

• The dissolvable fracture plug might not completely 

dissolve in wellbore fluids.

The tool cost model provides a framework for calcu-

lating the economic trade-offs when addressing the dif-

ferences of hydraulic fracturing tools from field to field, 

operator to operator and market cycle to market cycle. 

Conclusion
Dissolvable technology for hydraulic fracturing enables 

new stimulation methods for shale reservoirs. This new 

dissolvable technology is changing the costs and risks 

associated with completing the reservoir. Equally 

important, the dissolvable technology is expanding the 

opportunities to minimize mill time and to extend the 

lateral length of the wellbore. A framework for a 

cost-benefit model has been proposed to enable realiza-

tion of the full value of this technology. 
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A dissolving fracture plug illustrates the dissolution process.  

(Source: Halliburton)
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C
ementing is a critical component of the wellbore 

construction process. The primary purpose of 

cementing is to provide zonal isolation, stabilize the 

wellbore and support and protect the casing. More 

importantly, cementing provides a barrier that pre-

vents gas and fluid migration from the wellbore. When 

cement slurry is mixed, foam formation and air entrap-

ment can have a detrimental effect on the success of the 

cement job. Uncontrolled air entrapment can result in 

pump cavitation, low cement density, inadequate mixing 

and gas permeability issues. Sources of the undesired 

foam and entrapped air can be certain cement additives 

as well as the mechanical mixing itself.

Antifoamers and defoamers are critical elements to 

cement slurry design. Although both are used to control 

foaming, they differ on when they are introduced to 

the slurry system. Antifoams are generally a preventative 

measure added to the cement blend before mixing. 

Defoamers are typically liquids introduced once foaming 

already has occurred in the blender. Solid antifoamers 

are attractive because of their long-term storage stability 

and ease of handling under cold climate conditions. 

Additionally, dry powders can be precisely mixed with 

the cement blend before the job takes place.

Researchers at Hexion have developed a powder anti-

foamer designed to be more effective than alternative 

conventional antifoamers, even at lower concentrations. 

The X-Air P cement powder antifoam additive allows 

better density control than conventional cement anti-

foams, resulting in a higher quality cement job. This 

antifoam is effective in all classes of cement and formu-

lations containing additives such as naphthalene sulfon-

ate, sodium chloride and various fluid loss additives.

The chemistry of the X-Air P antifoam infuses a propri-

etary liquid antifoaming agent into a microporous, chem-

ically inert solid carrier. Figure 1 illustrates how the anti-

foam prevents air entrapment when the slurry is mixed.

Laboratory evaluation
Initial laboratory tests were conducted to determine the 

defoaming efficiency of the X-Air P antifoam compared 

to commercially available alternative antifoams. Tests were 

conducted using combinations of hydroxyethyl cellulose 

(HEC) fluid loss additive, polynaphthalene sulfonate 

(PNS) dispersant and sodium chloride (NaCl) accelerator 

in the cement slurry. The X-Air P antifoam and the control 

were dosed at 0.1% by weight of cement. Figure 2 shows 

that this antifoam has improved defoaming efficiency over 

the alternative in all additive variations of the slurry.

Additional slurry integrity tests, such as free water, 

fluid loss and rheology were conducted. These tests per-

formed following the American Petroleum Institute’s 

Recommended Practice 10B-2. The X-Air P antifoam 

had no adverse effect on free water and did not com-

promise fluid loss control. Rheology tests at 21 C (70 F) 

and 88 C (190 F) showed a shear thickening trend that 

closely resembled the alternative antifoam benchmark.

Cement antifoam provides high  
performance at low concentrations 
A high-efficiency antifoamer proves success in the field.

FIGURE 1. The X-Air P antifoam is delivered via an inert microporous carrier to prevent air entrapment. (Source: Hexion Inc.)
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DEFOAMING EFFICIENCY

Field trials
Hexion partnered with one of North America’s cement 

service companies and conducted a trial on three wells 

to test the performance of the antifoam in the fi eld. To 

test the reduction in air entrapment, atmospheric and 

pressurized mud scales were used to measure the slurry 

density of the same sample. The pressurized mud scale 

removes entrapped air by forcing more cement into the 

slurry cup, which displaces the air. The difference in the 

two instrument readings was used to show the amount of 

entrapped air within the cement slurry. 

The fi rst well consisted of a 95⁄8-in. casing with 12¼-

in. wellbore diameter and a depth of 335 m (1,100 

ft). The cement was a 65/35 Class C with a target 

density of 12.4 lb/gal with 6% bentonite. The X-Air P 

antifoam was compared to a commercially 

available alternative antifoam. For the fi rst 

well, both antifoams were utilized at 0.4% by 

weight of cement. 

The X-Air P antifoam achieved a 48% 

reduction in the entrapped air compared to 

the alternative antifoam. Also, the feedback 

from the service company was that no addi-

tional liquid defoamer was needed when 

using the X-Air P antifoam. Approximately 

4 gal of liquid defoamer was required for 

the portion of the job that used the alterna-

tive antifoam.

As a result of the success of the fi rst trial, 

the service company decided to reduce the 

concentration of the X-Air P antifoam by half 

compared to the alternative antifoam. Using 

0.25% X-Air P antifoam and 0.50% alterna-

tive antifoam, the service company repeated 

the trial matching the other parameters of 

the fi rst trial. Three samples were taken to 

be weighed out with atmospheric and pres-

surized mud scales (Figure 3). The results 

showed that on average, 25% less air entrap-

ment was observed using the X-Air P antifoam 

at half the concentration dosage. The service 

company continued trialing the X-Air P anti-

foam at half the concentration of the alterna-

tive antifoam. By utilizing this antifoam, they 

were able to observe a signifi cant reduction in 

entrapped air, even at lower concentrations. 

Controlling entrapped air is a critical ele-

ment for a successful well cementing job. 

The X-Air P cement powder antifoam not 

only demonstrated superior control of air 

entrapment in laboratory settings but it also 

has a successful track record of fi eld deploy-

ment throughout North America. Its unique chemistry 

provides better density control and allows users to 

design reliable cement jobs confi dently. As demon-

strated in the case study, it is more effective than alter-

native cement antifoams, even at half the concentra-

tion. Also, no additional liquid defoamer was needed 

on location. 

References available.

ATMOSPHERIC vs. PRESSURIZED MUD SCALE 
DENSITY READINGS

FIGURE 2. The X-Air P antifoam demonstrates higher defoaming effi ciency than 

the alternative antifoam. (Source: Hexion Inc.)

FIGURE 3. Slurry density variation as measured between atmospheric and 

pressurized mud scales is shown. (Source: Hexion Inc.)
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Nathan Wolford, C-Innovation LLC 

E
ffective subsea solutions have long called for a truly 

integrated approach. Each project requires indi-

vidual consideration to determine the best possible 

solution for each unique scenario. In the subsea sector, 

there is no allowance for attempting to plug a square 

peg into a round hole. With this in mind, C-Innovation 

adopts a fl exible approach to the adaptation of a vari-

ety of different methods and tools for each particular 

subsea project, in close consultation with the client. 

Recent project scopes completed include riserless acid 

stimulation on wellbores, hydrate remediation in subsea 

fl owlines and asphaltene blockage remediation within 

subsea fl owlines. 

Hydrate remediation
Hydrates have been at the root of fl ow assurance issues 

since the inception of the deepwater oil and gas indus-

Subsea fl owline remediation options 
provide operational fl exibility  
Alternative approaches enable hydrate and asphaltene blockage remediation in 

subsea fl owlines. 

The deck of the M/V Island Venture construction and light well 

intervention vessel features a 10.9-m-by-11.8 m (36-ft-by-39-ft) 

moonpool for operations. (Source: C-Innovation LLC)
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try. They form when gas and water mix at low tempera-

tures and high pressures, creating a physical blockage, 

which prevents communication through the flowline. 

Historically, when an operator experiences a suspected 

hydrate in a flowline, they may typically try to treat the 

problem with chemical remediation, pumping methanol 

or similar solvents into the flowline from the facility in 

the hope that they reach the blockage and dissolve it. 

This approach can be expensive and often ineffective. 

As an alternative approach, C-Innovation typically 

remediates hydrates using a gas-lift approach. This 

system consists of a subsea manifold, dual coil tubing 

(CT) downlines, a nitrogen membrane package and 

a fluid-returns handling spread. The system works to 

lower the pressure within the flowline, much like a con-

ventional subsea gas-lift system utilized on production 

equipment. Nitrogen is pumped down the supply CT 

conduit and taken back up through the returns CT 

conduit. By performing this while open to the flowline, 

a suction effect is established, and the higher-pressure 

liquid contents naturally flow upward through the 

returns coil conduit. By utilizing the gas-lift methodol-

ogy, high fluid return rates can be achieved, with a sus-

tained rate of 30 bbl/hr possible in some cases. Once 

the pressure is below the hydrate curve, the hydrate 

formation melts, allowing communication through the 

flowline to be re-established. C-Innovation has success-

fully remediated hydrates in four producing flowlines 

as well as two additional 32-km (20-mile) flowline sec-

tions set for abandonment. Up to 6,500 bbl of liquids 

have been removed from a single flowline to remediate 

the hydrate blockages fully. 

CT intervention

Asphaltenes, including heavy oils, resins, fines and 

certain high-molecular-weight waxes, are a problem 

commonly encountered in producing wellbores and 

flowlines. Asphaltene chemistry varies with each field 

and their deposition depends on changing pressure 

and temperature within a flowline. Soluble in light 
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aromatics, such as xylene and toluene, but insoluble 

in lighter paraffin, such as methanol, their removal 

requires either the application of aggressive chemical 

solvents or a mechanical approach. In a producing 

wellbore, CT can be applied through the tree into the 

wellbore to clean out the asphaltenes. However, in a 

subsea flowline, there is no such easy access, and more 

creative ways of affording access to the asphaltenes 

must be considered. 

Case study

A CT intervention performed to remediate asphaltene 

buildup in a flowline was performed in the summer of 

2017 in the Gulf of Mexico. A 32-km-long, 12-in.-by-8-in. 

nominal pipe-in-pipe flowline with a sled at the end 

was tied back to the host platform of an abandoned, 

decommissioned field. The subsea wells had been pre-

viously plugged and abandoned and the subsea trees 

were removed. To fully decommission the field, the 

flowline had to be flushed to seawater to prove it was 

clean before it could be permanently abandoned. This 

flowline did not have communication to the host, and 

previous chemical remediation attempts had failed. 

A subsequent subsea survey revealed partial asphal-

tene blockages along the flowline length with a com-

plete asphaltene blockage toward the sled end. The 

blockage started immediately downstream of the sled 

and extended for approximately 2,136 m (7,000 ft), 

preventing an effective flushing campaign. The client 

requested an intervention on the flowline to clear the 

asphaltene blockage in a cost-effective manner before 

they could abandon it. However, intervention was 

unachievable through the platform/riser end and, at 

32 km in total length, the blockage was inaccessible by 

chemical remediation.

Two main flowline intervention concepts were 

developed in early project meetings: a subsea lube 

and bleed methodology using hot taps and chemi-

cal-based remediation efforts, and a surface-based 

mechanical intervention, which would require recov-

ery of the flowline/sled to surface. Enabled by vessel 

capabilities, the second option was taken forward as it 

had the highest chance of success.

The project required the development of new tech-

nology to enable a CT intervention on the flowline 

from a multiservice vessel, a first of its kind interven-

tion. First, a moonpool bridge structure was designed 

to support the tremendous sled/flowline weight (more 

than 500,000 lb) as well as the CT stack above it. The 

pipeline end termination (PLET) bend was cut off and 

an American Petroleum Institute flange was welded to 

the PLET pipework offshore to provide direct access to 

the flowline. From there, the CT BOPs and traditional 

stack could be bolted up to the flowline. A structural 

tower was built to surround the PLET and CT stack to 

support the injector head above the system. The CT 

run was modeled and confirmed it could extend about 

2,800 m (9,200 ft) to confirm that the CT lockup dis-

tance extended past the maximum anticipated blockage 

distance. A fluid processing system was engineered to 

enable processing of three-phase returns including nat-

ural gas, hydrocarbons and solids (mainly asphaltene). 

The fluids processing system had tankage sufficient for 

4,000 bbl of liquid recovery. 

Results

C-Innovation successfully lifted the sled/flowline to the 

surface, landing the sled in a cradle fabricated in the 

moonpool bridge structure. The weight of the flowline 

was supported over the moonpool of one of its flagship 

offshore construction vessels, the Island Venture. The 

CT system was successfully rigged up and connected to 

the returns processing system onboard the vessel. The 

CT was run into the flowline carriage pipe, washing 

out the asphaltene blockage as the coil traveled down 

the flowline to a distance of 2,834 m (9,300 ft). During 

this process, asphaltenes were recovered to surface 

and processed in the three-phase separators, settling 

to the bottom of the tanks/separators. The 4,000 bbl 

of return volume were sufficient such that only one 

offshore transfer of liquids was required at the end of 

the campaign.

Next steps

Upon pressurizing to establish communication with the 

platform, the discovery of additional complete block-

ages prevented further flushing. After the client revis-

ited the data, a new goal of 20 km (12 miles) additional 

target distance was set for the following campaign. 

Overall, about 22 km (14 miles), or three-fourths of the 

entire line, requires cleanout. 

A plan was made to retool for a second campaign in 

early 2019 with a 9,144-m (30,000-ft) CT string and trac-

tor. This revised system will enable a target distance of 

about 8,534 m (28,000 ft) per run. The total distance 

will be achieved by cleaning the flowline in sections—

with three runs of about 7,620 m (25,000 ft) per run. 

After each run, a temporary plug can be set to enable a 

subsea cut of the flowline. After each cut, a ball grab 

tool will be installed within the flowline to lift it to the 

surface and support it on a redesigned moonpool 

bridge support structure. 
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W
ell stimulation is an effective technique for remov-

ing wellbore damage, or “skin,” and restoring a 

well’s productivity or injectivity. Dynamic fluid pulsation 

is a proven approach for placing fluids during well stim-

ulation or IOR activities where conventional approaches 

have proven to be ineffective or marginally beneficial. 

While dynamic fluid pulsing is not new to the oil and 

gas industry, the phenomena of dynamic fluid pulsing 

and its benefits do not fall within the conventional view 

of porous media mechanics. The origins of dynamic 

fluid pulsing date back to the late 1990s, and the tech-

nique has been the subject of a wide range of academic 

studies as well as numerous patents on the process and 

tools associated with the technique. 

The economic and production/injection benefits 

of dynamic fluid pulsation are related to the applica-

tion of long-wavelength displacement waves that bring 

dynamic energy to fluids at the pore scale, overcoming 

flow barriers and dispersing fluids deeper and more 

uniformly throughout the reservoir matrix.

Dynamic fluid pulsing also has been used extensively 

in waterflooding applications to improve sweep effi-

ciency, reduce water cut and ultimately improve oil 

recovery. More recently, an intensive effort has been 

made to move fluid pulsing technology from the lon-

ger-term applications of permanently installed tools 

for IOR purposes to shorter-term applications such as 

coiled tubing matrix stimulation. 

All oil reservoir rock is more or less heterogeneous 

at all scales of micro, mega and pore. Heterogeneity 

refers to the geological complexity of a reservoir and 

the relationship of that complexity to the flow of fluids 

through it. Generally, the higher the level of reser-

voir heterogeneity, the more difficult it becomes to 

achieve maximum fluid distribution or conformance. 

Improving conformance in a non-homogenous mate-

rial, such as an oilfield reservoir, means improving flow 

through lower permeability regions. During a well stim-

ulation using a treatment fluid, such as acid, the goal is 

to move the acid through the entire rock volume. The 

physical constraints of fluid flow negatively impact that 

ideal outcome in two ways. 

First, injecting a low-viscosity fluid like acid into a 

higher viscosity fluid like oil results in the formation of 

viscous instabilities, or “fingering.” Second, because of 

heterogeneity, fluid flow will concentrate in the higher 

permeability zones (i.e., the path of least resistance) 

leaving the lower permeability zones virtually unswept 

by the injected fluid.

Stimulations are accomplished through a variety of 

techniques but most commonly by injecting chemicals 

to treat existing conditions in the reservoir. 

The use of chemicals in treating wells is more effec-

tive when the fluids are placed along the completed 

interval with maximum distribution and depth of pene-

tration. Conventional steady-state injection methods are 

limited in their effectiveness for this operation. Without 

the aid of mechanical or chemical diversion, the latter 

which may lead to reservoir damage, such formation 

characteristics reduce treatment effectiveness as the 

chemicals merely follow existing flow pathways.

Dynamic fluid pulsation improves 
post-stimulation gains     
A proven method forces injection fluids outside the path of least resistance through dispersion.

The downhole tool works with conventional surface equipment and 

is installed in injection wells to transform the normally steady rate of 

injection to a pulsating injection stream with approximately 20 to 40 

pulses per minute. (Source: Wavefront Technology Solutions Inc.)
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Dynamic fl uid pulsation versus other 
conventional methods
Dynamic fl uid pulsing works effectively as a reservoir 

stimulation method primarily because it forces injec-

tion fl uids outside the path of least resistance through 

a dispersion process. The waveform associated with a 

purpose-created fl uid pulse has a saw-tooth shape, which 

provides several benefi ts over traditional stimulation 

methods. The sharp change in pressure in a very short 

period directs fl ow radially into the formation, inducing 

fl uid dispersion, which includes deeper penetration and 

more uniform distribution of treatment fl uids, and has 

shown to overcome diffi cult reservoir conditions. How-

ever, the difference in pressure is only a small piece of 

the puzzle. How the change in pressure is created is a 

key characteristic of dynamic fl uid pulsing versus acous-

tic, sonic and jetting approaches and ultimately the rea-

son for fl uid dispersion into the reservoir.

Dynamic fl uid pulses are highly effective as a fl uid 

placement technique for a variety of reasons:

• The pressure gradients involved in the normal 

fl ow of fl uids through the reservoir are generally 

very small when viewed at the pore scale, yet small 

differences between these pressure gradients deter-

mine the path of least resistance that governs the 

normal fl ow of fl uids. Typical amplitudes associated 

with dynamic fl uid pulsing alter local pressure gra-

dients and completely dwarf those associated with 

normal fl uid fl ow in the reservoir, causing accurate 

fl uid placement throughout the entire interval even 

through zones of high resistance to fl ow;

• Dynamic fl uid pulsing forces fl uid into the 

spaces between the grains of rock or sand, 

which causes a very small and completely 

harmless expansion and contraction of this 

pore space, thereby giving rise to an improved 

dynamic permeability;

• The increase in dynamic permeability and the 

fl uid displacement pulses allow fl uids to travel 

more uniformly through the reservoir; and

• The typical radius of infl uence (as penetration 

depth depends on porosity, permeability and the 

volume of fl uid injected at a single point) of the 

dynamically placed treatment fl uid can approach 

1 m (3 ft) or more.

A two-step process
Dynamic fl uid pulse stimulation is a two-step 

process. Step 1 is a wellbore cleaning process to 

remove any scale or fl ow impediments within the 

wellbore using a cavitation-based pulsing tool that 

creates a water hammering effect to remove debris. 

Step 2 is the main treatment and employs a magnet-

ic-based fl ow-driven device that operates entirely on a 

pressure differential where the opening and closing 

of a downward shifting piston allows fl uid to exit the 

tool at high acceleration.

Why a two-step process? While the pressure differen-

tial fl ow-driven method works effectively as a way to 

force injection fl uids outside of the path of least resis-

tance and deep into the reservoir, it is not well-suited to 

scale and fi ll removal because the energy generated by 

the tool is that of a high-amplitude, low-frequency saw-

tooth wave. In contrast, devices that generate higher 

frequencies and lower amplitudes having a sinusoidal 

waveform (or continuous wave) are more suited to the 

removal of scale. A cavitation-based, acoustic pulsing 

tool is used to remove material from the wellbore and 

near wellbore region to prepare the well and formation 

for matrix stimulation via the pressure differential fl ow-

driven device. 

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.

Like kinking a garden hose, precise amounts of energy are repeatedly built 

up and released by the tool. The pulses add acceleration and momentum 

to the injected fl uid, forcing it into the reservoir’s nooks and crannies and 

more impermeable rock at speeds of up to 100 m/s (328 ft/s). 

(Source: Wavefront Technology Solutions Inc.)
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SEISMIC  

INTEPRETATION

Elana Mandleman and Duane Dopkin, E&P Software, 

Emerson Automation Solutions

S
eismic processing, imaging, characterization and 

interpretation activities are preferably executed 

as a continuous workflow to maintain seismic data 

integrity and consistency, as the workflow progresses 

from raw field data to the respective deliverables. 

Geophysicists are tasked with constructing a workflow 

from hundreds of applications and algorithms, as 

well as thousands of parameters, to achieve desired 

project outcomes. Almost all these applications 

and algorithms are based on assumptions about the 

underlying geological (earth) model complexity and 

subsurface conditions.

Many of these applications require an explicit rep-

resentation of an earth model composed of a geologic 

structure and velocity properties. These applications 

operate on and update an initial reference or back-

ground velocity model using algorithms and objective 

functions that relate seismic measurements to the 

model parameters. When properly parameterized, the 

updated model and associated seismic deliverables 

generated from that model can be a significant step 

toward ensuring that project objectives are met. 

The updated velocity model establishes a framework 

for the generation of other models (facies, reservoir 

property, pore pressure and discrete fracture network) 

that are required for geologic targeting and well plan-

ning. These properties are often strongly associated 

with the modeled velocity parameters. Consequently, 

co-location of geophysical and geologic properties 

becomes important.

A better understanding of the dependencies of 

seismic velocities on the full earth model description 

is needed. The transition from time to depth oper-

ations for seismic imaging and inversion requires a 

parameter transformation from effective (average) 

to formation (interval) properties. Furthermore, 

anisotropic velocity models, needed to describe the 

dependency of seismic velocity on the direction of 

wave propagation, depend heavily on the structure, 

layering and fracture network of geologic formations. 

Consequently, accurate parameterization of the veloc-

ity model is highly dependent on a richly described 

geologic model. 

