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Upstream contracts fall, but billion-

dollar deals remain

By Velda Addison, Associate Online Editor

Just under 40 major contracts—for work

such as engineering, procurement and

construction, FEED and subsea, umbilicals,

risers and flowlines—were awarded

between January and March 2015.

Energy, 

technology are 

great enablers

By Rhonda Duey,

Executive Editor

Anadarko’s leader

praises contributions 

of both.

Pricing pressure squeezes 

proppant market

By Velda Addison, Associate Online Editor

The desire to maintain market share in

the long run and avoid losing business

when the market recovers likely means

proppant companies will not force

customers to live up to their contracts.

OptaSense, Weatherford partner for well service solutions
Weatherford’s OmniWell in-well optical production and reservoir mon-

itoring systems will combine with OptaSense’s distributed acoustic

sensing technology to improve reservoir management/EUR. 

Canada drilling might be halved this year
The number of oil and natural gas wells forecast to be drilled in Canada

this year will plunge to 5,320 from 10,830 in 2014, the Petroleum Services

Association of Canada said.

Eni starts Cinguvu Field oil production offshore Angola
Eni SpA started Cinguvu Field oil production offshore Angola two weeks

ahead of schedule. Production began at the West Hub development

project in Block 15/06.
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Chevron lauds exploration success 

with gas find

By Lauren Barrett, Hart Energy

The Isosceles-1 exploration discovery well

encountered about 134 m (440 ft) of net gas

pay in the Triassic Mungaroo Sands in 968 m

(3,176 ft) of water offshore Australia.
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Time to lose the ‘lazy’ tag

W
hen an industry leader bluntly admits the oil business has been lazy, he isn’t
pulling any punches.  

Samir Brikho, chief executive of Amec Foster Wheeler, knows his stuff. I was
lucky enough to spend time working with him when he was chairman of Off-
shore Europe in Scotland some years ago. So when he told his audience during
the Offshore Technology Conferece (OTC) in Houston that the industry has
been lax in increasing levels of collaboration and standardization, they listened.

Brikho said, “Within the oil and gas industry we have been relatively lazy. We
have been speaking about collaboration for some time, but when operators have
been talking about it, it all sounds okay until they place their order. It is the same
the other way with the contractors too.”

The reasons for better collaboration and standardization are compelling.
Brikho pointed out that with $500 billion in capex to be spent this year on about
800 projects to extract 60 Bboe, up to $150 billion of that may well be delayed.

“When the oil price was around $10/bbl, operators were making a 10% mar-
gin,” he said. But when it was $100/bbl they were still only making a 10% margin,
he said. This, combined with the industry’s poor performance on delivering
major projects on time and budget, illustrates the necessity to further collaborate.

On standardization, he pointed out that thousands of offshore platforms were
virtually all different despite essentially doing similar jobs. Brikho urged every-
one to embrace a higher degree of standardization. “We don’t need to reinvent
the wheel every time,” he said. “When someone goes to buy a Mercedes car, they
do not say ‘I want a 522 or a 523.’ The dealer says, ‘You pick a 500 or a 600, and
that’s it!’ That is what we need to do more of in this industry.”

His comments were reinforced by Ian Cummings, vice president of engineer-
ing at BP’s Global Project Organization. Speaking on an OTC panel, he high-
lighted the drive to simplify and standardize specifications. BP estimated it was
spending $10 million to $15 million per major project on recreating procure-
ment specifications. In one case the operator had two separate but similar proj-
ects ordering the same equipment, with one project team issuing a 1,200-page
specifications document and the other an 800-page document. Both were also
largely different in terms of their specifications despite the similar kit required.

But it appears the industry is responding. Cummings pointed out that BP “has
worked hard” to change that process, with the benefits of standardizing more of
its specifications now apparent with reduced schedules and costs.

Specifications were touched upon by Thierry Pilenko, Technip’s CEO, when I
talked with him about Technip’s 50/50 Forsys Subsea joint venture with FMC
Technologies. Pilenko told me he saw “a real opportunity” for operators to look
at clusters of projects being considered for development globally and prepare
better standardized solutions. 

An example of this came from Shell’s Ian Silk, vice president of deep-
water projects, who pointed out that standardizing subsea tree designs
had helped it shrink global delivery times by up to 12 months. 