Despite this strong dependency of velocity parame-

ters on the earth model, velocity modeling is frequently 

carried out independently of geologic model construc-

tion. This is largely because building a velocity model 

consistent with the structure, stratigraphy, facies and 

lithology of the earth model is not simple. It requires 

the synchronization of two generally large systems, one 

for the determination of velocity models using the seis-

Geologically constrained velocity 
models improve field development 

A collaborative best practice can be routinely deployed with huge returns.

An initial background reference interval velocity is shown on the left. Geologically constrained interval velocity update model is on 

the right. (Source: Emerson Automation Solutions)
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mic method and the other for the generation of geo-

logic models from many sources of data. The synchro-

nization of these models will ensure the following:

Respective constraint (invariants) are honored in both sys-

tems. For the geophysical (velocity) model, the invariants 

are the recorded travel times. For the geologic model, 

constraints can include all well data, sequential strati-

graphic rules, erosion rules, fault type and behavior, and 

intraformational chronostratigraphic behavior. Honoring 

the invariants of one system forms a complementary 

check and balance on the other.

Model updates are concurrent and automatic. The devel-

opment of a geologically constrained velocity model 

requires numerous iterations of seismic reflection 

tomography, with continuous updating of structure 

and properties of the model. This process needs to be 

automated and engineered into the respective geo-

physical and geologic applications. In practice, the 

geometry measurements (dip and azimuth) extracted 

from the layer boundaries of the volumetric earth 

model are transferred to the seismic tomography 

system. After the tomographic update, velocity param-

eters and displacements (XYZ) are returned to the 

geomodeling system where the model is automatically 

rebuilt. This process ensures that the respective mod-

els remain convergent and that seismic properties and 

geologic grids remain co-located.

Velocity operations conform to the geology. Velocity pro-

cesses, such as smoothing and geostatistical operations, 

must be allowed to follow the structural model and 

stratigraphic layers that describe the model to avoid the 

creation of nonplausible velocity distributions. Seismic 

inversion operators also can be designed to follow the 

stratigraphic layers of the model.

All data are honored. Models are sealed. Seismic imaging 

in areas of strong deformation or intrusions (salt 

and basalt), requires that this structural complexity 

be accurately represented. All faults need to be fully 

described with no approximations or deformations. 

Salt-horizon and fault-horizon interfaces need to 

be properly handled so they do not create leakages 

in the velocity model. Intrusions need to be sealed. 

Models should be initiated in a sealed state and 

remain sealed during the tomographic update pro-

cess described previously. 

Model integrity can be continuously tested. Seismic 

interpretation is a key step in the velocity model 

building process, subject to continuous refinement. 

Interpretation uncertainty, introduced by extensive 

faulting or lack of image clarity, can introduce addi-

tional uncertainties within the seismic imaging, velocity 

modeling and geomodeling loop. Seismic interpreta-

tion data can be evaluated and corrected in chronos-

tratigraphic space, where inconsistencies between the 

seismic data and the chronostratigraphically trans-

formed model become apparent. 

Velocity model uncertainties 

Following all the best practices outlined does not leave 

geophysicists and geomodelers entirely in the clear. 

The acquisition sampling of seismic data is generally 

incomplete and imperfect, leaving practitioners with 

velocity model uncertainties caused by undersampling. 

In mathematical terms, this causes the tomography solu-

tion to be over-determined, as there are more unknown 

parameters than known. This means that multiple veloc-

ity models can fit the observed seismic data (i.e., a range 

of velocity models can flatten the reflectors in prestack 

common image gathers).  

To evaluate this uncertainty, a tomographic approach 

can be introduced that preserves the seismic travel times. 

In this method, the parameters of the background or 

reference velocity model can change while the travel 

times of all ray pairs are preserved. Perturbations can 

be applied to all types of model parameters. The travel 

times of all ray pairs traced during the tomographic 

inversion are the kinematic invariants referenced earlier. 

In the migrated domain, all the kinematically equivalent 

models should provide more or less flat reflection events 

within the common image gathers. 

When significant and systematic mis-ties between inter-

preted seismic depth horizons and well markers exist, 

well-marker mis-tie tomography can be used to obtain 

modifications to the vertical velocity or Thompsen aniso-

tropic delta parameters to minimize the mis-ties. This 

form of tomography is a global, geophysically robust 

and interpretation-friendly approach for assessing depth 

uncertainty when planning or drilling horizontal wells. 

It is particularly relevant in shale plays, where decisions 

need to be made quickly and staying within thin target 

lithozones is challenging. 

Velocity model uncertainty can originate from many 

sources; however, it is best evaluated using both geo-

physical and geologic modeling systems that can incor-

porate all available data.

The need for geologically constrained velocity and 

property models derived from the seismic method 

begins with an understanding of the impact it can have 

on exploration and field development programs. The 

practice of integrating the models should be more per-

vasive and should be invoked from the onset of a seis-

mic program. 

SEISMIC  

INTEPRETATION

https://www.epmag.com/


http://www.mrcglobal.com


January 2019   |   EPmag.com86

DIRECTIONAL  

DRILLING

James Andrews, Oceanit Laboratories Inc.

D
irectional drilling is a challenging task even during 

the best of conditions, with many aspects described 

as more art than science. Successful and cost-effective 

directional drilling often comes down to an expert who 

has a good feel of how to navigate thousands of feet 

underground, site unseen. Therefore, the art of drill-

ing often comes down to the artists, who are in high 

demand and short supply. 

To address this scarcity, improve the economics 

and deliver consistently better outcomes, Oceanit was 

challenged to develop an artificial intelligence (AI)-

driven system that performed as well as the experts 

and could augment or replicate their capabilities. The 

result is a system that, so far, delivers results within a 

1.5% margin of expert drillers. Oceanit’s AI drilling 

system is playfully referred to as “Deep Thought,” a 

reference to the fictional computer in The Hitchhiker’s 

Guide to the Galaxy. 

Deep Thought is capable of continuously learning and 

improving on its directional drilling decision-making. 

The scalable capabilities it provides can significantly 

reduce costs for operators while increasing high-perfor-

mance outcomes through its reinforcement learning, 

replication and optimization of drilling mechanics.

Minimizing deviation, tortuosity
Working with Shell International Exploration, Oceanit 

developed Deep Thought to optimize value in directional 

drilling by minimizing deviation from planned wellbore 

trajectory, minimizing tortuosity, maximizing the ROP 

and reducing the number of personnel onboard, all fac-

tors that have serious impacts on the bottom line. 

With directional drilling, expert teams maintain a 

stationary drillstring at the surface to achieve a curved 

hole. There are two main categories of systems used 

in directional drilling: bent-sub downhole motors and 

rotary steerable systems. Oceanit focused on the prior, 

as bent-sub downhole motors are generally more cost- 

effective and prevalent in shale plays.

It is incredibly challenging to control the angular 

orientation of the drillbit toolface while ensuring ade-

quate ROP. Eliminating trajectory deviations and the 

associated, costly corrective measures are imperative 

for improved outcomes. To reduce deviations, Oceanit 

used machine learning techniques in training Deep 

Thought to replicate the decisions of expert drillers. 

Machine learning is the endowing of computers 

with the ability to learn without explicit preprogram-

ming. Deep Thought uses artificial neural networks 

(ANNs)—a subset of machine learning—which are 

synthetic models of the function of biological neural 

networks. ANNs pass data through the network, with 

Potential of AI-powered  
directional drilling 

A system looks to optimize value in directional drilling by minimizing deviation from 

planned wellbore trajectory, minimizing tortuosity and more. 

A multilayer perceptron neural network is a class of ANNs that uses a supervised learning technique called backpropagation for  

training and can distinguish data that are not linearly separable. (Source: Oceanit)
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neurons accumulating patterns as 

the data flow.

Oceanit’s work with Shell was 

broken down into three primary 

tasks to achieve an optimized AI:

1. Information formulation, 

including operator engage-

ment and data preparation; 

2. ANN construction, including 

data immersion/analysis, eval-

uation and drilling simulation 

reinforcement learning; and

3. Supervisory mode development 

for augmenting the capabilities 

of directional drillers.

A computational model for drill-

string physics was used to simulate 

the mechanics of directional drill-

ing and collected data were filtered 

and used to structure and train 

Deep Thought to select appropri-

ate drilling actions. 

Machine learning 
After the initial structuring, rein-

forcement learning methods were 

employed to refine the neural net-

work behind Deep Thought. Histori-

cal directional drilling data, including 

that from MWD, were compiled from 14 horizontal wells 

in Appalachia and the Permian Basin. In addition to time/

date stamps, the data included bit depth, hole depth, hook 

load, weight on bit, differential pressure, gravity toolface, 

magnetic toolface, toolface angle, ROP, rotary rpm, rotary 

torque, standpipe pressure, total pump output and other 

more extraneous categories. The datasets were then uni-

fied and cleansed for use in training and validation.

Deep Thought was iteratively trained, and the param-

eters that govern learning were optimized. The result 

was an AI system that does not simply repeat back past 

results but generalizes from those instances to be able 

to suggest actions in new situations correctly.

As Deep Thought mastered the decision-making pro-

cess in both new drilling scenarios and past scenarios, 

it improved upon its actions taken in response to com-

plications, including changes in borehole friction, mud 

motor stall, the weighting of the bit during drilling and 

torque effects from the drillstring itself and low bit-rate 

telemetry. All of these factors are critical to preserve 

well trajectory and eliminate the need for corrective 

measures that add to well costs.

Next steps
Oceanit’s Deep Thought AI directional drilling system 

has demonstrated competence in historical and simu-

lated realms and will be further trained and tested as a 

real-time advisory system for control of directional drill-

ing operations. 

Before moving to the field, the system will be further 

tested in simulation with expert directional drillers 

from Shell. Successful tests of Deep Thought will be 

those that augment a directional drilling operator’s per-

formance and speed, enhancing their decision process 

and improving overall ROP. 

The largest market for Deep Thought is shale wells, 

which are mostly horizontal and drilled with motors. 

The AI system will extend motor life, improve the ROP 

and deliver higher target accuracy.

Ultimately, Oceanit envisions Deep Thought being 

directly integrated into drilling operations, enabling 

fully automated directional drilling and addressing the 

scarcity of directional drilling experts and additional 

personnel. This will address the need for improved eco-

nomics and consistently better outcomes. 

DIRECTIONAL  
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Directional and horizontal drilling account for most new oil and natural gas wells.  

(Source: Zhengzaishuru/Shutterstock.com)

https://www.epmag.com/


January 2019   |   EPmag.com88

DIRECTIONAL  

DRILLING

Neil Bird and Wendy Gray,  

Scientific Drilling International

S
cientific Drilling International announced the 

commercialization of its HALO rotary steerable sys-

tem (RSS) at the 2018 Society of Petroleum Engineers 

Annual Technical Conference & Exhibition held in Sep-

tember in Dallas. Consisting of an integrated steering 

unit and MWD survey package, with azimuthal gamma 

ray geosteering and pressure-while-drilling capabilities, 

the HALO system is fully assembled, calibrated and 

qualified before delivery to the rig site. This minimizes 

bottomhole assembly makeup time and helps mitigate 

HSE risks associated with rig floor operations. 

“The importance of rotary steerable systems in uncon-

ventional shales has become increasingly important, 

especially as operators are drilling longer laterals to 

extend their pay zone yield,” CEO Phil Longorio said.  

The new HALO RSS “helps meet operators’ reliability 

and economic challenges, while yielding more efficient, 

smoother directional wellbores, resulting in faster well 

construction and completion operations,” he said. 

Building a complex curve in the Marcellus
Available in a 6½-in. collar size, the HALO system drills 

standard 8½-in. and 8¾-in. hole sizes as well as the 97⁄8-

in. intermediate hole size. 

The HALO system is a high-dogleg severity (DLS) RSS 

capable of operating in 77⁄8-in. hole sizes, providing a cost 

savings of about 15% to the operator over the standard 

8½-in. and 8¾-in. options. Cost savings are recognized 

both on the drilling and completions sides due to smaller 

tools and casing strings. Historically, the 77⁄8-in. hole size 

has not been popular because RSS tools were not capable 

of drilling both the curve and lateral sections in one run, 

so operators drilled the 8½-in. hole section with an RSS 

and the 77⁄8-in. hole with conventional motor assemblies. 

The first commercial HALO RSS run in a 77⁄8-in. hole 

run was completed in the Marcellus Shale in August 2018. 

The well involved a complex 3-D curve section, followed 

by a 1,829-m (6,000-ft) lateral section. The RSS went into 

the wellbore at a 60-degree inclination and completed the 

curve section to the lateral heel in one run. 

The curve dropped and turned from 60 degrees 

to 23 degrees, then built and turned from the 23- to 

90-degree inclination, all on a 9-degree DLS plan. To 

execute the 9-degree DLS curve, the HALO RSS utilized 

about 62.5% of its potential DLS output. The system is 

capable of 15-degree DLS max, placing it at the high 

end of the market regarding curve drilling capability. 

The lateral section was then drilled with directional 

placement using Scientific Drilling’s drilling control algo-

rithms, enabling the downhole HALO system to automat-

ically control not only its inclination but also its azimuth, 

allowing the RSS to follow the well plan with minimal 

operator input and deliver better than expected results. 

Fewer drilling interruptions
The RSS is controlled by commands based on a combi-

nation of stepped and variable time-based flow changes 

that are sent using standard rig pumps. The majority 

of these are sent while drilling ahead, and full up-hole 

telemetry decoding is maintained during the downlink. 

Once a command is sent, the downhole tool sends a con-

firmation message to the surface system acknowledging a 

successful change in directional control parameters.

For a Marcellus operator, only two downlinks were 

sent for azimuth placement throughout the lateral. All 

other downlink data were target inclination changes 

High-dogleg severity RSS  
provides cost savings  

A new RSS that features an integrated steering unit and MWD survey package that includes 

azimuthal gamma ray geosteering delivers results in the Marcellus.

Workers on a drilling rig prepare the HALO RSS to be picked up 

and deployed. (Source: Scientific Drilling International)
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to maintain true vertical depth (TVD) control within 

the pay zone, as defined by the operations geologist. 

The lateral was placed 100% within the target zone. All 

downlinks were performed on the bottom with 98% 

accepted on the first communication attempt. 

The HALO RSS utilizes advanced real-time control 

algorithms downhole to automate wellbore placement. 

While most RSS tools on the market can control incli-

nation, and therefore TVD placement with tight toler-

ances, the HALO RSS automatically controls azimuth to 

the same degree of accuracy.   

Improved hole quality
Over the last few years, the U.S. drilling industry has 

realized staggering efficiency improvements, resulting in 

significantly reduced drilling times compared with only 

a couple of years ago. Driven by these improvements, 

operators are more focused on the quality of the deliv-

ered wellbore, regarding proximity to plan and reduced 

tortuosity in the lateral section. 

The HALO RSS automatically controls the wellbore 

trajectory using a navigational sensor package located 1.8 

m (6 ft) behind the bit. The navigation package contains 

sensors to provide inclination and azimuth measurements. 

Continually correcting the trajectory so close to the 

bit means that the well path is not allowed to deviate 

from the target settings. This means the HALO system 

only has to counter the natural formation tendencies, 

not any additional curvature established by poor direc-

tional control. The results from the enhanced control 

algorithms have been consistent across multiple basins 

and represent a step change in directional control and 

wellbore placement.

Future development
The company is working with operators throughout the 

Permian Basin, Stack and Marcellus shale plays to drill 

additional 77⁄8-in. holes. These wells are a combination 

of lateral only and curve/lateral applications. All will be 

motor-assisted, which is practically a standard require-

ment for all U.S. land work. Motor-assisted drilling 

allows the system to operate at a maximum bit speed 

of up to 350 rpm, maximizing ROP performance and 

reducing rig time and trips. 

An annular pressure sensor will be incorporated into 

the steering unit, which will enable real-time equivalent 

circulating density calculations, further enhancing the 

system’s ability to execute extended-reach directional 

wells successfully. The HALO 500 system, for 6-in. to 

6¾-in. hole sizes, entered engineering testing in the 

fourth quarter of 2018 while field testing is expected to 

take place in the mid- to late first quarter this year. 

The illustration shows the improvement realized using the HALO RSS on the third well on a pad when compared to the previous 

two wells drilled with competitor systems. (Source: Scientific Drilling International)
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FRAC PLUGS,  

BALLS & SLEEVES

Compiled by Scott Weeden, Contributing Editor

A
s lateral lengths for unconventional wells have 

increased, so too have the number of stages needed 

to complete those wells. Frac plugs, balls and sleeves 

provide the zonal isolation necessary for the successful 

stimulation of multistage wells. 

The following tables provide the specification data for 

these critical components of the well completions pro-

cess as compiled from the industry’s leading manufac-

turers and suppliers. 

Find frac tool specs quickly 
Comprehensive listing provides at-a-glance referencing of technical specifications  

of frac plugs, balls and sleeves currently available to the market. 

Company/Product Casing Specifications Plug Specifications Operating Ranges

OD 
(inches)

Weight Range 
(lb/ft)

Min. ID 
(inches)

Max. ID 
(inches)

Plug OD 
(inches)

Min. ID 
(inches) 

Length 
(inches)

Ball Size 
(inches)

Pressure 
Rating (psi) 

Temperature 
Rating (F)

American Completion Tools

Standard Drillable  
Cast Iron Frac Plug

4.5 9.5 to 16.6 4.090 3.593 3.826

Standard Drillable  
Cast Iron Frac Plug

4.5 9.5 to 13.5 4.560 3.937 3.92

Standard Drillable  
Cast Iron Frac Plug

5 11.5 to 21 4.560 3.937 3.92

Standard Drillable  
Cast Iron Frac Plug

5.5 13 to 25 4.580 4.312 4.312

Standard Drillable  
Cast Iron Frac Plug

5.75 22.5 to 25.2 4.580 4.312 4.312

Standard Drillable  
Cast Iron Frac Plug

6.625 17 to 22 5.989 5.687 5.687

Standard Drillable  
Cast Iron Frac Plug

7 17 to 35 5.989 5.687 5.687

Big Bore Drillable  
Cast Iron Frac Plug

4.5 9.5 to 13.5 3.920 4.090 3.718

Big Bore Drillable  
Cast Iron Frac Plug

5.5 13 to 17 4.812 5.044 4.5

Big Bore Drillable  
Cast Iron Frac Plug

6.625 17 to 20 6.004 6.366 5.687

Big Bore Drillable  
Cast Iron Frac Plug

7 23 to 35 6.004 6.366 5.687

Baker Hughes, a  GE company

Torpedo Composite  
Frac Plug

5 18 to 21.4 3.850 10,000 350

Torpedo Composite  
Frac Plug

5.5 15.5 to 23 4.380 10,000 350

Torpedo Composite  
Frac Plug

5.5 20 to 26 4.130 10,000 300

MILLITE Lightweight 5.5 20 to 23 4.578 4.868 4.380 10,000 70 to 275

Blackhawk Specialty Tools

Big Easy Frac Plug 5.5 17 to 23 4.670 4.892 4.380 19.5 10,000 300

Composite Bridge Plug 2.375 4.7 1.922 1.995 1.750 16.38 10,000 300 to 400

Composite Bridge Plug 2.875 6.4 to 7.9 2.320 2.440 2.440 17.5 10,000 300 to 400

Composite Bridge Plug 3.5 12.95 2.750 2.500 17.5 10,000 300 to 400

Composite Bridge Plug 3.5 9.3 to 10.2 2.920 2.990 2.730 17.5 10,000 300 to 400

Composite Bridge Plug 3.5 7.7 3.070 2.830 17.5 10,000 300 to 400

Composite Bridge Plug 4 9.5 to 11 3.480 3.550 3.190 23.88 10,000 300 to 400

Composite Bridge Plug 4.5 18.8 to 20 3.640 3.380 23.88 10,000 300 to 400

Composite Bridge Plug 4.5 15.1 to 17.1 3.750 3.830 3.440 23.88 10,000 300 to 400

Composite Bridge Plug 4.5 9.5 to 13.5 3.920 4.090 3.570 23.88 10,000 300 to 400

Composite Bridge Plug 5 23.2 4.040 3.570 23.88 10,000 300 to 400

Composite Bridge Plug 5 11.5 to 18 4.280 4.560 3.920 23.88 10,000 300 to 400

COMPOSITE FRAC PLUGS
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FRAC PLUGS,  

BALLS & SLEEVES

Composite Bridge Plug 5.5 23 to 26.8 4.500 4.670 4.130 23.8 10,000 300 to 400

Composite Bridge Plug 5.5 15.5 to 20 4.780 4.950 4.300 23.8 10,000 300 to 400

Composite Bridge Plug 5.5 14 5.010 4.600 23.8 10,000 300 to 400

Composite Bridge Plug 7 23 to 32 6.090 6.370 5.750 24 10,000 300 to 400

Composite Bridge Plug 7 17 to 20 6.460 6.540 5.950 24 10,000 300 to 400

Composite Bridge Plug 7.625 24 to 33.7 6.770 7.030 6.250 24 10,000 300 to 400

BR Oil Tools

Texas Raptor Composite 
Bridge Plug

5.5 17 to 23 10,000 300

C&J Energy Services

Tru-Mill Composite Plug 5.5 17 to 23 4.380 1.25 21.9 10,000 325

Tru-Mill Composite Upper/
Lower Slip Plug

5.5 17 to 23 4.578 4.976 4.380 1.25 21.94 2.125 8,000 325

Tru-Mill Composite Upper/
Cast Iron Lower Slip Plug

5.5 17 to 23 4.578 4.976 4.380 1.25 21.9 2.125 8,000 325

Tru-Mill Composite Upper/
Cast Iron Lower Slip Plug

5.5 17 to 23 4.578 4.976 4.380 1.25 21.9 2.125 8,000 325

Composite Systems LLC

Patriot Frac Plug 5.5 15.5 to 23 4.670 4.950 4.370 1.445 22.5 10,000 350

Iso Drill Bridge Plug 4.5 11.6 to 13.5 3.920 4.000 3.660 0.815 23.75 10,000 300 to 350

Iso Drill Bridge Plug 5 15 to 18 4.276 4.408 3.940 0.815 23.75 10,000 300 to 350

Iso Drill Bridge Plug 5.5 15.2 to 23 4.670 4.950 4.370 1.445 20.25 10,000 300 to 350

Iso Drill Bridge Plug 7 20 to 32 6.094 6.456 5.800 2 31 10,000 300 to 350

Diamondback Industries

Eliminator Plug 4.5 10.5 to 16.6 3.580 23.09 10,000 400

Eliminator Plug 5.5 15.5 to 23 4.424 24.5 10,000 400

Eliminator Plug 7 20 to 29 5.910 24.5 10,000 400

Sabre Composite Plug 4.5 10.5 to 15.1 10,000 375

Sabre Composite Plug 5 18 to 29.2 10,000 375

Sabre Composite Plug 5.5 14 to 26 10,000 375

Downhole Technology

Boss Hog Ball Drop 4.5 13.5 3.852 3.992 3.500 0.75 15.5 1.75 10,000 250

Boss Hog Ball Drop 4.5 15.1 3.751 3.904 3.500 0.75 15.5 1.75 10,000 250

Boss Hog Ball Drop 4.5 16.6 3.673 3.836 3.500 0.75 15.5 1.75 10,000 250

Boss Hog Ball Drop 4.5 11.6 3.940 4.069 3.650 0.75 17 1.875 10,000 250

Boss Hog Ball Drop 4.5 13.5 3.852 3.992 3.650 0.75 17 1.875 10,000 250

Boss Hog Ball Drop 5 18 4.194 4.360 3.875 0.875 17 2 10,000 250

Boss Hog Ball Drop 5.5 26 4.446 4.651 4.125 0.875 18 1.875 10,000 250

Boss Hog Ball Drop 5.5 23 4.577 4.764 4.250 1 18 2.125 10,000 250

Boss Hog Ball Drop 5.5 17 4.818 4.975 4.375 1.25 18 2.125 10,000 250

Boss Hog Ball Drop 5.5 20 4.694 4.867 4.375 1.25 18 2.125 10,000 250

Boss Hog Ball Drop 5.5 23 4.577 4.764 4.375 1.25 18 2.125 10,000 250

Boss Hog Ball Check 4.5 13.5 3.852 3.992 3.500 0.625 16 0.938 10,000 250

Boss Hog Ball Check 4.5 15.1 3.752 3.904 3.500 0.625 16 0.938 10,000 250

Boss Hog Ball Check 4.5 16.6 3.673 3.836 3.500 0.625 16 0.938 10,000 250

Boss Hog Ball Check 4.5 11.6 3.940 4.069 3.650 0.75 16 1.063 10,000 250

Boss Hog Ball Check 4.5 13.5 3.852 3.992 4.375 0.75 16 1.063 10,000 250

Boss Hog Ball Check 5.5 17 4.818 4.975 4.375 1 18 1.125 10,000 250

Boss Hog Ball Check 5.5 20 4.694 4.867 4.375 1 18 1.125 10,000 250

Boss Hog Ball Check 5.5 23 4.577 4.764 3.650 1 18 1.125 10,000 250

Boss Hog Ball in Place 4.5 13.5 3.852 3.992 3.500 0.625 16 0.938 10,000 250

Boss Hog Ball in Place 4.5 15.1 3.751 3.904 3.500 0.625 16 0.938 10,000 250

Boss Hog Ball in Place 4.5 16.6 3.673 3.836 3.500 0.625 16 0.938 10,000 250

Boss Hog Ball in Place 4.5 11.6 3.940 4.069 3.650 0.75 16.5 1.063 10,000 250

Boss Hog Ball in Place 4.5 13.5 3.852 3.992 3.650 0.75 16.5 1.063 10,000 250

Boss Hog Ball in Place 5 18 4.194 4.360 3.875 0.75 17 1.063 10,000 250

Boss Hog Ball in Place 5.5 26 4.446 4.651 4.125 0.875 18 1.125 10,000 250

Boss Hog Ball in Place 5.5 23 4.577 4.764 4.250 1 18 1.438 10,000 250

Boss Hog Ball in Place 5.5 17 4.818 4.975 4.375 1 18 1.438 10,000 250

Company/Product Casing Specifications Plug Specifications Operating Ranges

OD 
(inches)

Weight Range 
(lb/ft)

Min. ID 
(inches)

Max. ID 
(inches)

Plug OD 
(inches)

Min. ID 
(inches) 

Length 
(inches)

Ball Size 
(inches)

Pressure 
Rating (psi) 

Temperature 
Rating (F)

Blackhawk Specialty Tools (cont.)
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Boss Hog Ball in Place 5.5 20 4.694 4.867 4.375 1 18 1.438 10,000 250

Boss Hog Ball in Place 5.5 23 4.577 4.764 4.375 1 18 1.438 10,000 250

Boss Hog Bridge 4.5 13.5 3.852 3.992 3.500 0.625 16.5 N/A 10,000 250

Boss Hog Bridge 4.5 15.1 3.751 3.904 3.500 0.625 16.5 N/A 10,000 250

Boss Hog Bridge 4.5 16.6 3.673 3.836 3.500 0.625 16.5 N/A 10,000 250

Boss Hog Bridge 4.5 11.6 3.940 4.069 3.650 0.75 16.8 N/A 10,000 250

Boss Hog Bridge 4.5 13.5 3.852 3.992 3.650 0.75 16.8 N/A 10,000 250

Boss Hog Bridge 5 18 4.194 4.360 3.875 0.75 17.3 N/A 10,000 250

Boss Hog Bridge 5.5 26 4.446 4.651 4.125 0.875 18.2 N/A 10,000 250

Boss Hog Bridge 5.5 23 4.577 4.764 4.250 1 18.4 N/A 10,000 250

Boss Hog Bridge 5.5 17 4.818 4.975 4.375 1 18.6 N/A 10,000 250

Boss Hog Bridge 5.5 20 4.694 4.867 4.375 1 18.6 N/A 10,000 250

Boss Hog Bridge 5.5 23 4.577 4.764 4.375 1 18.6 N/A 10,000 250

Refrac Boss Hog Ball Drop NA NA 3.194 3.5 3.063 0.5 16.5 1.438 15,000 250

Refrac Boss Hog  
Ball in Place

NA NA 3.194 3.5 3.063 0.5 16.5 0.875 15,000 250

Refrac ECO BOSS Ball Drop NA NA 3.194 3.5 3.063 0.5 17.3 1.438 15,000 250

Refrac ECO BOSS  
Ball in Place

NA NA 3.194 3.5 3.063 0.5 17.3 0.875 15,000 250

Refrac ECO BOSS  
Ball Bridge

NA NA 3.194 3.5 3.063 0.5 17.6 N/A 15,000 250

Refrac ECO Hybrid  
Ball Drop

NA NA 3.194 3.5 3.063 0.5 16.3 1.438 15,000 250

Refrac ECO Hybrid  
Ball in Place

NA NA 3.194 3.5 3.063 0.5 16.3 0.875 15,000 250

XTENDED Range Ball Drop 4.5 11.6 3.94 4.069 3.063 0.5 25.2 1.438 10,000 250

XTENDED Range  
all in Place

4.5 11.6 3.94 4.069 3.063 0.5 25.2 0.875 10,000 250

XTENDED Range Ball Drop 4.5 13.5 3.852 3.992 3.063 0.5 25.1 1.438 10,000 250

XTENDED Range  
all in Place

4.5 13.5 3.852 3.992 3.063 0.5 25.1 0.875 10,000 250

XTENDED Range Ball Drop 4.5 15.1 3.751 3.904 3.063 0.5 24 1.438 10,000 250

XTENDED Range  
Ball in Place

4.5 15.1 3.751 3.904 3.063 0.5 24 0.875 10,000 250

Refrac Boss Hog Plug  
Ball drop

NA NA 2.813 3.194 2.688 0.5 17.9 1.438 15,000 250

Refrac Boss Hog Plug Ball 
in Place

NA NA 2.813 3.194 2.688 0.5 17.9 0.875 15,000 250

Refrac ECO Boss Plug Ball 
Drop

NA NA 2.813 3.194 2.688 0.5 18 1.438 15,000 250

Refrac ECO Boss Plug Ball 
in Place

NA NA 2.813 3.194 2.688 0.5 17.9 0.875 15,000 250

Refrac ECO Hybrid Plug 
Ball drop

NA NA 2.813 3.194 2.688 0.5 17.6 1.438 15,000 250

Refrac ECO Hybrid Plug  
Ball in Place

NA NA 2.813 3.194 2.688 0.5 17.6 0.875 15,000 250

XTENDED Range Ball Drop 5.5 17 4.818 4.975 3.75 0.5 25 2 10,000 250

XTENDED Range  
Ball in Place

5.5 17 4.818 4.975 3.75 0.5 25 1.063 10,000 250

XTENDED Range Ball Drop 5.5 20 4.694 4.867 3.75 0.5 25 2 10,000 250

XTENDED Range  
Ball in Place

5.5 20 4.694 4.867 3.75 0.5 25 1.063 10,000 250

XTENDED Range Ball Drop 5.5 23 4.577 4.764 3.75 0.5 25 2 10,000 250

XTENDED Range  
Ball in Place

5.5 23 4.577 4.764 3.75 0.5 25 1.063 10,000 250

ECO Boss Ball Drop 4.5 13.5 3.852 3.992 3.5 0.75 15.9 1.75 10,000 250

ECO Boss Ball in Place 4.5 13.5 3.852 3.992 3.5 0.625 16.4 0.938 10,000 250

ECO Boss Ball Drop 4.5 15.1 3.751 3.904 3.5 0.75 15.9 1.75 10,000 250

ECO Boss Ball in Place 4.5 15.1 3.751 3.904 3.5 0.625 16.4 0.938 10,000 250

ECO Boss Ball Drop 4.5 16.6 3.673 3.836 3.5 0.75 15.9 1.75 10,000 250

ECO Boss Ball in Place 4.5 16.6 3.673 3.836 3.5 0.625 16.4 0.938 10,000 250

ECO Boss Ball Drop 4.5 11.6 3.94 4.069 3.65 0.75 16.6 1.875 10,000 250

ECO Boss Ball in Place 4.5 11.6 3.94 4.069 3.65 0.75 16.6 1.063 10,000 250

FRAC PLUGS,  

BALLS & SLEEVES

Company/Product Casing Specifications Plug Specifications Operating Ranges
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ECO Boss Ball Drop 4.5 13.5 3.852 3.992 3.65 0.75 16.6 1.875 10,000 250

ECO Boss Ball in Place 4.5 13.5 3.852 3.992 3.65 0.75 16.6 1.063 10,000 250

ECO Boss Ball Drop 5 18 4.194 4.36 3.875 0.875 17 2 10,000 250

ECO Boss Ball in Place 5 18 4.194 4.36 3.875 0.75 17 1.063 10,000 250

ECO Boss Ball Drop 5.5 26 4.446 4.651 4.125 0.875 17.7 1.875 10,000 250

ECO Boss Ball in Place 5.5 26 4.446 4.651 4.125 0.875 17.7 1.125 10,000 250

ECO Boss Ball Drop 5.5 23 4.577 4.764 4.25 1.25 18 2.125 10,000 250

ECO Boss Ball in Place 5.5 23 4.577 4.764 4.25 1 18 1.438 10,000 250

ECO Boss Ball Drop 5.5 17 4.818 4.975 4.375 1.25 18.1 2.125 10,000 250

ECO Boss Ball in Place 5.5 17 4.818 4.975 4.375 1 18.6 1.438 10,000 250

ECO Boss Ball Drop 5.5 20 4.694 4.867 4.375 1.25 18.1 2.125 10,000 250

ECO Boss Ball in Place 5.5 20 4.694 4.867 4.375 1 18.6 1.438 10,000 250

ECO Boss Ball Drop 5.5 23 4.577 4.764 4.375 1.25 18.1 2.125 10,000 250

ECO Boss Ball in Place 5.5 23 4.577 4.764 4.375 1 18.6 1.438 10,000 250

ECO Hybrid Ball Drop 4.5 13.5 3.852 3.992 3.5 0.625 16.4 1.75 10,000 250

ECO Hybrid Ball in Place 4.5 13.5 3.852 3.992 3.5 0.625 16.4 0.938 10,000 250

ECO Hybrid Ball Drop 4.5 15.1 3.751 3.904 3.5 0.625 16.4 1.75 10,000 250

ECO Hybrid Ball in Place 4.5 15.1 3.751 3.904 3.5 0.625 16.4 0.938 10,000 250

ECO Hybrid Ball Drop 4.5 16.6 3.673 3.836 3.5 0.625 16.4 1.75 10,000 250

ECO Hybrid Ball in Place 4.5 16.6 3.673 3.836 3.5 0.625 16.4 0.938 10,000 250

ECO Hybrid Ball Drop 4.5 11.6 3.94 4.069 3.65 0.75 16.3 1.875 10,000 250

ECO Hybrid Ball in Place 4.5 11.6 3.94 4.069 3.65 0.75 16.3 1.063 10,000 250

ECO Hybrid Ball Drop 4.5 13.5 3.852 3.992 3.65 0.75 16.3 1.875 10,000 250

ECO Hybrid Ball in Place 4.5 13.5 3.852 3.992 3.65 0.75 16.3 1.063 10,000 250

ECO Hybrid Ball Drop 5 18 4.194 4.36 3.875 0.875 17 2 10,000 250

ECO Hybrid Ball in Place 5 18 4.194 4.36 3.875 0.75 17 1.063 10,000 250

ECO Hybrid Ball Drop 5.5 23 4.577 4.764 4.25 1.25 18 2.125 10,000 250

ECO Hybrid Ball in Place 5.5 23 4.577 4.764 4.25 1 18 1.438 10,000 250

ECO Hybrid Ball Drop 5.5 17 4.818 4.975 4.375 1.25 18.3 2.125 10,000 250

ECO Hybrid Ball in Place 5.5 17 4.818 4.975 4.375 1 18.3 1.438 10,000 250

ECO Hybrid Ball Drop 5.5 20 4.694 4.867 4.375 1.25 18.3 2.125 10,000 250

ECO Hybrid Ball in Place 5.5 20 4.694 4.867 4.375 1 18.3 1.438 10,000 250

ECO Hybrid Ball Drop 5.5 23 4.577 4.764 4.375 1.25 18.3 2.125 10,000 250

ECO Hybrid Ball in Place 5.5 23 4.577 4.764 4.375 1 18.3 1.438 10,000 250

Energy Fishing and Rental Services

Triumph Composite Frac 
Plug (TCFP-1)

4.5 13.5 to 15.1 3.400 1 14 10,000 300

TCFP-1 4.5 11.6 to 13.5 3.600 1 14 10,000 300

TCFP-1 5 18 to 21.4 3.850 1 14 10,000 300

TCFP-1 5.5 23 to 26.8 4.130 1.25 16 10,000 300

TCFP-1 5.5 17 to 23 4.380 1.25 16 10,000 300

TCFP-1 5.5 15.5 to 17 4.550 1.25 16 10,000 300

TCFP-1 6 23 to 26 4.800 1.5 16 10,000 300

TCFP-2 4.5 13.5 to 15.1 3.400 1 14 10,000 300

TCFP-2 4.5 11.6 to 13.5 3.600 1 14 10,000 300

TCFP-2 5 18 to 21.4 3.850 1 14 10,000 300

TCFP-2 5.5 23 to 26.8 4.130 1.25 16 10,000 300

TCFP-2 5.5 17 to 23 4.380 1.25 16 10,000 300

TCFP-2 5.5 15.5 to 17 4.550 1.25 16 10,000 300

TCFP-2 6 23 to 26 4.800 1.5 16 10,000 300

TCFP-5 4.5 11.6 to 13.5 3.600 1 14 10,000 250

TCFP-5 5.5 15.5 to 17 4.550 1.25 16.75 10,000 250

TCFP-5 5.5 20 to 23 4.380 1.25 16.25 10,000 250

TCFP-5 6 23 to 26 4.800 1.5 17.57 10,000 250

Forum Energy Technologies

ProDrill Express Series 3.5 9.2 to 12.95 2.725 0.625 18.73 0.625 10,000 300

ProDrill Express Series 4.5 15.1 to 17.1 3.440 0.75 25.24 0.75 10,000 300 to 350

ProDrill Express Series 4.5 9.5 to 13.5 3.609 0.75 25.33 0.75 10,000 300 to 350

ProDrill Express Series 4.5 9.5 to 13.5 3.609 0.75 25.33 0.75 8,000 275

FRAC PLUGS,  

BALLS & SLEEVES
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ProDrill Express Series 5 18 to 23.2 3.688 0.75 26.67 0.75 10,000 300

ProDrill Express Series 5.5 23 to 26 4.200 1 25.73 1 10,000 300

ProDrill Express Series 5.5 17 to 23 4.416 0.99 18.94 1 10,000 300

ProDrill Express Series 5.5 15.5 to 23 4.425 1 24.5 1 10,000 300 to 350

ProDrill Express Series 5.5 15.5 to 23 4.425 1 24.5 1 8,000 275

ProDrill Express Series 7 23 to 32 5.630 1.5 34.1 1.5 10,000 300

ProDrill Express Series 7 23 to 32 5.635 1.5 34.1 1.5 8,000 275

ProDrill Express Series 7 17 to 20 6.000 1.5 34.1 1.5 10,000 300

ProDrill Express Series 7 17 to 20 6.005 1.5 34.1 1.5 8,000 275

Gryphon Oilfield Solutions

Trident SC Composite 4.5 13.5 to 15.1 3.440 0.75 18.15 1.75 10,000 300

Trident SC Composite 4.5 9.5 to 13.5 3.608 0.75 21.93 1.75 10,000 300

Trident SC Composite 5.5 20 to 23 4.250 0.75 17 2.25 10,000 275

Trident SC Composite 5.5 17 to 26 4.390 1.5 20.62 2.25 10,000 300

Trident Hybrid Composite 5.5 20 to 23 4.250 0.77 16.75 2.25 10,000 300

Trident Hybrid Composite 5.5 17 to 26 4.390 1.5 16.75 2.25 10,000 275

Trident Total Composite 5.5 20 to 23 4.250 0.75 16.75 2.25 8,000 250

Trident Total Composite 6 24.5 4.850 0.758 16.75 2.25 8,000 175

Trident X Composite 4.5 13.5 to 15.1 3.500 1 14.27 1.25 10,000 225

Halliburton

Declined to participate in the survey.

Innovex

TOMCAT 5.5 20 to 23 4.380 <18 8,000 250

TOMCAT Hybrid 4.5 11.6 3.400 <18 8,000 250

TOMCAT Hybrid 4.5 13.5 to 15.1 3.600 <18 10,000 250

TOMCAT Hybrid 5 18 3.850 <18 10,000 250

TOMCAT Hybrid 5.5 23 to 26.8 4.130 <18 10,000 250

TOMCAT Hybrid 5.5 17 to 23 4.380 <18 10,000 250

Magnum Oil Tools

Generation 2 Long  
Range Series

4.5 15.1 to 21.6 3.500 3.826 3.060 0.5 35 2.13 10,000 250 to 300

Generation 2 Long  
Range Series

4.5 9.5 to 18.8 3.640 4.090 3.190 0.5 35 2.13 10,000 250 to 300

Generation 2 Long  
Range Series

5 18 to 21.4 4.126 4.276 3.500 0.5 34.3 2.13 10,000 250 to 300

Generation 2 Long  
Range Series

5.5 20 to 32.6 4.250 4.778 3.750 0.5 34.1 2.13 10,000 250 to 300

Generation 2 Long  
Range Series

5.5 17 to 26.8 4.500 4.892 3.920 0.5 31.8 2.13 10,000 250 to 300

Magnum Series  4 9.5 to 11 3.480 3.550 3.190 1.25 26 1.75
8,000 to 
10,000

250 to 375

Magnum Series  4.5 9.5 to 13.5 3.920 4.090 3.570 1.25 26 1.75
8,000 to 
10,000

250 to 375

Magnum Series  4.5 15.1 to 17.1 3.740 3.830 3.440 1.25 26 1.75
8,000 to 
10,000

250 to 375

Magnum Series  5 23.2 4.040 4.040 3.570 1.25 26 1.75
8,000 to 
10,000

250 to 375

Magnum Series  5 20.3 to 21.4 4.130 4.180 3.750 1.25 26 1.75
8,000 to 
10,000

250 to 375

Magnum Series  5 11.5 to 18 4.280 4.560 3.920 1.25 26 1.75
8,000 to 
10,000

250 to 375

Magnum Series  5.5 14 5.010 5.010 4.600 1.8 28 2.13
8,000 to 
10,000

250 to 375

Magnum Series  5.5 15.5 to 23 4.670 4.950 4.300 1.8 28 2.13
8,000 to 
10,000

250 to 375

Magnum Series  5.5 23 to 28.4 4.440 4.670 4.130 1.8 28 2.13
8,000 to 
10,000

250 to 375

Magnum Series  6.625 24 to 32 5.680 5.920 5.380 2.5 31.5 2.75
8,000 to 
10,000

250 to 375

Magnum Series  7 17 to 23 6.370 6.540 5.950 2.5 31.5 2.75
8,000 to 
10,000

250 to 375

Magnum Series  7 23 to 35 6.000 6.370 5.750 2.5 31.5 2.75
8,000 to 
10,000

250 to 375

FRAC PLUGS,  

BALLS & SLEEVES
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Magnum Series  7.625 24 to 33.7 6.780 7.030 6.250 2.5 31.5 2.75
8,000 to 
10,000