Looks to me like this industry is now losing the “lazy” tag. 
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R
oyal Dutch Shell Plc’s recent statement that it intends
to acquire BG Group Plc for $70 billion in cash and

shares was one of the biggest announcements in the
industry in decades. It also has industry players scram-
bling to determine what it means for the future. Shell was
willing to pay BG shareholders a 50% premium on what
their holdings were worth just prior to the bid. Naturally
there are some big questions to be answered: Why was
Shell willing to pay such a premium? What does it por-
tend about future M&A activity and the energy business
as a whole? Are we facing a new round of super mergers
like the ones that created Exxon Mobil, BP Amoco and
TotalFinaElf? Exxon Mobil is in a strong cash position,
holding about $300 billion in U.S. treasury notes alone.

Global strategy
The proposed acquisition appears to be a unique fit that
returns Shell to the global natural gas strategy it
embarked on in the 1990s, one in which LNG markets
will enable the monetization of previously stranded gas

resources worldwide. While BG is relatively small com-
pared to Shell, it has a huge portfolio of assets and proj-
ects that will complement Shell’s existing position in
Atlantic LNG, Brazil, Australia and Africa. 

The acquisition will result in a company that produces
more than half the LNG produced by the entire country
of Qatar. It would make Shell the world’s third-biggest
natural gas producer, behind Russia’s Gazprom and the
National Iranian Oil Co.  

Shell missed out on the merger mania of the late
1990s and was criticized by many shareholders and mar-
ket analysts for moving too slowly and missing out on an
opportunity to expand. Today, however, Shell is the first
mover, making a big strategic move in a new era where
low commodity prices and the availability of cash are
creating many potential mergers and acquisitions
(M&A). But will there be similar M&A? The combina-
tion of some companies sitting on cash plus distressed
assets that may complement portfolios makes this possi-
bility more likely.

Conventional, unconventional opportunities
It is clear that opportunities exist and that companies

with deep pockets, such as Exxon
Mobil and Chevron, are poised to
jump in. In general, these companies
are having a harder time growing
organically. But it also is important to
realize what kinds of opportunities
they may seek. 

Many independents that have
been active in the relatively expen-
sive unconventional resource plays
are struggling and appear to be espe-
cially ripe for the picking. But super-
majors have struggled in the shale
plays. And it doesn’t seem likely that
in this price environment they will
be willing to double down. 

Instead, it seems likely that their
efforts will focus on companies with
more conventional assets, both
onshore and offshore, with global

8

industry
PULSE

Shell’s BG acquisition: Implications
for the industry
Companies may use M&A during the downturn to position themselves for long-term success.

John T. Young Jr., Conway MacKenzie 

FIGURE 1. Exploration costs are expected to change in 2015. Liquidation and consolida-

tion are already occurring on an increasing basis. (Source: Wood Mackenzie Future of

Exploration Survey 2015)
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portfolios. Like Shell, these companies are looking at

longer term horizons and opportunities to replace and

grow reserves over decades. 

As for the shale players, it seems more likely that mar-

riages of convenience will dominate. Combinations of

companies with complementary portfolios appear likely

as companies look to reduce costs and increase efficien-

cies. M&A activity is one of the easiest ways to get there.

It is not hard to imagine that in the near future a class of

super-independent shale operators will exist to capitalize

on the application of proven techniques in the “manu-

facturing” phase of shale production. 

In the service sector there will likely be liquidation

and consolidation on a very broad scale as service com-

panies become insolvent and assets are acquired by

stronger competitors or creditors. This is already occur-

ring on a growing scale. This landscape is likely to look

much different by the time commodity prices recover. 

About that recovery
The trillion-dollar question is, “When will the market

recover?” Currently, things don’t appear to be moving in

that direction. Saudi Arabia has boosted crude produc-

tion to its highest rate on record, according to its oil

minister, Ali al-Naimi. A sudden wave of demand from

refiners and increased production at home is resulting

in more Saudi crude in the market. 

While demand is up in Asia, Saudis have walked up

the price on exported crude that was initially dis-

counted. This may be an example of the overall strat-

egy of Saudi Arabia―to keep prices low until buyers

start to buy, thus gaining market share. Once it has

market share, the price will go back up. The kingdom

produced a record 10.3 MMbbl/d of crude in March.

The previous peak was 10.2 MMbbl/d in August 2013.

This increase in output demonstrates that Saudi Arabia

is sticking to its vow not to give away markets to U.S.

shale producers or to Russia. Russia, like any good

petrostate in a time of depressed oil prices, is flooding

the market along with Venezuela, Libya, Iran, Algeria

and many others. Its only solution is to pump its way

back into the black.