250 to 375

Magnum Series  8.625 28 to 40 7.730 8.020 7.380 2.13 36 2.5 5,000 250 to 350

Magnum Series  9.625 32.3 to 40 8.840 9.000 8.380 2.5 40 3 5,000 250 to 350

Magnum Series  9.625 43.5 to 53.5 8.540 8.760 8.130 2.5 40 3 5,000 250 to 350

Magnum Series HPHT 4.5 18.9 3.640 3.640 3.250 1.25 26.5 1.75 15,000 375

Magnum Series HPHT 4.5 15.1 to 17.1 3.740 3.830 3.440 1.25 26.5 1.75 15,000 375

Magnum Series HPHT 4.5 9.5 to 13.5 3.920 4.090 3.570 1.25 26.5 1.75 15,000 375

Magnum Series HPHT 5 23.2 4.040 4.040 3.570 1.25 26.5 1.75 15,000 375

Magnum Series HPHT 5 20.3 to 21.4 4.130 4.180 3.750 1.25 26.5 1.75 15,000 375

Magnum Series HPHT 5 11.5 to 18 4.280 4.560 3.920 1.25 26.5 1.75 15,000 375

Magnum Series HPHT 5.5 23 4.670 4.670 4.250 1.25 27.5 2.13 15,000 375

Magnum ACE 4.5 15.1 to 17.1 3.750 3.830 3.440 0.75 22.4 1.75 10,000 250

Magnum ACE 4.5 9.5 to 13.5 3.920 4.090 3.570 0.75 22.4 1.75 10,000 250

Magnum ACE 5 23.2 to 24.1 4.000 4.040 3.570 0.75 22.4 1.75 10,000 250

Magnum ACE 5 11.5 to 18 4.280 4.560 3.920 0.75 22.4 1.75 10,000 250

Magnum ACE 5.5 23 to 26.8 4.500 4.670 4.130 1.13 21.6 2.13 10,000 250

Magnum ACE 5.5 15.5 to 23 4.670 4.950 4.300 1.13 21.4 2.13 10,000 250

Magnum ACE 5.5 15.5 to 20 4.670 4.950 4.300 1.13 21.8 2.13 10,000 300

Snub Nose 4 9.5 to 11 3.480 3.550 3.190 0.5 24 to 24.8 2.13
8,000 to 
10,000

250

Snub Nose 4.5 9.5 to 13.5 3.920 4.090 3.570 0.5 24 to 24.8 2.13
8,000 to 
10,000

250 to 300

Snub Nose 4.5 15.1 to 17.1 3.750 3.830 3.440 0.5 24 to 24.8 2.13
8,000 to 
10,000

250 to 300

Snub Nose 5 23.2 4.040 4.040 3.570 0.5 24 to 24.8 2.13
8,000 to 
10,000

250 to 300

Snub Nose 5 11.5 to 18 4.280 4.560 3.920 0.5 24 to 24.8 2.13
8,000 to 
10,000

250

Snub Nose 5.5 14 5.010 5.010 4.600 0.5 21 to 22.7 2.13
8,000 to 
10,000

250

Snub Nose 5.5 15.5 to 23 4.670 4.950 4.300 0.5 21 to 22.7 2.13
8,000 to 
10,000

250 to 300

Snub Nose 5.5 23 to 26.8 4.500 4.670 4.130 0.5 21 to 22.7 2.13
8,000 to 
10,000

250 to 300

Snub Nose 7 17 to 23 6.370 6.540 5.950 0.5 28 2.75 8,000 250

Snub Nose 7 23 to 32 6.090 6.370 0.067 0.5 28 2.75 8,000 250

Snub Nose 13.375 54.5 12.620 12.620 12.000 N/A 41.1 N/A 1,500 250

Snub Nose CTS 4.5 9.5 to 13.5 3.920 4.090 3.570 1 21.6 2.13 10,000 150

Snub Nose CTS 5.5 15.5 to 23 4.670 4.950 4.300 1 18.4 2.13 6,000 250

National Oilwell Varco

Setter Composite Frac Plug 4.5 11.6 to 13.5 3.660 1 17 10,000 250

Setter Composite Frac Plug 5.5 17 to 23 4.375 1 18 9,000 250

Nexgen Oil Tools

VORTEX Fast Drill  
Ball Drop Plug

4.5 11.6 to 15.1 10,000 250 to 350

VORTEX Fast Drill  
Bridge Plug

4.5 11.6 to 15.1 10,000 250 to 350

VORTEX Fast Drill Caged 
Ball Plug

4.5 11.6 to 15.1 10,000 250 to 350

VORTEX Fast Drill  
Ball Drop Plug

5.5 20 to 26.8 10,000 250 to 350

VORTEX Fast Drill  
Bridge Plug

4.5 21 to 26.8 10,000 250 to 350

VORTEX Fast Drill Caged 
Ball Plug

4.5 22 to 26.8 10,000 250 to 350

Nine Energy Service

Scorpion Frac Plug 3.5 9.2 to 9.3 2.720 1 20 10,000 300

Scorpion Frac Plug 4 9.5 to 11 3.120 1 22 10,000 300

Scorpion Frac Plug 4.5 13.5 to 15.1 3.420 1 22 10,000 300

Scorpion Frac Plug 4.5 11.6 to 15.1 3.600 1 22 10,000 300

Scorpion Frac Plug 5.5 20 to 26 4.180 1 22 10,000 300

FRAC PLUGS,  

BALLS & SLEEVES
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Scorpion Frac Plug 5.5 17 to 23 4.370 1 22 10,000 300

Scorpion Extended-Range 
Frac Plug

4 2.750 3.350 2.600 0.75 30 10,000 300

Scorpion Extended-Range 
Frac Plug

4.5 3.250 4.000 3.120 0.75 33 10,000 300

Scorpion Extended-Range 
Frac Plug

5.5 3.900 4.780 3.780 0.75 33 10,000 300

Oil States International/GEODynamics

FracDock Intervention-Free 3.5 9.2 to 10.2 2.720 1.25 N/A 0.88

FracDock Intervention-Free 4.5 11.6 3.710 3.11 15 3.5 7,000

FracDock Intervention-Free 4.5 13 3.630 3.02 15.12 3.375 8,000

FracDock Intervention-Free 4.5 15.1 3.530 3.53 15.25 3.375

FracDock Intervention-Free 5.5 17 4.630 4.02 15.36 4.375 6,000

FracDock Intervention-Free 5.5 20 4.500 3.9 15.36 4.25 6,500

FracDock Intervention-Free 5.5 23 4.380 3.77 15.36 4.25 7,000

FracDock Intervention-Free 5.5 26.8 4.290 3.62 15.28 4.125 8,000

EVOLV I Full Composite 3.5 9.2 to 10.2 2.920 2.990 2.720 0.63 19.28 0.88 10,000 300

EVOLV I Full Composite 4.5 11.6 to 15.1 3.830 4.090 3.500 1 22.23 1.38 8,000 300

EVOLV I Full Composite 4.5 11.6 to 15.1 3.830 4.090 3.500 1 22.23 1.38 10,000 300

EVOLV I Full Composite 5.5 17 to 23 4.670 4.890 4.380 1 24 1.5 8,000 300

EVOLV I Full Composite 5.5 17 to 23 4.670 4.890 4.380 1 24 1.5 10,000 300

EVOLV II Hybrid Slip 4.5 11.6 to 15.1 3.830 4.090 3.500 1 20.12 1.58 10,000 300

EVOLV II Hybrid Slip 5.5 17 to 23 4.670 4.890 4.380 1 21.87 1.5 10,000 300

OSO Perforating

Composite Frac Plug 4.5 10.5 4.052 3.580 1.75 10,000 375

Composite Frac Plug 4.5 11.6 4.000 3.580 1.75 15,000 375

Composite Frac Plug 4.5 12.6 3.958 3.580 1.75 10,000 375

Composite Frac Plug 4.5 13.5 3.920 3.580 1.75 10,000 375

Composite Frac Plug 4.5 15.1 3.826 3.580 1.75 10,000 375

Composite Frac Plug 5 11.5 4.560 4.240 1.875 10,000 375

Composite Frac Plug 5 13 4.494 4.240 1.875 10,000 375

Composite Frac Plug 5 18 4.276 3.580 1.75 10,000 375

Composite Frac Plug 5 21.4 4.126 3.580 1.75 10,000 375

Composite Frac Plug 5.5 14 5.012 4.240 1.875 10,000 375

Composite Frac Plug 5.5 15.5 4.950 4.240 1.875 10,000 375

Composite Frac Plug 5.5 17 4.892 4.240 1.875 10,000 375

Composite Frac Plug 5.5 20 4.778 4.240 1.875 10,000 375

Composite Frac Plug 5.5 23 4.670 4.240 1.875 10,000 375

Composite Frac Plug 5.5 26 4.548 4.240 1.875 10,000 375

Parveen Industries Pvt. Ltd.

Big Bore Frac Plug 4.5 9.5 to 13.5 3.920 4.090 3.718 10,000 325

Big Bore Frac Plug 5.5 13 to 17 4.812 5.044 4.500 10,000 325

Big Bore Frac Plug 6 17 to 20 6.004 6.366 5.687 10,000 325

Big Bore Frac Plug 7 23 to 35 6.004 6.366 5.687 10,000 325

Peak Completions

FracDart 4.5 10.5 to 11.6 3.750 1.375 17.13 1.625 10,000 350

FracDart 4.5 11.6 to 13.5 3.656 1.375 17.13 1.625 10,000 350

FracDart 4.5 13.5 to 15.1 3.531 1.375 17.13 1.625 10,000 350

FracDart 5 15 to 18 4.000 1.375 17.13 1.75 10,000 350

FracDart 5 18 to 21.4 3.875 1.375 17.13 1.75 10,000 350

FracDart 5.5 15.5 to 17 4.625 2 18.38 2.25 10,000 350

FracDart 5.5 17 to 20 4.500 2 18.38 2.25 10,000 350

FracDart 5.5 20 to 23 4.375 2 18.38 2.25 10,000 350

FracDart 5.5 23 to 26 4.250 2 18.38 2.25 10,000 350

Warden Ball Drop 4.5 9.5 to 13.5 3.660 1 20 2 10,000 350

Warden Ball Drop 4.5 15.1 to 17.1 3.440 1 20.5 2 10,000 350

Warden Ball Drop 5 15 to 21.4 3.840 1 20 2 10,000 350

Warden Ball Drop 5.5 15.5 to 23 4.370 1 20.06 2 10,000 350

Warden Ball Drop 5.5 23-26 4.250 1 20.06 2 10,000 350

FRAC PLUGS,  
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Repeat Precision LLC

PurpleSeal PS-4 4.5 11.6 to 13.5 3.600 1 14 8,000 200

PurpleSeal PS-4 5.5 20 to 23 4.380 1.25 16.25 8,000 200

PurpleSeal PS-4 5.5 15.5 to 17 4.550 1.25 16.75 8,000 200

PurpleSeal Express 4.5 11.6 to 13.5 3.600 1 14 8,000 200

PurpleSeal Express 5.5 20 to 23 4.380 1.25 16.25 8,000 200

PurpleSeal PSX 5.5 20 to 23 4.380 1.25 16.25 8,000 200

PurpleSeal PSX 5.5 17 4.380 1.25 16.75 8,000 200

Rubicon Oilfield

RzrFRAC Frac Plug 4 9.5 to 11.6 3.250 12.625 10,000 300

RzrFRAC Frac Plug 4.5 11.6 to 13.5 3.650 13 10,000 300

RzrFRAC Frac Plug 4.5 15.1 to 17 3.550 13 10,000 300

RzrFRAC Frac Plug 5 13 to 15 4.144 13.375 10,000 300

RzrFRAC Frac Plug 5 18 to 20.3 3.926 13.375 10,000 300

RzrFRAC Frac Plug 5 20.3 to 23.2 3.835 13 10,000 300

RzrFRAC Frac Plug 5.5 17 to 20 4.608 13 10,000 300

RzrFRAC Frac Plug 5.5 SH 17 4.425 14.825 10,000 300

RzrFRAC Frac Plug 5.5 20 to 23 4.500 13 10,000 300

RzrFRAC Frac Plug 5.5 23 to 26 4.270 14.47 10,000 300

RzrFRAC Frac Plug 6 24.5 4.750 14.79 10,000 300

Schlumberger

FracXion Micro 4.5 11.6 to 15.1 3.500 0.906 13.64 10,000 225

FracXion Micro 5.5 17 to 23 4.380 1.25 16.35 10,000 225

FracXion Ultra HPHT 4.5 11.6 to 15.1 3.625 0.86 23.9 1.375 12,000 350

Diamondback 4.5 13.5 to 18.8 3.437 0.86 25.1 10,000 275

Diamondback 4.5 13.5 to 18.8 3.437 0.86 25.1 10,000 275

Diamondback 4.5 11.6 to 15.1 3.625 0.86 26 10,000 275

Diamondback 5 18 to 23.2 3.820 0.86 26.6 10,000 275

Diamondback 5 18 to 23.2 3.820 0.86 26.6 10,000 350

Diamondback 5.5 17 to 23 4.380 1.14 31.2 10,000 275

Diamondback 5.5 17 to 23 4.380 1.14 31.2 10,000 350

Diamondback 5.5 23 to 26.8 4.205 1.14 29.5 10,000 275

Diamondback 5.5 23 to 26.8 4.205 1.14 29.5 10,000 350

Diamondback SL 4.5 11.6 to 15.1 3.500 0.87 13.1 1.25 10,000 275

Diamondback SL 5.5 17 to 23 4.380 1.13 15 1.75 10,000 275

Copperhead 2.875 6.5 2.250 10,000 350

Copperhead 2.875 7.9 to 8.7 2.125 10,000 350

Copperhead 3.5 9.3 to 10.3 2.720 10,000 350

Copperhead 3.5 12.95 2.562 10,000 350

Copperhead 4.5 11.6 tp 15.1 3.625 10,000 350

Copperhead 5.5 15.5 4.390 7,000 350

Copperhead 5.5 17 to 23 4.390 10,000 350

Copperhead 7 20 to 26 6.000 10,000 350

Copperhead 7 26 to 35 5.750 10,000 350

Copperhead Extreme 4.5 15.1 3.440 13,000 400

Copperhead Extreme 4.5 16.6 to 18.9 3.440 15,000 400

Copperhead Extreme 4.5 21.6 to 23.7 3.193 15,000 400

Copperhead Extreme 5 18 to 21.4 3.875 15,000 400

Copperhead Extreme 5 23.2 to 24.2 3.770 15,000 400

Copperhead Extreme 5.5 26 4.250 15,000 400

Copperhead Slim 4.5 13.5 to 18.8 3.190 10,000 250

Titan Petro Services

Razrback Frac Plug 4.5 9.5 to 15.1 3.826 4.090 3.609 19.125 6,000 250

Razrback Frac Plug 4.5 9.5 to 15.1 3.826 4.090 3.609 22.68
8,000 to 
10,000

275 to 300

Razrback Frac Plug 4.5 9.5 to 15.1 3.826 4.090 3.609 19.375 6,000 250

Razrback Frac Plug 4.5 9.5 to 15.1 3.826 4.090 3.609 23.4
8,000 to 
10,000

275 to 300

Razrback Frac Plug 5.5 13 to 23 4.580 5.044 4.425 21.5 6,000 250
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Razrback Frac Plug 5.5 13 to 23 4.580 5.044 4.425 24
8.000 to 
10,000

275 to 300

Razrback Frac Plug 5.5 13 to 23 4.580 5.044 4.425 21.75 6,000 250

Razrback Frac Plug 5.5 13 to 23 4.580 5.044 4.425 24.25
8,000 to 
10,000

275 to 300

Razrback Ball Drop  
Frac Plug

4.5 9.5 to 15.1 3.826 4.090 3.609 19.125 6,000 250

Razrback Ball Drop  
Frac Plug

4.5 9.5 to 15.1 3.826 4.090 3.609 22.68
8,000 to 
10,000

275 to 300

Razrback Ball Drop  
Frac Plug

5.5 13 to 23 4.580 5.044 4.425 21.5 6,000 250

Razrback Ball Drop  
Frac Plug

5.5 13 to 23 4.580 5.044 4.425 24
8,000 to 
10,000

275 to 300

Razrback Bridge Plug 4.5 9.5 to 15.1 3.826 4.090 3.609 19.125 6,000 250

Razrback Bridge Plug 4.5 9.5 to 15.1 3.826 4.090 3.609 22.68
8,000 to 
10,000

275 to 300

Razrback Bridge Plug 5.5 13 to 23 4.580 5.044 4.425 21.5 6,000 250

Razrback Bridge Plug 5.5 13 to 23 4.580 5.044 4.425 24
8,000 to 
10,000

275 to 300

Razrback Caged Ball  
Frac Plug

4.5 9.5 to 15.1 3.826 4.090 3.609 19.375 6,000 250

Razrback Caged Ball  
Frac Plug

4.5 9.5 to 15.1 3.826 4.090 3.609 23.4
8,000 to 
10,000

275 to 300

Razrback Caged Ball  
Frac Plug

5.5 13 to 23 4.580 5.044 4.425 21.5 6,000 250

Razrback Caged Ball  
Frac Plug

5.5 13 to 23 4.580 5.044 4.425 24
8,000 to 
10,000

275 to 300

Vertechs Oil and Gas Technology Co. Ltd.

Phantom Hybrid Big Bore 
Bridge Plug

4.5 13.5 3.562 1.968 10,000 302

Phantom Hybrid Big Bore 
Bridge Plug

5.5 26 to 26.8 4.063 2.25 10,000 302

Vigor USA LLC/Ultron Frac Plugs

Ultron Frac Plug 4.5 11.6 to 13.5 3.627 3.992 3.500 0.75 21.3 15,000 325

Ultron Frac Plug 4.5 11.6 to 13.5 3.627 3.992 3.500 0.75 21.3 10,000 325

Ultron Frac Plug 5.5 17 to 20 4.778 4.892 4.370 2.08 22.3 10,000 325

Ultron Frac Plug 5.5 20 to 23 4.670 4.778 4.370 2 22.3 10,000 325

Ultron Frac Plug 5.5 17 to 20 4.778 4.892 4.370 1.58 23.5 10,000 325

Ultron Frac Plug 5.5 20 to 23 4.778 4.892 4.370 2 22.3 15,000 325

Ultron Frac Plug 5.5 20 to 23 4.670 4.778 4.370 1.58 23.5 15,000 325

Weatherford

Minima Composite  
Frac Plug

4.5 11.6 to 13.5 3.66 14.5 10,000 250

Minima Composite  
Frac Plug

5.5 20 to 23 4.375 17.25 10,000 250

Minima Composite 
Frac Plug

5.5 20 to 23 4.375 12 10,000 250

Shorty Composite Frac Plug 4.5 11.6 to 13.5 3.660 0.81 19 8,000 250

Shorty Composite Frac Plug 5.5 17 to 23 4.380 1.31 21.4 8,000 250

Shorty Composite Frac Plug 5.5 20 to 23 4.380 0.81 22.05 10,000 250

Yellow Jacket Oil Tools, division of G&H Diversified Manufacturing

M 1 Frac Plug 4.5 11.6 to 13.5 3.6 0.75 13.375 10,000 250

M 1 Frac Plug 5.5 17 to 23 4.4 1 14.375 10,000 250
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Titan Petro Services (cont.)

Editor’s Note: All data accurate as of November 2018.
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Company/Product Casing Specifications Plug Specifications Operating Ranges Material
Medium 

for  
Dissolving

OD 
(inches)

Weight 
Range 
(lb/ft)

Min. ID 
(inches)

Max. ID 
(inches)

Plug OD 
(inches)

Min. ID 
(inches) 

Length 
(inches)

Ball OD 
(inches)

Pressure 
Rating 
(psi) 

Tempera-
ture Rating  

(F)

Baker Hughes, a GE company

SPECTRE Disintegrat-
ing Frac Plug

4.5
11.6 to 

13.5
3.680 10,000 100 to 330 IN-Tallic

SPECTRE Disintegrat-
ing Frac Plug

4.5
13.5 to 

15.1
3.600 10,000 100 to 330 IN-Tallic

SPECTRE Disintegrat-
ing Frac Plug

5
18 to 
21.4

3.960 10,000 100 to 330 IN-Tallic

SPECTRE Disintegrat-
ing Frac Plug

5.5
20 to 

23
4.380 10,000 100 to 330 IN-Tallic

SPECTRE Disintegrat-
ing Frac Plug

5.5
26 to 
26.8

4.100 10,000 100 to 330 IN-Tallic

Christensen Roder

El Tapon Soluble 
Double XL

4.5
9.5 to 
15.1

3.300 1 33
1.75 to 

2.5
10,000 Magnesium alloy

Water with 
1% chloride

El Tapon Soluble 
Double XL

5.5
18 to 
24.2

3.400 1 33
1.75 to 

2.5
10,000 Magnesium alloy

Water with 
1% chloride

El Tapon Soluble X 
Factor

4.5
9.5 to 
15.1

3.4 to 
3.6

1 to 2 18
1.75 to 

2.5
10,000 Magnesium alloy

Water with 
1% chloride

El Tapon Soluble X 
Factor

5
18 to 
24.2

3.600 1 to 2 18
1.75 to 

2.5
10,000 Magnesium alloy

Water with 
1% chloride

El Tapon Soluble X 
Factor

5.5
20 to 
26.8

4.5 to 
4.25

1 to 2 18
1.75 to 

2.5
10,000 Magnesium alloy

Water with 
1% chloride

Forum Energy Technologies

CL Dissolvable  
Fracturing Plug

Gryphon Oilfield Solutions

Echo CL Dissolvable 
Frac Plug

4.5
11.2 to 

13.5
3.650 0.875 13.82 2.25 8,000 275

Magnesium alloys 
and elastomers

Brine

Echo CL Dissolvable 
Frac Plug

5.5  17-20 4.500 1.21 13.82 2.25 10,000 250
Magnesium alloys 

and elastomers
Brine

Echo CL Dissolvable 
Frac Plug

5.5
23 to 

26
4.270 1.21 13.82 2.25 8,500 250

Magnesium alloys 
and elastomers

Brine

Halliburton

Declined to participate in the survey.

Innovex Downhole Solutions

Swage Dissovable 
Plug      

4.5
11.6 to 

15.1
1.4 8 2.25 10,000 100 to 350

Swage Dissovable 
Plug

5
18 to 
21.4

1.4 8 2.25 10,000 100 to 350

Swage Dissovable 
Plug

5.5
17 to 

26
1.85 8 2.75 10,000 100 to 350

Swage Dissovable 
Plug

6 24.5 1.85 8 2.75 10,000 100 to 350

Kureha Energy Solutions

Kureha Degradable 
Plug

10,000 125 to 325 Magnesium alloy
Wellbore 

fluids

PGA Ball
0.5 to 

4.5
Wellbore 

fluids

Magnum Oil Tools

Magnum Hollow 
Point

5.5
15.5 to 

23
4.670 4.950 4.300 1.5 14.2 2.125 10,000 100 to 150 MOT alloy

Wellbore 
fluids

Magnum Vanishing 
Plug - Low Temp

4.5
9.5 to 
13.5

3.920 4.090 3.570 0.6 14 1.75 8,000 Polymer and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - Low Temp

5.5
15.5 to 

20
4.780 4.950 4.300 1 18.4 2.125 10,000 Polymer and alloy

Wellbore 
fluids

Magnum Vanishing 
Plug - Low Temp

5.5
15.5 to 

20
4.780 4.950 4.300 1.41 19.1 2.125 10,000 Polymer and alloy

Wellbore 
fluids

Magnum Vanishing 
Plug - Mid-Temp

4.5
9.5 to 
13.5

3.920 4.090 3.570 0.6 14.4
1.75 or 
2.125

8,000 MVP MT
Wellbore 

fluids

Magnum Vanishing 
Plug - Mid-Temp

5.5
15.5 to 

23
4.670 4.950 4.300 0.88 15.9 2.125 10,000 MVP MT

Wellbore 
fluids
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Magnum Vanishing 
Plug - High Temp

3.5
9.3 to 
10.2

2.920 2.990 2.730 0.46 13.7 1 10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

4 11.6 3.430 3.430 3.130 0.6 15.7 1.75 10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

4.5
15.1 to 

17.1
3.750 3.830 3.440 0.6 14.4

1.75 or 
2.125

10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

4.5
9.5 to 
13.5

3.920 4.090 3.570 0.6 14.4
1.75 or 
2.125

10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

5 23.2 4.040 4.040 3.570 0.6 14.4
1.75 or 
2.125

10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

5
20.3 to 

21.4
4.120 4.180 3.750 0.6 14.4

1.75 or 
2.125

9,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

5 18 4.280 4.280 3.900 0.6 14.4
1.75 or 
2.125

10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

5.5
23 to 
28.4

4.440 4.670 4.130 0.88 15.8 2.125 10,000
MVP HT polymer 

and alloy
Wellbore 

fluids

Magnum Vanishing 
Plug - High Temp

5.5
15.5 to 

23
4.670 4.950 4.300 0.88 15.9 2.125 10,000

MVP HT polymer 
and alloy

Wellbore 
fluids

National Oilwell Varco

Setter D Dissolvable 
Frac Plug

4.5
11.6 to 

15.1
3.5 0.75 21.66 10,000 250

Metallic dissolv-
able

Setter D Dissolvable 
Frac Plug

5 21.4 3.63 1 22.11 10,000 250
Metallic dissolv-

able

Setter D Dissolvable 
Frac Plug

5.5
17 to 

23
4.28 1.5 22.11 10,000 250

Metallic dissolv-
able

Setter D Dissolvable 
Frac Plug

5.5
26 to 
26.8

4.12 1.5 20.96 10,000 250
Metallic dissolv-

able

Nexgen Oil Tools

X-Factor Dissolvable 
Ball Drop Frac Plug

4.5
11.6 to 

15.1
350

Freshwater  
or 1% to  
3% KCl

X-Factor Dissolvable 
Bridge Frac Plug

4.5
11.6 to 

15.1
10,000 350

Freshwater  
or 1% to 
3% KCl

X-Factor Dissolvable 
Caged Ball Frac 

Plug
4.5

11.6 to 
15.1

10,000 350
Freshwater  
or 1% to  
3% KCl

X-Factor Dissolvable 
Ball Drop Frac Plug

5.5
20 to 
26.8

10,000 350
Freshwater  
or 1% to  
3% KCl

X-Factor Dissolvable 
Bridge Frac Plug

5.5
21 to 
26.8

10,000 350
Freshwater  
or 1% to  
3% KCl

X-Factor Dissolvable 
Caged Ball

5.5
22 to 
26.8

10,000 350
Freshwater 
or 1% to  
3% KCl

Schlumberger

Infinity 4.5 11.6 3.620 3 10,000 350
Patented alumi-
num-based alloy

Wellbore 
fluids

Infinity 4.5 13.5 3.540 3 10,000 350
Patented alumi-
num-based alloy

Wellbore 
fluids

Infinity 4.5 15.1 3.440 3 10,000 350
Patented alumi-
num-based alloy

Wellbore 
fluids

Infinity 5.5
17 to 

20
4.390 3.9 8,000 350

Patented alumi-
num-based alloy

Wellbore 
fluids

Infinity 5.5 23 4.290 3.9 8,000 350
Patented alumi-
num-based alloy

Wellbore 
fluids

Company/Product Casing Specifications Plug Specifications Operating Ranges Material
Medium 

for  
Dissolving

OD 
(inches)

Weight 
Range 
(lb/ft)

Min. ID 
(inches)

Max. ID 
(inches)

Plug OD 
(inches)

Min. ID 
(inches) 

Length 
(inches)

Ball OD 
(inches)

Pressure 
Rating 
(psi) 

Tempera-
ture Rating  

(F)

Magnum Oil Tools (cont.)
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Infinity 5.5
26 to 
26.8

4.120 3.9 8,000 350
Patented alumi-
num-based alloy

Wellbore 
fluids

ReacXion Complete 4.5 11.6 3.740 1.93 6 2.75 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 4.5 13.5 3.670 1.93 6 2.75 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 4.5 15.1 3.580 1.93 6 2.75 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 5 18 3.890 1.93 6 2.75 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 5 21.4 4.020 1.93 6 2.75 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 5.5 17 4.640 2.675 8 2.675 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 5.5 20 4.520 2.675 8 2.675 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 5.5 23 4.375 2.675 8 2.675 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

ReacXion Complete 5.5 26 4.270 2.675 8 2.675 10,000 300
Patented alumi-
num-based alloy

Industry stan-
dard choride 

solution

Vertechs Oil and Gas Technology Co. Ltd.

Vertechs Wizard 
Dissolvable Bridge 

Plug
4.5

13.5 to 
15.1

10,000 302

Freshwater or 
high salinity 
formation 

fluids

Vertechs Wizard 
Dissolvable Bridge 

Plug
5.5 17 10,000 302

Freshwater or 
high salinity 
formation 

fluids

Vertechs Wizard 
Dissolvable Bridge 

Plug
5.5

20 to 
23

10,000 302

Freshwater or 
high salinity 
formation 

fluids

Vertechs Wizard 
Dissolvable Bridge 

Plug
5.5

26 to 
26.8

10,000 302

Freshwater or 
high salinity 
formation 

fluids

Degradable Frac 
Diversion System

5,800 284

Saltwater, 
acid or 
alkaline 
solutions

Company/Product Casing Specifications Plug Specifications Operating Ranges Material
Medium 

for  
Dissolving

OD 
(inches)

Weight 
Range 
(lb/ft)

Min. ID 
(inches)

Max. ID 
(inches)

Plug OD 
(inches)

Min. ID 
(inches) 

Length 
(inches)

Ball OD 
(inches)

Pressure 
Rating 
(psi) 

Tempera-
ture Rating  

(F)

Schlumberger (cont.)

Editor’s Note: All data accurate as of November 2018.
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FRAC BALLS

Dissolvable Ball Specifications

Company/Product
Sizes 

(inches)
Material

Specific 
Gravity

Temperature 
(F)

Pressure 

Capability 

(psi)

Medium for Dissolving

Akron Porcelain & Plastics Co.

FB-129 Lightweight Short Glass Filled Polyester 1.29 8,000

FB-142
Lightweight Short Glass Filled 

Polyester
1.42 12,000

FB-170HS
High-Strength Long Glass Filled 

Polyester
1.7 45,000

FB-175 Short Glass Filled Phenonlic 1.75 17,300

FB-198 Short Glass Filled Polyester 1.98 21,000

FB-365 Heavyweight Iron Filled Phenolic 3.65 9,900

Baker Hughes, a  GE company

IN-Tallic Frac Balls Various
Controlled Electrolytic Metallic 

Nanostructured Material
1.8 350

Up to 
15,000

Brine fluids

Covia Corp.

BioBalls H
0.875, 1 

and 1.25
Polyvinyl Alcohol, Polylactide Resin 1.18 174 to 300 12,000

Water, brine and short-chain 
alcohols

BioBalls L
0.875, 1 

and 1.25
Polyvinyl Alcohol, Polylactide Resin 1.18 75 to 199 12,000

Water, brine and short-chain 
alcohols

BioBalls X
0.875, 1 

and 1.25
Polyvinyl Alcohol, Polylactide Resin 1.18 199 to 300 9,000

Water, brine and short-chain 
alcohols

Davies Molding

Davies Descender 0.875 to 5 Polymer 1.3 338 10,000 Freshwater 

FracSolution Technologies

Aqua Diversion System 0.5 to 1 1.39

Halliburton

Declined to participate in the survey.

Innovex

Dissolvable Frac Ball Proprietary 1.85 to 2.7 100 to 350 15,000 Brine or freshwater

JCN Technical Sales LLC

SUPRAFRAC MAGXL
0.75 to 
4.875

Magnesium alloy 2.07 N/A 10,000 KCL or HCL

Kureha Energy Solutions

PGA Ball 0.5 to 4.5 Salt or acid

Magnum Oil Tools

Fastball  
0.75 to 
4.625

1.5 10,000 No special fluids required

Fastball DM 1.6 to 4.5 Dissolvable metal 1.83 10,000 Chloride solutions

Mosinter Group Ltd.

PBI Frac Ball
1.25 to 

3.5
Polybenzimidazole (PBI) and PEEK 1.54 to 1.56 302 to 356 10,000

Dissolving Frac Ball 0.7 to 4
Aluminum-Magnesium  
alloy nano materials

1.85 to 1.9 302 to 356 10,000
Slick water plus 3%-5% potassium 

chloride or salt

MOS B 0.7 to 4
Aluminum-Magnesium  
alloy nano materials

1.3 to 1.6 194 10,000
Slick water plus 8% potassium 

chloride

MOS C 0.7 to 4
Aluminum-Magnesium  
alloy nano materials

1.3 to 1.6 167 10,000
Slick water plus 2% potassium 

chloride

MOS D 0.7 to 4
Aluminum-Magnesium  
alloy nano materials

1.3 to 1.6 194 10,000
Slick water plus 8% potassium 

chloride

MOS K 0.7 to 4
Aluminum-Magnesium  
alloy nano materials

1.3 to 1.6 97 10,000 Freshwater

MOS M 0.7 to 4
Aluminum-Magnesium 
alloy nano materials

1.3 to 1.6 194 10,000
Slick water plus 5% potassium 

chloride

Parker Hannifin

Disolvable Ball Sealer 
Series 94

0.75 to 
4.7

Special alloys 122 10,000 Wellbore fluids

Disolvable Ball Sealer 
Series 95

0.75 to 
4.7

Special alloys 10,000 Wellbore fluids

Disolvable Ball Sealer 
Series 96

0.75 to 
4.7

Special alloys 10,000 Wellbore fluids

Disolvable Ball Sealer 
Series 97

0.75 to 
4.7

Special alloys 10,000 Wellbore fluids

https://www.epmag.com/


EPmag.com   |   January 2019 107

FRAC PLUGS,  

BALLS & SLEEVES

Peak Completions

F3 FANTOM
0.875 to 

4.5
2.018 400 10,000 Frac and formation fluids

F4 FANTOM
0.875 to 

4.5
2.003 400 10,000 Frac and formation fluids

FX FANTOM
0.875 to 

4.75
Metallic 2.7 350 10,000 Water

FXH FANTOM 3 to 4.75 Metallic 2.2 350 10,000 Water

Phenom Innovations

Wraith Solid Frac Ball 0.5 to 5
Aluminum based with five different 

formulations
2.7 350 10,000 Fresh, salt or produced water

Wraith Hollow Frac Ball 3 to 5
Aluminum based with five different 

formulations
1.8 to 2.2 350 10,000 Fresh, salt or produced water

Precision Plastic Ball Co.

Torlon Torlon (Polyamide-imide) 1.7

Hollow Stainless Steel Hollow stainless steel Varies

Phenolic Phenolic 1.3 to 1.7

PEEK PEEK (Polyether ether ketone) 1.4

G10 Glass-reinforced epoxy laminate 1.8 to 2 

G11 Glass-reinforced epoxy laminate 1.8 to 2 

Nylon Polyamide 6 3.4

Nylon GF Polyamide 6 1.6 to 1.7

Ceramic Ceramic 2

Aluminum Aluminum 1.4 to 1.7

Hollow Aluminum Hollow aluminum Varies

Robco Inc.

Standard Grade
0.75 to 

4.5
30% Glass-filled nylon 1.35 437 12,000

Standard Grade
0.75 to 

4.5
30% Glass-filled PEEK 1.5 642 22,500

Standard Grade
0.75 to 

4.5
G-10/FR4 Rolled and molded 1.85 572 155,000

Standard Grade
0.75 to 

4.5
Glass-laminated epoxy 1.85 572 40,000

Premium Virgin PEEK
0.75 to 

4.5
PEEK 1.3 649 14,500

Schlumberger

ELEMENTAL Frac Balls
Proprietary degradable  
aluminum-based alloy

2.6 75 to 300 10,000 Wellbore fluids

Scoton Oilfield Equipment

SDF Solid Frac Ball Aluminum-based dissolvable ball Up to 425
Up to 
10,000

Water

SDF Hollow Frac Ball Aluminum-based dissolvable ball Up to 425
Up to 
10,000

Water

Terves

TervAlloy Frac Balls up to 4.95
Tax-100E, Tax-50E and Z-1000C  

patent-pending alloys
1.8-1.85

Potassium chloride/brine,  
acid and freshwater

SmartCore up to 4.95 DissolvAssist
Potassium chloride/brine,  

acid and freshwater

Vertechs Oil and Gas Technology Co. Ltd.

VDB Degradable  
Diversion Balls

302 10,500
Saltwater, acid and  
alkaline solutions

VVanish 1 to 3.75 1.87 10,000
Freshwater or saline  

formation water

Dissolvable Ball Specifications

Company/Product
Sizes 

(inches)
Material

Specific 
Gravity

Temperature 
(F)

Pressure 

Capability 

(psi)

Medium for Dissolving
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COMPOSITE BALL SPECIFICATIONS

Company/Product
Sizes  

(inches)
Material

Specific 
Gravity

Maximum 
Temperature

Maximum Frac 

Pressure (psi)

BR Oil Tools

Texas Raptor Drop Ball

Texas Raptor Cage Ball 5.5 300 10,000

Drake Plastics

Cannonball 0.8 to 4 Torlon 500

Peak Completions

X-Series 0.875 to 4.5 Composite 1.8 350 10,000

X-Lite 0.875 to 4.5 Carbon-infused elastomeric 1.36 550 10,000

X-Carbon 0.875 to 4.5 Carbon-fiber infused phenolic resin 1.75 375 10,000

Editor’s Note: All data accurate as of November 2018.
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FRAC SLEEVES

Sleeve Specifications Operating Ranges

Company/Product
Casing 

Size

Max. OD 

(inches) 
Min. ID 
(inches)

Length 
(inches)

Ball Size Pressure Rating (psi)
Temperature 

Rating (F)

Baker Hughes, a GE company

FracPoint EXPress Frac Sleeve 5.630 to 5.7 3.84 32 15,000 350

Halliburton

Declined to participate in the survey.

Innovex

T-Port Frac Sleeve 3.5 4.4 2.895 29 10,000 350

T-Port Frac Sleeve 4.5 5.635 3.895 29 10,000 350

T-Port Frac Sleeve 5.5 6.755 4.745 25 10,000 350

Magnum Oil Tools

Smart Sleeve 4.5 5.6 3.38 43.9 15,000 400

Smart Sleeve 5 5.6 3.38 43.9 15,000 400

Smart Sleeve 5.5 6.92 4.625 44.5 10,500 400

Smart Sleeve 5.5 7.625 4.625 46.64 13,000 400

National Oilwell Varco

Bulldog Frac Dual Shift Sleeve 5.6 3.9 44 10,000 350

Bulldog Frac Multi-Open/Close Sleeve 5.6 3.93 33.1 10,000 350

Bulldog Frac Single Open Sleeve 5.5 3.89 24 10,000 350

NCS Multistage

BallShift Sleeve 4.5 35.5
2.33 to 

3.75
7,500 to Casing Strength

GripShift Casing Sleeve 4.5 35.5
2.33 to 

3.75
7,500 to Casing Strength

GripShift Casing Sleeve 5.5 35.5
2.33 to 

3.75
7,740 to Casing Strength

MultiCycle Frac Sleeve 4.5 35.5
2.33 to 

3.75
7,740 to Casing Strength

MultiCycle Frac Sleeve 5.5 35.5
2.33 to 

3.75
7,740 to Casing Strength

Peak Completions

IsoPort CT 4.5 10,000 350

IsoPort CT 5.5 10,000 350

EZ-Port 2.875 10,000 350

EZ-Port 3.5 10,000 350

EZ-Port 4.5 10,000 350

EZ-Port 5.5 10,000 350

EZ-Port 7 10,000 350

Impact Bypass Sleeve 4.5 10,000 350

Impact Bypass Sleeve 5.5 10,000 350

IsoPort CS Recloseable Frac Sleeve 4.5 10,000 350

IsoPort CS Recloseable Frac Sleeve 5.5 10,000 350

StrataPort 2.875 10,000 350

StrataPort 3.5 10,000 350

StrataPort 4.5 10,000 350

StrataPort 5.5 10,000 350

SuperPort 4.5 10,000 350

SuperPort 5.5 10,000 350

Schlumberger

Reclosable CT 4.5 5.5
3.96 to 

3.8
28.5 15,000 285

Reclosable CT 5.5 7
4.87 to 

4.65
36.2 15,000 285

Weatherford

ZoneSelect MASS Stimulation Sleeve 4.5 5.65 3.9 14,300 325

ZoneSelect MASS Stimulation Sleeve 5.5 6.75 4.56 16,500 325

FRAC PLUGS,  

BALLS & SLEEVES

Editor’s Note: All data accurate as of November 2018.
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MANAGEMENT

Duane Germenis, Aaron Poon and Oscar Velastegui, 

Veolia Water Technologies

H
istorically, removing dissolved gases, such as CO

2
, 

H
2
S, and benzene, toluene, ethylbenzene and 

xylene (BTEX) compounds, from polluted aqueous 

streams has been a challenge. Conventional degasifica-

tion towers have proven to be inadequate. These towers 

use packed beds that are highly susceptible to plugging 

or fouling. In produced water applications, where the 

water contains high levels of suspended solids and oil, 

conventional technologies tend to fail.

A fouling-resistant gas stripping technology called 

CoStrip was tested as part of a pilot study for removing 

dissolved gas species from produced water in California. 

This technology from Veolia Water Technologies degases 

raw water by introducing microbubbles of a stripping 

gas counter-current to the liquid stream. The CoStrip 

technology eliminates the need for upstream treatment 

before degasification. Other benefits include safe oper-

ation of downstream equipment due to H
2
S reduction, 

corrosion mitigation on downstream equipment, and 

reduced downstream chemical consumption and sludge 

generation in a chemical softening application.

Absorption-based gas stripping
The CoStrip technology works by the principle of Hen-

ry’s Law, which states that at a constant temperature, the 

amount of a given gas that dissolves in a given type and 

volume of liquid is directly proportional to the partial 

pressure of the gas in equilibrium with the liquid. 

The technology works as follows: Eductors use a 

liquid recycle stream within the unit to uptake and 

disperse fresh gas in a series of four separation cells. 

In each cell bubbles rise and maintain contact with 

the bulk liquid. Dissolved gases such as CO
2
, H

2
S and 

BTEX, which are present in the bulk liquid in each cell, 

migrate into the microbubbles as they rise. The mass 

transfer is driven by the disequilibrium of the 

dissolved gases present in the bulk phase and 

within the bubble. Once they are at the bulk 

liquid/gas interface, the microbubbles burst 

and release gas into the headspace. The gas 

in the headspace is continually swept out 

of the unit by the introduction of fresh gas. 

This provides a constant gas disequilibrium 

within the unit.

The combined off-gas is removed from 

the vessel and can be treated for reuse or 

disposed of appropriately. The stripping gas 

volume provides efficient mixing and high 

surface area contact with the fluid to displace 

undesirable dissolved gases. The technology 

removes benzene, toluene, ethylbenzene, 

CO
2
, H

2
S and various other dissolved gases, 

depending on the application.

Reducing alkalinity, CO
2

Besides being fouling resistant, CoStrip tech-

nology offers other advantages in produced 

water applications. It can remove CO
2
, thus 

Removing dissolved gas  
from produced water 

Pilot tests validate a fouling-resistant degasification technology that eliminates dissolved 

gas species from produced water. 

FIGURE 1. This chart depicts the amount of gases the CoStrip system removed from 

produced water. (Source: Veolia Water Technologies)

VOLATILE ORGANIC COMPOUND REMOVAL
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reducing alkali consumption and sludge generation in 

downstream chemical softening processes. By reduc-

ing the feed water alkalinity and CO
2
 concentrations, 

CoStrip results in the consumption of less hydrated lime 

and caustic soda and less calcium carbonate and magne-

sium hydroxide sludge. The technology can be used as 

a pretreatment step to reduce operating costs for water 

softening systems.

Produced water typically contains sulfides and, at neu-

tral to low pH levels, a significant portion of the sulfides 

will be H
2
S. This gas is flammable, toxic and corrosive, 

creating safety and air emission issues. It can corrode 

downstream piping and foul downstream treatment 

equipment. Volatile organic compounds (VOCs) are 

another concern in terms of worker safety, surface water 

discharge regulations and air emissions. Gasoline-range 

organics can damage the support layer of reverse osmo-

sis membranes, thus shortening membrane life.

The CoStrip technology provides downstream benefits 

associated with H
2
S removal, such as reduced capital and 

operating costs. For example, by eliminating H
2
S, there is 

no need to cover downstream process tanks, which would 

otherwise be necessary to prevent odorous emissions and 

ensure personnel safety. Operating costs are reduced when 

the need for an oxidant to remove H
2
S is eliminated. 

Pilot study results

Produced water from a storage tank was fed to a 

CoStrip degasifier as part of a pilot study. A series of 

tests were conducted using air as the stripping gas. 

The produced water total dissolved solids, tempera-

ture and pH were approximately 12,000 mg/L, 71 C 

(160 F) and 6.8, respectively. 

At a stripping gas utilization rate of 5.2 Scf/bbl, the 

CoStrip unit removed about 84% benzene, 95% tolu-

ene, 89% xylenes and 92% ethylbenzene (Figure 1). 

Also during this test, dissolved CO
2
 was reduced by 

77% and H
2
S by 93%.

Tests also were performed using nitrogen as the 

stripping gas, and the nitrogen was found to perform 

PRODUCED WATER  

MANAGEMENT
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similarly to air. At a stripping gas utilization rate of 5.2 

Scf/bbl, the unit removed about 82% of benzene, 87% 

toluene, 88% xylenes and 91% ethylbenzene.

Under the same operating conditions, dissolved CO
2

was reduced by 75% and H
2
S by 93%.

During the pilot test, calcium carbonate scaling was 

observed inside the degasifier. The scaling occurred 

because of the rise in pH between the unit’s inlet and 

outlet during the acid gas stripping. The solubility of 

calcium carbonate is inversely related to the pH. At 

lower pH, the salt is more soluble.

The scaling potential of produced water containing 

calcium carbonate can be measured by the Langelier 

Saturation Index (LSI). Positive LSI values indicate an 

area where the solution is unstable, beyond saturation, 

favoring calcium carbonate scaling. Negative LSI values 

indicate an area where the solution is below saturation 

and the dissolved salts tend to be stable in solution. 

To minimize scale deposits in the unit, sulfuric acid 

was dosed into the degasifier to lower the scaling poten-

tial. Before acid introduction, scaling occurred quickly, 

at an LSI of about +1.5. After acid addition, the LSI was 

lowered to about +0.9. 

The acid injection mini-

mized the rate of scaling 

in the degasifier, and 

scaling was not observed 

over several weeks. 

Although nitrogen and 

air were the only strip-

ping gases tested in this 

study, the type of strip-

ping gas used is expected 

to have little impact on 

performance. As long as 

the stripping gas does 

not contain the dissolved 

gases to be removed, the 

disequilibrium between 

the dissolved gases in the 

rising microbubbles and 

the bulk liquid phase will 

be the same, according 

to Henry’s Law. The par-

tition coefficient is inde-

pendent of the other 

gas species present, and 

solely a function of the 

temperature and individ-

ual gas species.

Conclusion
Based on the pilot study results, the CoStrip degasifier pro-

vides many process benefits to a produced water treatment 

train. H
2
S is removed, thus ensuring personnel safety and 

minimizing environmental impacts and corrosion issues. 

When used as pretreatment to chemical precipitation 

softening, the CoStrip degasifier removes CO
2
. This 

reduces alkali demand and sludge generation, thus min-

imizing life-cycle costs. 

VOCs also are removed, ensuring worker safety and 

preventing environmental impacts with respect to air 

emissions and effluent water discharge requirements. 

Fouling and degradation of downstream reverse 

osmosis membranes are reduced by minimizing VOCs.

The estimated economic benefits of using the CoStrip 

technology include up to 30% cost reductions on chem-

ical softening and sludge disposal and up to 35% cost 

savings on reverse osmosis membrane replacement. 

Although these savings must be evaluated on a case-by-

case basis, they translate into a payback period of less 

than one year when gas stripping technology is added 

to the treatment train. 

The horizontal design of the CoStrip degasifier is ideal for installations with height restrictions.  

(Source: Veolia Water Technologies)
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Dave Sobernheim, Keane Group

E
fforts to continuously improve operational efficiency 

and cost/unit hydrocarbon metrics are enabled by 

technology. Keane Group’s Engineering and Technology 

Center works with the company’s clients and field opera-

tions to drive both fracture effectiveness and production 

enhancement with products like ReLease. This product 

is designed to improve the performance and utilization 

of produced water for use as a fracturing fluid. 

Keane Group has developed chemistry optimized for 

the particular characteristics and challenges of pro-

duced water. Produced water is typically bacteria- and 

scale-prone and more difficult to lower friction pres-

sure losses than freshwater. However, the technology 

is rapidly evolving. Bacteria control, friction reduction, 

scaling control and viscosity-building chemistry tech-

nology now applies across the spectrum of produced 

waters found in most of the major oil-producing 

regions in the U.S.

Produced water is somewhat of a catch-all term that 

might encompass several distinct sources from flowback 

and produced water, which in turn might contain pro-

portions of previously injected water, fracturing treat-

ment chemicals, formation water and hydrocarbons. 

Getting value from oilfield  
produced water improves efficiency 

Optimized chemistries help leverage produced water to fracturing fluid. 

FIGURE 1. Some of the highest water-stressed regions in the U.S. also are located in major oil-producing regions. (Source: World 

Resources Institute)

SHALE PLAYS AND BASELINE WATER STRESS IN THE US
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A large industry has emerged in recent years to pro-

vide recycling capability so that these waters might be 

reused, particularly in the typically water-stressed, arid 

regions where some of the U.S.’s largest oil fields are 

found (Figure 1). Bacterial control has been of partic-

ular concern when reservoirs produce H2S or reducing 

permeability as a result of inadequate bacteria control 

of sulfur-reducing bacteria, among others. 

Bacteria control
New technology for bacteria con-

trol in produced water includes 

principally oxidative treatments 

such as chlorine dioxide. While 

quite effective, it has been noted 

that high-residual oxidative ele-

ments pumped downhole can 

have severe negative impacts on 

high-pressure pumping fluid ends 

and iron, causing costly pitting 

and other wear failure items. A 

dual-treatment method utilizing 

chlorine dioxide with confirmed 

zero residuals, combined with tra-

ditional glut/quat bactericides or quaternary phospho-

nium biocides for long-term control, has been found 

to be the best overall solution for bacteria control in 

produced water.

The scaling trend when swinging the makeup of the 

pumping water from 100% brackish to 100% produced 

water is another issue translating into higher scale forma-

tion (Figure 2). It is well-known that scaling or precipita-

tion of solids in the reservoir, near-wellbore region or at 

the perforations/inside the tubulars can be highly detri-

mental to well productivity as well as difficult, risky and 

expensive to remove. Prevention of scaling in produced 

water is the company’s objective in almost all cases. 

Depending upon the situation, it might be required to 

increase the concentration of scale inhibitor by a factor 

of two or three times to keep the residual of scale inhib-

itor with time in flowback and produced water to similar 

levels measured in wells completed with 100% brackish.  

Friction reducers
The biggest change in fracturing fluid chemistry in 

the last one to two years has involved the move from 

guar-thickened and low-friction pressure fluids to poly-

acrylamide-based high-viscosity friction reducer (HVFR) 

and low-friction pressure fluids. 

These HVFR fluids are typically 

operationally simpler to run, can be 

more effective at friction reduction 

than conventional friction reducers 

(FR) and exhibit lower sand settling 

velocities than their guar-based 

equivalent. However, they must be 

tailored more specifically to the 

total dissolvable solids (TDS) and 

specific chemistry of the production 

water in which they are utilized. 

The company has tested multiple 

chemistries with multiple blends of 

fresh/produced water to provide 

optimized chemistry and cost performance as well as 

optimized proppant suspension in various scenarios.

Surfactant chemistry
Once pipe friction pressure and proppant suspension 

performance is achieved, an often-overlooked item 

involves surfactant chemistry and relative permeability 

effects allowing hydrocarbon to be most effectively 

recovered following treatment. As noted, produced 

water varies greatly in composition and sourcing, par-

ticularly in areas such as the Permian Basin, where 

water is routinely recovered from different producing 

horizons and compounded. By optimizing surfac-

tant chemistry, it can be ensured that despite the 

variation in composition, hydrocarbon recovery can 

PRODUCED WATER  

MANAGEMENT

FIGURE 2. Scaling tendencies are compared between 100% brackish and 100% produced waters in the Permian Basin showing higher  

tendencies in produced water. (Source: Keane Engineering Technology Center)
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be enhanced and production success odds greatly 
improved. Figure 3 shows the testing of various 
nano-surfactants in produced water blends to deter-
mine how much hydrocarbon is recovered in each 
case. By performing this testing in advance of com-
pletion operations, ultimate recovery is improved and 
questions about incompatible waters are addressed.

Breaker technology usage in these FR or HVFR pro-
duced water fluids is a key, and sometimes controver-
sial, topic. Polyacrylamide molecules are typically very 
long-chain and difficult to break apart, which would 
seem to indicate they also could be plugging and 
potentially damaging to reservoirs. 

However, at typical concentrations from 0.3 gal/Mgal 
up to approximately 6 gal/Mgal, a holistic approach 
should be used that takes into account polymer concen-
tration, proppant loading, conductivity and reservoir 
pore-throat morphology. 

The company’s typical recommendation is to run 
polymer-specific breakers, with the caveat being in cases 
where breaking the molecules apart might cause them 
to plug the formation face rather than flow back. This 
has been a similar concern with some of the surfactant 
technology where it has been hypothesized that low-
ering the interfacial tension substantially could cause 

greater imbibement of injected water into 
the formation face rather than flowing 
back. In these cases where uncertainty 
exists, core testing is recommended to 
determine the proper breaker strategy, 
and different formations will have differ-
ent outcomes depending upon laboratory 
testing and field results.

From a logistical standpoint, produced 
water must be handled with care, as in 
many cases spills can result in reportable 
environmental incidents given the vary-
ing composition and often high TDS and 
salinities. This characteristic has limited 
the usage of produced water in certain 
basins such as the Denver-Julesburg Basin 
or in other areas of particularly high 
environmental sensitivity. The company 
expects technology to evolve to aid in 
these areas as well. The company has 
seen a move, for instance, from transport 
by trucking to transport via pipelines for 
water in a rapidly evolving water mid-
stream business. This reduces wear and 
tear on roads, traffic, dust, congestion, 
etc., while moving produced water into a 

reliable system for transport of high volumes using hub-
and-spoke type arrangements, which ties in closely to 
the move to pad-type well development.

Ultimately, the economics in particular basins will 
dictate overall usage of produced water. As an example 
for the Permian, Bloomberg estimated the cost of dis-
posal of flowback water can be expensive ($1.50/bbl to 
$2.50/bbl). From a sustainability standpoint, it makes 
good sense to recycle and reuse as much produced 
water as possible, and technologies such as ReLease 
are rapidly evolving to allow cost-effective and reliable 
usage of this water in completion operations. This also 
includes, in some cases, cementing operations where 
the produced water is properly tested, as often salts 
can be used without harm to the American Petroleum 
Institute set cement properties.  

As infrastructure continues to be built out, overall eco-
nomics will improve and the trend of increasing the reuse 
of produced waters in most basins will continue. The tech-
nology is ready and is in implementation with many opera-
tors ready to make the vision of effective and optimized 
produced water management a key part of the planning 
and development of oil and gas fields across the U.S. 

References available.
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FIGURE 3. An oil recovery spontaneous imbibition apparatus shows the benefit of  

customized nano-surfactant blends by formation, hydrocarbon and core characteristic. 

(Source: Keane Engineering Technology Center)
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SUBSEA PROCESSING  

& MONITORING

Svein Vatland, Stian Ingebrigtsen and  

Espen Ulimoen, ABB

C
omponents such as switchgears and variable speed 

drives (VSDs) will soon be capable of operating 

at depths up to 3,000 m (9,842 ft), supplied by a cable 

from shore up to 600 km (373 miles) long. This tech-

nology will enable operators to power entire processing 

plants on the ocean floor, close to the wellhead, improv-

ing efficiency and reducing costs. 

The world’s first subsea processing plant will soon be 

a reality. Development work is in its final stages at ABB 

for subsea power, and the commercial launch is sched-

uled for the second half of 2019. 

The concept will see switchgear, VSDs and the driven 

equipment, such as pumps and compressors, placed on 

the seafloor close to the wellheads. The main purpose 

is to improve efficiency and recovery rates. Over the 

longer term, this new technology can even eliminate 

the need for a topside platform. With the infrastructure 

moved to the ocean floor, the rationale for a topside 

platform is eliminated. 

Power will be supplied from shore using a single alter-

nating current (AC) cable. Cables up to 70 km (43 miles) 

long with this technology are in use in several locations 

around the world. In the future, cable lengths of up to 

600 km will be feasible using low-frequency AC transmis-

sion and distribution. In combination with components 

capable of operating at depths of up to 3,000 m, practi-

cally all of the world’s known resources are within reach. 

From subsea transformers
Key to this concept is ABB’s work with subsea transform-

ers over many years. Similar marinization as those used 

for transformers has been developed for other compo-

nents, such as equipment for power distribution, conver-

sion and control. This is the first time a VSD has been 

operated in a subsea environment. 

The ultimate goal is to have an autonomous subsea 

factory, using digital solutions to enable intelligent 

remote and unmanned operations. This will reduce 

capex and opex while increasing recovery rates, improv-

ing safety, enhancing reliability and raising productivity. 

It also will minimize environmental impact.

By moving the control room onshore, operators can 

reduce cost and risks as well as increase the revenues 

from existing assets in production. It also may be pos-

sible to develop fields in locations deeper and farther 

away, which may not have been accessible with tradi-

tional technology. 

Cable from shore
The subsea power system is based on AC power deliv-

ered via cable from a shore-based facility. All equipment 

Top to bottom—moving hydrocarbon 
processing to the ocean floor  

The world’s first subsea processing plant moves closer to crossing the finish line.

ABB’s subsea power distribution solution will help oil and gas companies explore farther and deeper, improve production and save 

50% on capex. (Source: ABB)
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for medium voltage distribution, power conversion, 
automation and auxiliary power is fitted in subsea enclo-
sures and installed on the ocean floor.

This results in significant savings. In a project with 
eight different loads (e.g., pumps or compressors), the 
potential capex saving has been estimated to about $500 
million. Efficiency also will be significantly improved, 
as the power consumers are placed closer to the well. 
Overall, the aim is to achieve 20% to 30% savings on 
capex and opex over a 30-year operational life as well as 
25% more rapid schedule completion.

Optimized current
A main challenge with the long supply cable is to miti-
gate resonance points in the system. A long cable is like 
an electrical circuit with inductors and capacitors and 
induces resonance. This affects the waveform of the 
current and impairs the performance of the electrical 
equipment. By carefully modulating the input to the 
cable, the waveform can be optimized so that the reso-
nance points are avoided and efficiency is maintained. 

Drives, transformers and other components are 
designed to operate at 4,350 psi. The enclosures are oil-
filled and pressure-compensated, with the hydrostatic 
pressure of the seawater acting on the oil to maintain 
ambient pressure inside the enclosure.

The equipment is designed to operate for 30 years 
without maintenance. The maintenance needs of rotat-
ing equipment are minimized using magnetic bearings. 
In the event of equipment needing repair, the units are 
modular and can be extracted using an ROV.

Pressure boost
The first steps toward a subsea processing plant were 
taken in 2014 when ABB, together with Equinor, com-

pleted the world’s first subsea gas compression project 
at the Åsgard Field on the Norwegian Continental Shelf. 

Originally, the operator had discovered that the inter-
nal pressure of the well was dropping at an alarming 
rate. As the remaining resources were considerable, new 
ways of boosting the pressure were investigated. 

In this early application of subsea compression, the 
system was tied back to a floating topside rig. This 
required each pump and compressor to have a separate 
cable, as no power distribution existed on the seabed. 

This issue has been addressed, and all process equip-
ment in future projects will be located on the seabed, 
powered by a single cable with modular power distri-
bution, driving pumps, compressors and other process-
ing plants.  

Access all areas
The equipment and the electrical infrastructure will be 
controlled using an ABB Ability System 800xA. This pro-
vides a single interface to the entire system, including 
all third-party equipment. Compared to a setup where 
each equipment vendor supplies an interface, this vastly 
improves transparency and simplifies management.

However, the overall system may not always include 
all equipment from the subsea level. There are often 
contractual obligations relating to subsea equipment 
that require these to operate through their proprietary 
interface. Standardization work is ongoing in the indus-
try, which will help improve transparency over time. 
The aim is to have a system where all equipment is visi-
ble through one interface.

Collecting the data
The data from the control system are uploaded to the 
cloud. Diagnostic data are processed to analyze and pre-
dict equipment condition. Here, the VSD system is a key 
component. Frequently, device behavior can be more 
easily explained looking at the data in the drive rather 
than looking at the device itself. The aim is to collect 
sufficient volumes of data from each device to translate 
the behavior into an algorithm so that that future behav-
ior can be predicted.  

The system is tied into expert applications that opti-
mize every aspect of the operation and links to the com-
pany’s enterprise resource planning system.

The result is a system that tracks every key perfor-
mance indicator all the way from the wellhead to the 
operator’s bottom line. This is where the changes in the 
industry over the last few years have been most acutely 
felt, and this is what this new technology ultimately 
seeks to address. 

SUBSEA PROCESSING  
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ABB’s subsea VSD completed a shallow-water test in 2017.  

(Source: ABB)
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Paul Sipps, IPT Global LLC 

I
n the oil and gas industry, the digital transformation 

is delivering new technologies to help improve the 

safety, productivity and sustainability of all operations. 

With the industry increasingly emphasizing risk miti-

gation and efficiency, it is more important than ever 

to ensure that critical well control equipment, such as 

BOPs, can be verified to contain pressure on demand. 

Continuous innovation and the extension of these tech-

nologies to all well barriers are providing a clearer pic-

ture of well integrity in real time. 

Analog versus digital
Other industry methods for conducting pressure tests 

related to well control equipment and well integrity 

often have relied on the century-old analog circular 

chart recorder. A circular piece of graph paper rotates 

beneath one or more pens, which draw pressure plots 

during testing and can result in a poor-resolution graph 

of pressure over time. In addition to the poor resolu-

tion, the resulting graph is susceptible to manipulation. 

The circular chart relies on several other factors, such 

as chart scale, pen width and recorder motor function, 

to produce the result. It is common for one or many of 

these factors to cause the results of pressure tests to be 

undeterminable, leading to prolonged test durations 

or multiple unnecessary test attempts. These additional 

attempts further expose personnel to dangerously high 

pressures and increase wear and tear on equipment.

Moreover, subjective interpretations of circular charts 

can lead to false positives, introducing risks of noncom-

pliance or critical equipment not functioning when 

needed. The risks incurred from false readings for 

pressure tests related to well integrity and well control 

equipment cannot be overstated. As such, new methods 

for interpreting the results of such tests were imperative 

for the future of pressure testing. 

Many pressure tests are captured digitally and saved 

for further interpretation by humans, representing an 

incremental positive shift toward safety and efficiency 

for the industry. That said, however, there is still much 

room for improvement. Many operators find themselves 

in the position of needing to satisfy a variety of criteria 

for validating pressure tests, including local, interna-

tional and self-imposed regulations. 

This increased demand for compliance has created 

rigid, complex and 

time-consuming 

processes for oper-

ators and drilling 

contractors that 

revolve around the 

verification and 

interpretation of the 

data collected from 

pressure test results. 

Several individuals 

often analyze these 

data before a pass or 

fail result is deter-

mined and requires 

collaboration with 

both the rig site and 

office personnel, 

delaying the deter-

mination of test 

Digitalization in pressure testing  
New digital technologies greatly improve the safety, efficiency and  

traceability of pressure testing throughout the life cycle of a well. 

The SureTec schematic planning tool is for subsea BOP and wellbore pressure testing. (Source: IPT Global LLC)
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results considerably. Although capturing the pressure 

test data digitally for review and analysis represents an 

improvement over analog circular charts, considerable 

inefficiencies and inaccuracies remain.

Neither circular charts nor current digital capture 

methods include schematic representations of the 

equipment or well components being tested. With 

complex systems such as subsea trees, BOPs and 

choke-and-kill manifolds having dozens of required 

components for pressure testing, it is vital that all 

components be tracked and tested to demonstrate 

that they meet or exceed criteria and are fit for use. 

This has led to several tools being utilized to create 

schematic representations of the various equipment 

and wells that undergo such testing. Many methods for 

creating these schematics are suboptimal as they rely 

on tools that were not designed for the specific task 

of creating such schematics. As such, the traditional 

schematic creation process is prohibitively lengthy and 

contains an inherent risk of human error. The identi-

fication of these inefficiencies and risks have led to the 

creation of software tools, which are easy-to-use and 

render accurate schematic depictions of well control 

and well barrier equipment.

Digital alternative
IPT Global LLC has created a software suite specifically 

designed to address the challenges commonly experi-

enced in digital pressure testing. Namely, the software 

was created as a fit-for-purpose digital alternative to 

properly design, plan, test, report and archive the results 

of all required pressure tests throughout the life cycle 

of a well. Leveraging the experience of industry experts, 

combined with software engineering and data analysis, 

IPT Global focuses on addressing the pressure testing 

workflow with a single integrated software platform 

designed to be the principal system of record for all 

pressure testing in upstream operations. The first chal-

lenge was to create a tool that offered real-time analysis 

of pressure, rate and volume data with preconfigured 

SUBSEA PROCESSING  
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criteria so that pressure tests could be objectively passed 

or failed. This was a critical first step as it solved several 

of the challenges of alternative methods for pressure 

testing. The risk of human interpretation or manipu-

lation was removed and replaced instead with software 

that mathematically verifies the results of each test as 

they occur. Next, the focus shifted to creating simple 

but powerful tools for schematic and test plan creation. 

The tools were designed to be intuitive and allow the 

user to quickly create complex schematics that were easy 

to edit as needed to reflect the changing nature of oper-

ations and equipment. The planning tool was designed 

with industry requirements in mind and contains several 

safeguards that inform the user of incomplete test plans, 

missing testing requirements and safety concerns that 

might be present. A reporting tool was developed that 

instantly aggregates the results of all pressure tests into 

one organized report, designed with industry operators, 

contractors and regulators in mind. These reports are 

organized for archiving in a cloud-based repository for 

secure retrieval. 

This technology initially targeted subsea BOPs where 

the regulatory requirements and testing challenges 

were significant. However, the software has expanded 

to cover all pressure tests for rig site operations from 

well spud to plug and abandonment. Additionally, 

these tools are designed to be a value-add for subsea 

testing, surface testing and onshore applications. By 

using real-time analysis of pressure data and machine 

learning methodologies in R&D, continuous innova-

tion has delivered 

to the industry 

advanced testing cri-

teria and algorithms, 

greatly enhancing 

the efficiency and 

safety of pressure 

testing operations. 

Several critical test-

ing cases have been 

proven out by using 

such technology.

Case study
By using advanced 

real-time analysis of 

pressure trends, the 

technology has been 

able to detect small 

leaks during prede-

ployment testing of 

several subsea BOPs on the surface that would have oth-

erwise gone unnoticed. Operators were able to address 

the leaks and prevent unplanned pulls before they could 

occur. With the testing optimization through advanced 

schematics and planning tools, along with comparative 

algorithms for thermal compensation during BOP test-

ing, the technology was recently able to capture the fast-

est subsea BOP test ever recorded using U.S. Bureau of 

Safety of Environmental Enforcement’s Gulf of Mexico 

criteria, timed at 2 hours and 51 minutes. 

This record-setting test was performed utilizing the 

most rigorous criteria in the industry. The software also 

recently helped an operator identify a leak during a crit-

ical well integrity test that had gone unnoticed using 

standard criteria. The leak was identified using real-time 

analysis of the pressure trends and was able to be docu-

mented and isolated with the aid of interactive to-scale 

wellbore schematics, which reflected the location of the 

problem. Additional industry applications include pre-

dictive maintenance, trend monitoring and performance 

insights for driving testing operations to their technical 

limit all while enhancing safety. Lastly, technical consult-

ing with operators and drilling contractors is driven by 

research surrounding hundreds of thousands of pres-

sure tests stored in the largest database of its kind in the 

industry. Bringing those insights to the operator during 

the planning phase of a well and during challenging 

workovers brings tremendous clarity into the test plan-

ning and execution processes necessary to safely and 

efficiently complete these projects. 

The real-time validation of a subsea pressure test is provided in SureTec. (Source: IPT Global LLC) 
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Rig count for the Williston Basin has maintained a steady range of 48 to 

57 rigs for the year starting Dec. 1, 2017, sitting at 56 rigs as reported 

by Baker Hughes, a GE company, in its Nov. 30, 2018, rig count report.

(Photo by Stephen Collector, courtesy of Oil and Gas Investor)

Jennifer Presley, Executive Editor

I
n 2009 the American Association of Petroleum 
Geologists (AAPG) named Michael S. Johnson as 

its Explorer of the Year for his work leading to the 
discovery of the Parshall Field. Johnson, in the years 
leading up to the award, had the idea to follow the 
geologic trends of Montana’s Elm Coulee Field in his 
search for an Elm Coulee look-alike. He found it in 
North Dakota on the eastern side of the Nesson Anti-
cline in Mountrail County, N.D. 

“In his analysis, Johnson looked at an old Gulf Oil 
well where the Ross Field now stands. It had promis-
ing potential in the Middle Bakken Dolomite between 
upper and lower shale areas,” a June 2009 E&P article 
stated. “He also looked at a Lear Oil well at the site of 
Parshall Field. On the strength of information from 
those two wells, he and a partner bought 40,000 acres 
in the area. In 2005 he was the only bidder for the area 
in the state land sale, and he picked up properties for 
about $3 per acre.”

EOG Resources drilled the first horizontal well at 
the Ross Field in 2005, followed it with another into 
the Parshall Field in 2006, and from there, the rest 
is history. 

In the 13 years since that initial discovery at Parshall, 
the Bakken has grown in stature to become the third 
largest shale fi eld in the U.S. in terms of oil production. 
The U.S. Energy Information Administration reported 
in its November 2018 “Drilling Productivity Report” oil 
production would reach 1.5 MMbbl/d in December 
2018, up 18,000 bbl/d over November 2018 production. 

Spudding activity rose for several years prior to the 
2014 market collapse, but that activity rebounded in 
2017 and 2018, according to Drillinginfo. In an exclu-
sive report provided to E&P, Drillinginfo noted that 
more than 15,000 horizontal wells have been spudded 
in the Williston Basin over the past decade, making it 
one of the most mature unconventional plays. 

Yearly well performance continues to rise, with wells 
coming online in 2018 reaching 200,000 boe, more than 
3.5 times faster than wells in 2014, according to the report. 
Much of that improvement, according to Drillinginfo, is 
attributed to drilling focused in the core of the play. 

Mountrail County is one of a handful of counties con-
sidered to be part of that core, proving out what 
Johnson in his 2009 AAPG presentation urged attend-
ees to do—to fi nd a good geologic idea and follow it. By 
doing just that, he found a veritable treasure trove of 
black gold that has turned the fortunes of public and 
private citizens alike. 

Bakken bounces back   
Williston Basin activity has rebounded from the 2014 market crash and production rates 

are climbing higher. 

UNCONVENTIONAL 

REPORT: BAKKEN
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The number of wells spudded in the basin decreased dramatically from 2014 to 

2015 and began to rebound in 2016. (Source: Drillinginfo)

Well performance continues to rise in the Williston Basin. (Source: Drillinginfo)

458 

1,090 

1,469 

2,111 
2,264 

2,561 

1,263 

553 
733 

-100% 

-50% 

0% 

50% 

100% 

150% 

0 

500 

1,000 

1,500 

2,000 

2,500 

3,000 

2009 2010 2011 2012 2013 2014 2015 2016 2017 

Spuds Year Over Year

SPUDS PER YEAR

Proven undeveloped reserves pricing differs greatly inside 

and outside the new established core, as seen in this map. 

(Source: Drillinginfo)

PROVEN UNDEVELOPED RESERVES PRICING

0 

50 

100 

150 

200 

250 

300 

350 

M
b
o
e

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

CUMULATIVE VINTAGE TYPE CURVES

*boe, 2-stream

Williston Basin

Active Rigs

$/Acre

<$2,500

$2,500 - $10,000

$10,001 - $20,000

>$20,000

https://www.epmag.com/


January 2019   |   EPmag.com132

REGIONAL REPORT: 

NORWAY/UK

Brian Walzel, Associate Editor, Production Technologies

D
espite substantial oil price fl uctuations in late 2018, 
investments in major projects in the North Sea are 

likely to continue over the course of the next several 
years. According to a report issued by GlobalData in 
October 2018, energy companies are set to spend $43 
billion on new projects in the North Sea through 2025. 

Leading the project spending is Equinor, which 
has nine planned and announced projects during 
that time period worth $6.4 billion, according to 
GlobalData. The study revealed that 67 oil and nat-
ural gas projects backed by four countries currently 
producing in the region are expected to start oper-
ations over the six years. New project investment is 
expected to be $43 billion with about $19 billion 
being spent to bring planned projects online and 
$24.2 billion invested on key announced projects, the 
GlobalData report stated.

“In 2025 key projects in the North Sea are expected 
to contribute about 1,327 thousand bbl/d [MMbbl/d] 
of global crude and condensate production and 1,924.4 
MMcf/d of global gas production,” said John Markah, 
energy analyst at GlobalData, in the report.

Other than Equinor, Lundin Petroleum AB ($2.2 bil-
lion) and Petoro AS ($1.9 billion) have the highest pro-
jected levels of spending on planned projects, accord-
ing to the report. Bridge Petroleum 4 Ltd., Aker BP 
and Whalsay Energy have the highest projected levels of 
spending on early-stage announced projects with $4.7 
billion, $2.2 billion and $2.1 billion, respectively.

Oseberg Vestfl anken 2
Equnior also announced in October that production 
began at its Oseberg Vestfl anken 2 Field from the fi rst 
unmanned platform in the Norwegian Continental Shelf 
(NCS), the Oseberg H. The Oseberg Vestfl anken 2 Field 
holds 110 MMbbl of recoverable reserves, according to 
an Equinor press release.

“With Oseberg H, we take a huge technological leap 
forward,” Anders Opedal, Equinor’s executive vice 

president for technology, projects and drilling, stated 
in the release. “The fully automatic, unmanned and 
remote-operated platform is digitalization in practice.”

Opedal said the Oseberg H platform was the fi rst of 
its kind in the NCS without facilities, “not even a toilet.” 
The alternative to an unmanned wellhead platform 
would have been subsea wells.

“The topside weighs only a good 1,000 tonnes, anoth-
er example of simplifi cation in practice,” Opedal said. 
“This platform only has the bare essentials.”

According to Equinor, the project was delivered at 
NOK 6.5 billion, more than 20% lower than the cost 
estimate of the plan for development and operation. 

First oil and new discoveries in the 
North Sea
Discoveries and online operations highlighted year-end 2018 activity as new projects are 

expected to continue offshore Norway and the U.K.

The Askepott jackup rig drilled the production wells at Vestfl anken 

2 through the unmanned Oseberg H platform.  (Source: Equinor; 

Photo by Erlend Hatteberg/CHC Helikopter Service) 
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Alligin and Vorlich
In October 2018 BP announced that it had received 

approval from the Oil and Gas Authority (OGA) to 

proceed with the Alligin development west of Shet-

land, which, according to BP, will target 20 MMboe 

and is expected to produce 12,000 boe/d (gross) at its 

peak. BP is the operator and a 50% partner with Shell 

on the project.

Alligin is expected to come onstream in 2020 and 

will consist of two wells, which will be tied back to 

the existing Schiehallion and Loyal subsea infrastruc-

ture, utilizing the processing and export facilities 

of the Glen Lyon FPSO vessel. According to BP, the 

development will include new subsea infrastructure, 

consisting of gas-lift and water injection pipeline 

systems, and a new controls umbilical. The develop-

ment is part of a series of infrastructure-led subsea 

tieback projects in the North Sea, accessing new pro-

duction from fields located near established produc-

ing infrastructure.

“Alligin is part of our advantaged oil story, rescuing 

stranded reserves and tying them back into existing 

infrastructure,” Ariel Flores, BP North Sea regional 

president stated in a release. “Developments like this 

have shorter project cycles, allowing us to bring on new 

production quicker. These subsea tiebacks complement 

our major startups and underpin BP’s commitment to 

the North Sea.”

In September 2018 BP also gained OGA approval for 

its Vorlich project, which targets 30 MMboe. According 

to BP, Vorlich, located in the central North Sea as a 

two-well development, will be tied back to the Ithaca 

Energy-operated FPF-1 fl oating production facility. That 

facility is located at Ithaca’s Greater Stella Area pro-

duction hub. Alligin and Vorlich are expected to begin 

production in 2020, according to BP.

Meanwhile, BP announced on Nov. 26, 2018, that 

production had begun at Clair Ridge. Clair Ridge is the 

second phase of development of the Clair Field, which 

was discovered in 1977 and has an estimated 7 Bbbl of 

REGIONAL REPORT: 
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hydrocarbons, according to BP. Clair Ridge is expected 
to target 640 MMbbl of resources and have a peak pro-
duction of 120,000 bbl/d. 

In addition, BP was awarded seven licenses in early 
2018, fi ve as operator and two as partner, in the North 
Sea’s 30th Offshore Licensing Round. In January 2018 
BP announced two new discoveries in the North Sea at 
Capercaillie in the Central North Sea and Achmelvich 
west of Shetland, the company reported.

Grosbeak discovery 
In October 2018 Wellesley Petroleum AS announced the 
successful appraisal of the Grosbeak discovery in the North-
ern North Sea. Appraisal wells were drilled in production 
license (PL) 248I, where Wellesley holds a 60% operated 
interest, the company reported in a press release.

Expected recoverable reserves in the Grosbeak 
Discovery range from 53 MMbbl to 115 MMbbl, plus 8 
cu. m to 12 cu. m (269 cf to 432 cf) of gas. According 
to the release, Wellesley had invested in the planning 
process before assuming operatorship of the various 
licenses, which allowed the company to begin drilling 
four months after becoming operator.

“It is particularly pleasing to have reached this point 
just 10 months after assuming operatorship of the 
PL248I license,” Chris Elliott, CEO of the Wellesley 
Group of companies, stated in the release. “These wells 
conclude an operated 159-day summer drilling cam-

paign with almost 13,000 m [42,651 
ft] drilled in fi ve boreholes and 
extensive data collected from each 
of the fi ve hydrocarbon-bearing 
zones encountered.” 

Apache’s Garten
On Dec. 4, 2018, Apache Corp. 
announced that less than eight 
months after discovery, the company 
had achieved fi rst oil at its Garten 
development. The discovery well, 
located 6 km (3.7 miles) south of 
the Beryl Alpha platform, was placed 
on production in late November 
after the discovery in March, the 
company stated in a press release. 
Garten is tied back to the Beryl 
Alpha platform. The company 
announced that Garten is currently 
producing from the Beryl sand at a 
rate of 13,700 bbl/d at 444,574 cu. 
m/d (15.7 MMcf/d) of gas.

According to Apache, the Garten discovery well 
encountered more than 213 m (700 ft) of net oil pay, 
and recoverable resources are expected to exceed 
10 MMbbl of light oil. Garten is the company’s fourth 
oil discovery in the Beryl area in the past three years. 
At the time of the discovery in March, Apache stated 
in a release that Garten would initially begin produc-
tion in the fi rst quarter of this year.

However, since that time those plans have changed. 
Speaking during the company’s third-quarter 2018 con-
ference call in November, Timothy Sullivan, executive 
vice president of operations support, said Apache had 
opted instead to accelerate development at Garten and 
initiate fi rst oil by the end of November 2018—a goal 
which it achieved.

Sullivan said during the call that by locating the 
Garten test well near existing infrastructure, Apache 
was able to reduce its cycle time, minimize devel-
opment costs and bring the well into production in 
seven months for $80 million, which Sullivan said 
translates to fi nding and development costs of less 
than $10/bbl.

“[Garten] will be a very high rate well,” said Stephen 
Riney, Apache CFO and executive vice president. “It’s a 
big structure, and there’s potential there. We’ll just 
have to see how it outperforms, even add more wells. 
But most importantly, it also de-risked several other 
structures that are very similar to Garten.” 

REGIONAL REPORT: 

NORWAY/UK

MAJOR PLANNED & ANNOUNCED PROJECTS COUNT AND CAPEX BY 
KEY NORTH SEA COUNTRIES, 2018-2025

GlobalData reports that $43 billion worth of projects will commence in the North Sea over the 

next six years. (Source: Upstream Analytics, GlobalData Oil and Gas)
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A range of options for hydraulic fracturing of 
multiple stages
Schlumberger multistage fracturing systems are 

designed to stimulate multiple stages efficiently and 

effectively. These systems—cemented and unce-

mented—can be used in vertical, deviated and horizon-

tal wells. Expedite frac plug millout and reduce debris 

size or even eliminate milling altogether with three 

new frac plugs from Schlumberger: FracXion Micro 

fully composite frac plug, FracXion Ultra HP/HT fully 

composite frac plug and the ReacXion Complete fully 

dissolvable frac plug, according to a company product 

annoucement. Available in a range of sizes, pressure 

ratings and temperature ratings, and equipped with 

antipreset measures, these plugs help operators reach 

first oil faster. slb.com

Wireline connector minimizes delays, 
increases safety
National Oilwell Varco (NOV) has released the Quick-

Latch connector to its portfolio of Elmar wireline 

equipment and technologies. The QuickLatch is an 

integrated wireline pressure control equipment connec-

tor designed to minimize delays at the fracturing site 

while increasing the safety of site personnel, according 

to the company. The connector has a combined quick 

test/load test feature and an interlock, preventing inad-

vertent opening when well pressure is present. Also, the 

elimination of complex external moving parts and catch 

points help to make operation and maintenance sim-

pler. The unit also features a failsafe friction lock in case 

of hydraulic pressure loss. The standard QuickLatch 

connector is available for 12,500-psi working pressure 

H
2
S service, and a 15,000-psi version is available on 

request. nov.com

Wireline log-
ging sensor 
delivers about 
eight times 
more data 
Halliburton Co. 

has released the 

Xaminer Mag-

netic Resonance 

(XMR) service, 

the industry’s only 

high-pressure-

rated (35,000-psi) 

downhole sensor 

that provides 

comprehensive 

nuclear mag-

netic resonance 

measurements to 

improve reservoir 

insight, according 

to a press release. 

The XMR service delivers more detailed formation data, 

including 2-D and 3-D fluid characterization, carbonate 

pore-size classification, unconventional analysis and per-

meability. The service can acquire approximately eight 

times more data with less than half the power of tradi-

tional sensors. It also can be deployed in nearly every 

openhole logging environment. XMR helps reduce an 

operator’s capex by eliminating the need for multiple 

sensors. XMR acquires reservoir information in a single 

pass to increase reliability and improve data quality. 

It also can log up and down a well, and operators can 

retrieve multiple logging passes in one trip, which is 

critical in poor hole conditions. Also, the data fit seam-

lessly into advanced integrated analysis platforms such 

as ShaleXpert, TurbiditeXpert, CarbondateXpert and 

TightGasXpert services. halliburton.com

E-commerce platform provides enhanced 
user experience
Hexacom, a division of Schlumberger Technology Corp., 

has released The Oilfield Marketplace, an e-commerce 

platform that connects oil and gas industry professionals 

with the products, services and information they need to 

optimize their assets, according to a press release. The 

Oilfield Marketplace provides a seamless online expe-

rience that makes ordering oilfield products as easy as 

ordering a book. The initial release is for customers in 

the U.S. and includes hundreds of products that can be 

purchased with a credit card. The Oilfield Marketplace 

The XMR service’s new-generation magnetic 

resonance wireline sensor provides full  

reservoir fluid characterization and formation  

evaluation. (Source: Halliburton Co.)

The QuickLatch is designed to prevent inadvertent opening 

when well pressure is present. (Source: NOV)
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launches with several Schlumberger drilling, comple-

tions and solids control services, including brands such 

as DRILCO, Dyna-Drill, M-I SWACO and Smith Bits. The 

Oilfield Marketplace is Hexacom’s inaugural venture 

and marks its first step toward providing oilfield profes-

sionals with a digital platform to help them get their jobs 

done in a more efficient and cost-effective manner. The 

e-commerce platform can rapidly identify the solutions 

that meet a user’s need for efficient transactions and 

swift fulfillment. This e-commerce platform also will 

provide an enhanced user experience to help customers 

find the solutions they need. Oilfield professionals can 

now order products and services quickly wherever they 

are located. theofmp.com, slb.com

Modular control system reduces false alarms
Dräger has released its Regard 7000, a modular con-

trol system for monitoring various gases and vapors, a 

press release stated. The system’s flexible expandability 

ensures long-term viability for gas detection systems of 

increasing complexity. The Regard 7000 offers up to a 

maximum of 1,536 combined channel inputs and out-

puts. It is backward compatible with previous Regard 

systems. The system processes analog transmitter input 

signals supporting remote access via a highway-address-

able remote transducer, which simplifies installation, 

configuration, maintenance and documentation of the 

gas detection system. A Modbus remote terminal unit 

output is available for retransmitting gas detection data 

to higher-level systems. The most demanding alarm 

logic sequences can be easily programmed, such as 

delays for process optimization. The masterless system 

architecture of the Regard 7000 prevents the entire 

system from failing if one component fails (single point 

of failure). It is easy to add independent subsystems. 

False alarms and false faults are effectively reduced by 

optimized signal conditioning filters, manual alarm 

suppression and the automatic comparison of analog 

and digital transmissions. Special analog transmitter 

signals, such as errors or warnings, are indicated as text 

messages, making them easy for anyone to identify. The 

system’s simple, easy-to-read menu layout with user-

friendly icons also simplifies operations and increases a 

plant’s safety. draeger.com 

Onsite rig crew training service educates with 
critical decision-making skills
Wild Well Control Inc., a Superior Energy Services com-

pany, has released its rig site well control Crew Training 

Unit, according to a press release. The training service 

aims to educate drilling rig crews and prepare crews 

to recognize well control issues and understand how 

to safely shut in oil and gas wells. The training can be 

tailored to address specific well control concerns and 

also reviews the indicative signs of well kicks, critical 

decision-making skills in a collaborative format, proper 

drilling techniques and proper shut-in procedures. The 

service will be initially available in the Permian Basin 

region to provide localized training, well intervention 

and emergency response equipment currently staged 

for quick deployment. The Crew Training Unit prepares 

rig crew members to maintain well control when a kick 

occurs during live drilling operations, helping improve 

a rig crew’s knowledge, understanding and awareness of 

well control. wildwell.com

Corrosion-resistant full metal gasket prevents 
leaks in critical infrastructure
Clock Spring Co. Inc. has released its Full Metal Gasket, 

delivering a permanent, zero-emissions, nonleaking seal. 

The Clock Spring Full Metal Gasket is the world’s only 

DNV GL type approved gasket for zero emissions, a press 

release stated. The CNC-milled gasket is manufactured 

from a single block of metal using the same material as 

the surrounding pipe and flange, so it shares identical 

characteristics and can expand and contract in line with 

the adjoining infrastructure to maintain a permanent, 

zero-emissions, nonleaking seal. The gasket design 

includes specially milled ridges that make up the metal-

to-metal seal. The ridges deform according to the surface 

of the flange and seal a 0.3-mm groove. Compression 

produced by the V-shaped rings that create the seal make 

installation easy, reducing the torque required to tighten 

the flange by almost 70%. clockspring.com

The Clock Spring Full Metal Gasket delivers quick installation 

and has consistent and reliable performance. (Source: Clock 

Spring Co. Inc.)
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Customized treatment programs show 
increases in safety, profitability 
A new, customizable treatment program, known as the 

AssurEOR line, was developed by Locus Bio-Energy 

Solutions for improving production and safety. The 

AssurEOR line consists of AssurEOR FLOW treatments 

for paraffin dispersal and wellbore cleaning and Assur-

EOR STIM treatments for EOR, according to a press 

release. All of the products were developed using non-

bacterial, microbial-based formulations that are highly 

potent yet nontoxic, making them safer alternatives 

to chemicals that provide even better results. The pro-

gram utilizes Locus Bio-Energy’s fermentation process, 

allowing each treatment to be fully customized to spe-

cific regional and well characteristics, which maximizes 

performance. The personalized AssurEOR products 

are available for use in the Appalachian, Powder River 

and Permian basins, with plans for additional expan-

sion. locusbioenergy.com

Explosion-proof thermostat operational under 
harsh conditions
Larson Electronics LLC has released an explosion-proof 

thermostat rated at 480V AC that offers temperature 

control for hazardous industrial facilities, a press release 

stated. This unit has a temperature limit range of -45 

C to 80 C (49 F to 176 F) and has a set point knob sys-

tem powered by a single pole, double throw (SPDT) 

snap-action switch, which allows operators to adjust the 

device. The EXP-TSTAT-120.480-86F explosion-proof 

thermostat provides accurate temperature control for 

heating, cooling and ventilation systems located in facil-

ities where flammable gases, vapors or dust exist or may 

exist. larsonelectronics.com

Monitoring and control services assist with 
metering pump, water treatment applications
LMI, a brand of Accudyne Industries, has released two 

new technologies: the cloud-based LMI Connect smart 

monitoring service for water treatment applications and 

the 7000 Series controller, which provides multiparameter 

monitoring and control for metering pumps. The LMI 

Connect service provides real-time remote system access 

from desktop or mobile devices by connecting with the 

LIQUITRON 7000 Series controller via an embedded 

4G/LTE cellular modem, according to a company press 

release. Everything needed to connect—including wire-

less data management, secure protocols, cloud storage, 

web portal and the dashboard app (which works on iOS 

and Android devices)—is provided in a turnkey fashion, 

making it easy for water treaters and plant operators to 

deploy the software seamlessly. The LMI Connect service, 

developed in partnership with AMI Global, shows real-

time status and provides alerts that notify users of changes 

or interruptions in the process. Also, the 7000 Series con-

troller features a 7-in. full-color touchscreen and an intu-

itive user interface offering seamless setup and operation 

in six different languages. The Setup Wizard simplifies 

installation with step-by-step configurations for common 

applications, making it easy to establish sensor parameters 

and pump set points. It also makes it easy to remotely 

control pump flow rates as process conditions change. 

accudyneindustries.com, amiglobal.com

Fleet management technology  
provides flexibility 
Gorilla Safety has released its new oil and gas product 

that allows entities to save time, money and operate 

more safely with greater visibility into operations, 

according to a press release. The bundle offers 

Dynamic Logbook Management for transparency into 

driver availability and history, allowing easy driver 

management. Also, its Dynamic Daily Vehicle Inspec-

tion Report allows configuration of vehicle inspection 

to account for specialized equipment, different cir-

cumstances and operational requirements. The system 

easily allows for managing unidentified driving logs 

records, and Multiple Fleet Manager capability helps 

maintain privacy and organization and offers the abil-

ity to add multiple fleet managers at any level through 

an advanced permission-based system. gorillasafety.com 

Companies to strengthen digital offerings 
through collaboration
Siemens and Aker Solutions have signed a strategic 

collaboration agreement to further develop digital 

This device is adjustable using a set point knob system powered 

by an SPDT snap-action switch. (Source: Larson Electronics LLC)
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offerings in engineering, operations and services, a 
press release stated. The collaboration focuses on the 
creation of software applications and joint service 
offerings including the development of industrial 
digital twins that will drive efficiency throughout the 
entire plant life cycle. In addition, the companies will 
further develop specific offerings for the oil and gas 
sector based on Siemens’ Comos engineering plat-
form. These solutions will help reduce engineering 
and operational costs and enable improved deci-
sion-making. The agreement builds on a long-stand-
ing, successful relationship between both companies 
by combining individual strengths 
and promoting joint offerings. Aker 
Solutions will bring in its domain 
expertise and sector-specific digital 
offerings in field development, asset 
performance and integrity, while 
Siemens will provide a wide range 
of digital offerings for the process 
industries, ranging from automation 
equipment to software applications 
for engineering and simulation.aker-

solutions.com, siemens.com

First transformative predic-
tive maintenance product for 
fast-growing ESP sector
In November 2018, eLynx Tech-
nologies launched its Predictive 
Analytics as a Service (PAaaS) for 
electric submersible pumps (ESPs). 
The new product offers oilfield 
managers maintenance forecasts 
about ESPs and empowers them 
to fix ESP problems before they 
emerge. The result is a reduction 
of downtime for ESPs as well as the 
prevention of damaging events, according to a com-
pany press release. “[With this product], we expect 
to save an average of $7,000 a month per well, with 
some savings rising to $13,000 a month,” said eLynx 
Founder and CEO Steve Jackson. “These estimates 
are based on proof of concepts we have been execut-
ing.” elynxtech.com

Environmentally friendly subsea pipeline 
decommissioning tool developed
Hydraulic subsea tools specialist, Webtool, is develop-
ing a fast intervention tool (FIT) for subsea pipeline 
decommissioning in conjunction with Chevron Energy 

Technology Co. The tool will crimp, seal and cut the 
pipe reducing the potential for contamination of the 
marine environment, potentially removing the require-
ment for a containment dome during pipeline cutting, 
and minimizing diver intervention, a press release 
stated. The FIT is a modular design that combines lift-
ing, crimping, injection and cutting in a single  lifting 
and deployment frame, which also contains the hydrau-
lic control system. Webtool has completed a FIT con-
ceptual design and in-house development and testing. 
It is preparing a working prototype for hyperbaric and 
sea trials. allspeeds.co.uk  

Please submit your company’s updates related to new  

technology products and rvices to Ariana Hurtado at  

ahurtado@hartenergy.com.

Webtool has developed Chevron’s fast intervention tool for subsea pipeline  

decommissioning. (Source: Allspeeds)
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1 US

A high-volume Woodford discovery 

in Squaw Creek Field was announced 

by Continental Resources Inc. in 

Grady County, Okla. The 1-27-22XH 

Wald Ranch-Federal well in Section 

27-14n-13w was tested on a 40/64-in. 

choke flowing 639,961 cu. m/d (22.6 

MMcf/d) of gas and 3,493 bbl/d of 

water. It was tested after acidizing 

and fracturing between 4,368 m and 

7,152 m (14,330 ft and 23,463 ft). 

The Stack play well was drilled north 

to 7,209 m (23,650 ft), with a true 

vertical depth of 4,190 m (13,747 ft), 

and bottomed in Section 22-14n-13w.

2 Chile

GeoPark has announced results from 

exploration well Jauke 1 in the Fell 

Block in Chile. It was drilled to 2,924 

m (9,592 ft) and was tested flowing 

164,238 cu. m (5.8 MMcf) of gas from 

Springhill with a wellhead pressure of 

2,738 psi. According to the company, 

additional production history is nec-

essary to determine stabilized flow 

rates. The Jauke gas field is part of 

the Dicky geological structure in the 

block and has the potential for multi-

ple development drilling opportuni-

ties in the Magallanes Basin. The Fell 

Block produced approximately 2,900 

boe/d (66% gas).

3 Brazil

Petrobras has begun exploratory 

drilling on its operated Peroba 

Block in the presalt region of the 

Santos Basin offshore Brazil. Petro-

bras added 21 new blocks to its 

portfolio in 2017 to 2018 in the 

offshore Santos, Campos, Paraná 

and Potiguar basins. The Peroba 

Block is south of the Lula Field and 

east of Sapinhoá Field. According 

to Petrobras, surveying indicates 

the high potential of the area. The 

water depth is between 2,100 m and 

2,600 m (6,890 ft and 8,530 ft). 

4 North Sea

An oil discovery was announced by 

Azinor Catalyst at its Agar-Plantain 

exploration well in the U.K. sector of 

the North Sea, Block 9/14a in license 

P1763. The 9/14a-17B well and side-

track hit a 20-m (66-ft) interval of 

excellent quality oil- and water-bear-

ing sands with no water/oil contact. 

This venture delineated the eastern 

extent of the hydrocarbon discov-

ery, and additional appraisal drilling 

is planned. The current estimate of 

recoverable resources is 15 MMboe to 

50 MMboe. The 9/14a-17B well will be 

plugged and abandoned. 

5 Egypt

According to TransGlobe Energy, 

the company completed exploration 

well SGZ 6X in the South Ghazalat in 

the Abu Gharadig Basin in Egypt. It 

was tested flowing 2,437 bbl/d of oil, 

39,644 cu. m/d (1.4 MMcf/d) of gas 

and 21 bbl/d of water from a 13-m 

(42-ft) interval in Lower Bahariya 

and 1,403 bbl/d of oil, 28,317 cm/d 

(1 MMcf/d) of gas and 210 bbl/d

of water from a 7-m (23-ft) zone in 

Upper Bahariya. The well was drilled 

to 1,583 m (5,195 ft) and cased. The 

Middle Bahariya produced a small 

amount of formation water using 

nitrogen to lift the fluid to the surface 

from a 2-m (8-ft) perforated interval.

6 Zimbabwe

According to Invictus Energy Ltd., 

the company has confirmed oil 

and gas in Block SG4571 in Zim-

babwe. The apparently viable oil 

and gas reserves are in a 200-sq-km 

(77-sq-mile) area in the Cabora Bassa 

Basin in the Muzarabani district in 

an underexplored interior rift basin. 

The original data were gathered in 

the 1990s and the oil and gas deposits 

are in a 200-sq-km area. Drilling and 

exploration are planned for 2020. 

7 Kazakhstan

Condor Petroleum is underway 

at a two-well infill program at its 

Zharkamys Concession onshore 

Kazakhstan in the Pre-Caspian Basin. 

According to the company, the first 

unnamed horizontal well has been 

completed and is being tied into the 

production facility. A 500-m (1,640-ft) 

lateral section was drilled, and oil pro-

duction was expected to commence 

later in 2018. Intermediate casing 

has been set on the second horizon-

tal well, and the lateral section drill-

ing is underway. The second well is 

planned, and a two-well workover 

program also is underway. 

8 Thailand

Pan Orient Energy has reported 

that its onshore Thailand explora-

tion well, L53-DD1, encountered an 

interpreted, combined 26 m (85 ft) 

of net oil pay within three separate 

sandstone reservoirs between 960 

m and 1,125 m (3,149 ft and 3,691 

ft) true vertical depth. The interpre-

tation was based on conventional 

openhole wireline logs and hydro-

carbon indications observed during 

drilling and confirmed with post-

drill pressure data and oil samples 

brought to surface. Appraisal well 

L53-DD1 will target two of the three 

reservoirs substantially updip of the 

discovery well. The discovery is in 

northern part of Concession L53. 

9 Indonesia

Cue Energy Resources Ltd. reported 

elevated gas readings at exploration 

well Paus Biru-1 in offshore Indone-

sia’s Sampang production-sharing 
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contract. The well was drilled to 710 

m (2,319 ft), and gas readings were 

encountered in the targeted Mundu. 

Additional testing, including pressure 

and fl uid sampling, are planned to 

establish the fl uid content, hydrocar-

bon columns and saturation of pos-

sible reservoir intervals encountered.

10 Australia

Buru Energy Ltd. is drilling a sidetrack 

well at Ungani 4 in Western Australia’s 

onshore Ungani Field in the Canning 

Basin in production licenses L20 and 

L21. The planned bottomhole loca-

tion of the well is about 60 m (197 ft) 

to the southwest of the current bot-

tomhole location. The objective of the 

sidetrack is to test and improve the 

productivity of the well. After drilling 

and testing, the rig will be moved to 

drill exploration well Ungani 1 West. 

Also, the company is performing a 

production test at Ungani 1 Far West, 

which is producing at fl uid rates up to 

1,000 bbl/d (with a 50% oil cut). 

11 Australia

Cooper Energy has completed its 

prospective resource assessment 

technical assessment unrisked best 

estimate (P50) of the Annie and 

Elanora prospects in VIC/P44 and 

VIC/L24 in the offshore portion of 

South Australia’s Otway Basin. The 

Annie prospect (VIC/P44) is esti-

mated at 2.01 Bcm (71 Bcf) of gas, 

and the Elanora prospect (VIC/L24) 

is estimated at 2.83 Bcm (100 Bcf) of 

gas. The primary reservoir targets 

are Waarre A and Waarre C, which 

are the productive reservoirs in the 

Casino and Minerva gas fi elds. Area 

water depth at the two prospects is 

70 m to 80 m (230 ft to 262 ft). Ela-

nora straddles VIC/L24, VIC/L30 

and VIC/P44. Additional explora-

tion, appraisal and evaluation are 

required to determine potentially 

moveable hydrocarbons. 

12 Papua New Guinea

Oil Search Ltd. has spud appraisal well 

Muruk 2 in the Highlands province in 

Papua New Guinea. The company is 

drilling the appraisal well on behalf of 

operator Exxon Mobil Corp. in Juha 

Block petroleum development license 

(PDL) 9. It is approximately 11 km (7 

miles) northwest of the discovery at 

Muruk 1 where the venture hit 

high-quality sandstone reservoirs simi-

lar to those found in Hides Field. The 

exploratory well has a planned depth of 

3,500 m (11,483 ft) and will test a Cre-

taceous Toro Sandstone reservoir. 
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Ricardo Chocarro has resigned as CEO 
of Siemens Gamesa’s onshore busi-
ness unit, and Mark Albenze has been 
appointed to take over as interim CEO. 
In addition, Miguel Ángel López has 
been appointed nonexecutive chair-
man of the board of directors, replac-
ing Rosa García. David Mesonero has 
been elected to succeed López as CFO.

Bjørn Petter Lindhom has been 
appointed interim CEO of EMGS, 
following Christiaan Vermeijden’s 
resignation from the position.

Bristow Group Inc.’s Jonathan E. 

Baliff will retire as CEO of Bristow 
Group, and Thomas N. Amonett has 
been appointed interim president 
during the transition process. 

Giulio Bozzini has been 
appointed CFO of Tenova. 

Whiting Petroleum Corp. has named
Charles J. “Chip” Rimer COO.

W&T Offshore Inc. has 
named Janet Yang (left) CFO 
and executive vice president, 
succeeding retiree J. Dan-

iel “Danny” Gibbons. Additionally, 
Thomas P. Murphy, senior vice pres-
ident and COO, has left W&T. Vice 
presidents David M. Bump and William 

J. Williford assumed his responsibili-
ties. Bump was promoted to executive 
vice president of drilling, completions 
and facilities, and Williford was pro-
moted to executive vice president and 
general manager of Gulf of Mexico.

Cameron W. George has been 
appointed interim CFO of Sanchez 
Energy Corp., following the resigna-
tion of Howard J. Thill.

Advantage Oil & Gas Ltd. has 
appointed Michael Belenkie COO.

Energean Oil & Gas Plc has 
appointed Iman Hill COO.

Brent Smolik has joined Noble 
Energy as COO and president. In 
addition, Gary Willingham, execu-
tive vice president of operations, 
has left the company.

Jeffrey S. Balmer has joined Cal-
lon Petroleum Co. as COO and 
senior vice president, succeeding 
Gary A. Newberry. 

Desert Downhole Tools LLC has 
named Kelly Raper president.

Steven W. Green has been elected 
president of Chevron North Amer-
ica Exploration and Production, 
effective in March. He will be suc-
ceeding Jeff Shellebarger who will 
retire from Chevron after 38 years 
of service. In addition, Nigel Hearne 
has been appointed president of the 
company, succeeding Green (also 
effective in March).

Wild Well Control, a Superior Energy 
Services company, has named Bryan 

Ellis president. Freddy Gebhardt, 
who stepped down as president, will 
remain active with Wild Well in the 
role of senior adviser.

EQT Corp. has promoted Jonathan 

Lushko to general counsel and 
senior vice president of government 
affairs, external affairs, corporate 
communications, environmental 
and the governance and corporate 
secretarial functions. Erin Cento-

fanti has been promoted to exec-
utive vice president of production, 
and Blake McLean was named 
senior vice president of investor rela-
tions and strategy. Moreover, Lewis 

Gardner, general counsel and vice 
president of external affairs; David 

Schlosser, Jr., senior vice president 
and president of E&P; and Patrick 

Kane, chief investor relations offi-

cer, have stepped down from their 
positions with EQT and its subsidiar-
ies. In addition, Anita Powers, Jerry 

MacCleary, Christina Cassotis and 
Bill Lambert have been elected to 
the company’s board of directors. 
Robert J. McNally has joined the 
board of directors, and James E. 

Rohr has been appointed chairman, 
taking over for David L. Porges.

Odin Estensen has joined 
Neptune Energy’s Norwe-
gian business unit as man-
aging director. 

Igor Safonov has been 
elected director general 
of Gazprom UGS.

Petrotechnics has appointed Bill 

Lutz regional manager for North 
America, David Ross regional man-
ager for the Middle East and Sophie 

Menard partner solutions manager 
in the Middle East.

Ampelmann has named Tim 

Mulders business developer of its 
new office in Dubai.

Chris Newton has been appointed 
chairman of Tap Oil Ltd., and Dr. 

David King has been appointed a 
nonexecutive director.

Carla J. Bailo has been elected direc-
tor of SM Energy Co. and will serve 
as an independent director and 
member of the audit committee of 
the board of directors.

Wentworth Resources Plc has 
appointed Katherine Roe, Tim 

Bushell and Iain McLaren to its 
board of directors. Bushell has been 
elected chair of the remuneration 
committee, and McLaren has been 
appointed chair of the audit com-
mittee. In addition, Bob McBean will 
move from executive chairman to 
nonexecutive chairman.
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Total has opened a lubricants oil blend-
ing plant located in the Kaluga region 
of the Russian Federation. The plant is 
equipped with a fully automated blend-
ing system and ultramodern filling lines.

AFGlobal has launched an engineered 
bolting business for offshore and 
onshore oil and gas applications.

Weatherford International Plc has signed 
a definitive agreement to sell its labora-
tory services business to a group led by 
CSL Capital Management LP for $205 
million in cash. The transaction was 
expected to close by the end of the year. 

Chesapeake Energy Corp. announced 
its intention to acquire WildHorse 

Resource Development Corp. for nearly 
$4 billion. The transaction is expected to 
close in the first half of 2019.

Fairfield Geotechnologies has entered 
into a definitive agreement with Mag-

seis ASA whereby Magseis will acquire 
the Seismic Technologies business 
from Fairfield, comprising data acqui-
sition, nodal and system sale and 
rental activities, including all shares 
in Fairfield’s wholly owned U.K. sub-
sidiary WGP Group for approximately 
$233 million. The name of the new 
business will be Magseis Fairfield, and 
the transaction was expected to close 
by year-end 2018.

Premium Oilfield Technologies has 
acquired Cutter Drilling Systems.

BASF and LetterOne signed a defini-
tive transaction agreement to merge 
their respective oil and gas businesses 
in a joint venture, which will operate 
under the name Wintershall DEA.  
he transaction is expected to close in 
the first half of 2019. 
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last
WORD

Barry Zhang, Quantico Energy Solutions

I think most of us know what a killer app is. Wikipedia 
defines it as any computer program that is so necessary 

or desirable that it proves the core value of some larger 
technology. The most famous killer app was the intro-
duction of the spreadsheet in 1979. When VisiCalc and 
Lotus 1-2-3 were released for the Apple II and IBM-com-
patible computers, respectively, an invasion of personal 
computers into the enterprise market followed. A $100 
to $300 software package pulled through sales of com-
puter systems that cost $2,000 to $10,000.

Today, energy companies are 
spending billions of dollars on 
the infrastructure to capture the 
promised return on investment of 
Big Data. Key components include 
data ingestion engines, data lakes, 
cloud hosting, contextual search 
and artificial intelligence (AI) 
applications. The picks and shovels 
of Big Data are expensive. 

Compared to the large budgets 
and relative maturity of AI for pro-
duction operations, midstream and 
refining end markets, the subsur-
face is a comparatively small minnow swimming alongside 
whales. What will make AI the killer app for the subsur-
face? Capability enablement. Cost efficiencies will be a 
major driver for AI, but the hidden killer app will be that 
AI can create entirely new workflows previously impossi-
ble with traditional software and oilfield hardware. 

One powerful application of AI is to utilize drilling 
data and LWD gamma to create synthetic well logs in real 
time. Another application is to short-circuit traditional 
seismic inversion workflows by leveraging machine learn-
ing inversions that deliver higher resolution (approxi-
mately 3 m [10 ft]) in faster time. Each capability stands 
on its own regarding delivering cost efficiencies to the oil 
company. However, what if we connected these workflows 
into a common machine learning environment?

AI software can utilize drilling data to generate well 
logs automatically. The well logs may subsequently 
be used to update the seismic inversions in near real 
time (regionally around the wellbore). Horizons and 
reservoir properties are no longer static models but 
are dynamically updated with tremendous speed and 
resolution that no traditional reservoir modeling soft-
ware package could keep up with. From geosteering 
to reservoir modeling, this capability enablement of 
unified, machine learning native workflows will have 
powerful impacts.

Let’s raise the bar farther. Traditional LWD sonic 
tools sit 30-plus m (100-plus ft) behind the drillbit. The 

tools output measurements are 
every 6 in. to 12 in. These are 
physical axioms that even the best 
sensor engineers cannot engineer 
around. However, AI does not 
take up real estate on the bottom-
hole assembly.

Moreover, the drilling data are 
generally measured every 1 to 3 
seconds. By leveraging the drilling 
data, the AI-based synthetic logs 
can provide formation proper-
ties every inch and deliver those 
data at the drillbit. The result is 

a high-resolution well log that exhibits resolution very 
close to that of an image log, all by utilizing the data 
already being collected. Delivering rock properties at 
the drillbit rather than 30 m too late enables a closed-
loop AI system to optimize drilling parameters based on 
soft versus hard rock drilling.

Will these novel capabilities made possible only with 
AI create that killer app that E&P professionals have 
been waiting for? The most noticeable litmus test will 
be the impact on cost efficiencies and faster cycle times. 
A more powerful yet hidden yardstick will be rapid 
bursts of new workflows engendered by AI and only 
deliverable by the interconnection of subsurface data 
types across drilling, formation evaluation and geophys-
ics in a machine learning native environment. 

What will make AI the killer app for  
the subsurface?   
Intelligent applications capable of automatically generating new workflows for the 
subsurface will transform the industry.

Energy companies are  
spending billions of  

dollars on the  
infrastructure to capture 
the promised return on 
investment of Big Data.
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