Overall, OPEC continues to be unwilling (and outside

of Saudi Arabia, unable) to cut production to remedy

low oil prices. 

For prices to recover, production will likely need to be cut

somewhere, and that will begin with a slowdown in explo-

ration (Figure 1). There is evidence that this cycle of events

is already occurring. Baker Hughes stated there were 2,557

rigs in service worldwide in March 2015, down 14% from

the previous month and 29% less than March 2014. 

Offshore, the rig count for March was 316, down eight

from February and down 18 year-on-year. U.S. rig counts

are down 17% from March, and North Dakota’s rig

count fell 50% year-to-year. 

On average, industry budgets are being slashed by

30%, which is a trend that will eventually impact supply

and price, but not for many months. Crude oil stocks

also are soaring, as seen in Figure 2. This puts additional

downward pressure on oil prices. 

Interplay with monetary policy
Historically, a stronger dollar has coincided with a

decrease in the price of oil and vice versa. Today’s strong

dollar brings no exception. Currently, the Federal

Reserve System (Fed) views the strong dollar as a hedge

against inflation. This hedge will allow the Fed to extend

its timeline for increasing interest rates, providing more

capital to fund M&A activity.  

Finally, there is geopolitics. Continued turmoil in the

Middle East and Africa―ISIS, Yemen, Syria and Boko

Haram―are all factors that could and normally would

drive oil prices higher. But fundamentals, namely supply

continuing to outpace demand, are countering any

impact from world events. 

With a commodity price recovery likely many months

away, the upstream sector has some challenging months

ahead. No doubt there will be a whole host of changes

including bankruptcies, layoffs, divestitures and M&A.

Other companies may follow Shell’s lead, taking advan-

tage of this opportunity to position themselves for a

long-term success.
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FIGURE 2. U.S. crude oil stocks are soaring, which adds pressure

to lower prices. (Source: U.S. Energy Information Administration)
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After past excesses, Lawler 
reshapes Chesapeake
New leader is working closely with major investor Carl Icahn to iron out the wrinkles.

A
conversation about U.S. shale and unconventional
development invariably leads to the mighty Chesa-

peake Energy Corp.
Yet when Doug Lawler, Chesapeake’s president and

CEO, joined the company in June 2013, it was a fun-
house mirror reflection of its reputation, on the brink of
bankruptcy while paying beekeepers and amassing a
wine collection.

“Despite all your best due diligence, what I found
when I got inside the company was much, much worse

than I thought,” he said at the
Houston Producer’s Forum lunch-
eon on April 21.

Lawler stepped in at Chesapeake
after the departure of the com-
pany’s co-founder and then CEO,
Aubrey K. McClendon, who left
due to pressure from activist
investor Carl Icahn.

Lawler resolved to rebuild
Chesapeake. At the luncheon, he
likened himself to Ernest Shackle-
ton, the British explorer who led
expeditions in Antarctica during

the early 1900s.
Shackleton’s crew for the expeditions is said to have

responded to a bleak recruitment notice: “Men wanted for
hazardous journey. Small wages. Bitter cold. Long months
of complete darkness. Constant danger. Safe return doubt-
ful. Honor and recognition in case of success.”

“When I went into Chesapeake, that’s what I thought,”
he said. “It was a really, really challenging dark time.”

The company had begun foundering when Icahn, who
is known for forcing big changes at companies he invests
in, acquired a 7.5% stake in Chesapeake in 2012. At the
time, Icahn said in a statement that “now more than ever
the company needs the stewardship of a strong board—a
board that can instill confidence in the shareholder base
and restore accountability and credibility.”

McClendon founded Chesapeake with Tom Ward in
1989 and built it into one of the top E&P companies in
the U.S. Under his leadership, Chesapeake discovered
the Haynesville Shale, Utica Shale, Tonkawa Sand and
Mississippi Lime unconventional plays.

But the company had overextended and was drowning
in debt with little relief in sight. By the time Lawler
stepped in, he realized Chesapeake needed ballast to
right itself—and money.

Cleaning house
When he arrived at Chesapeake, Lawler didn’t waste any
time cleaning house of the company’s current “culture
of entitlement,” he said.

Within two months as CEO, several directors and top-
level executives were shown the door. He also downsized
the workforce by 18%, laying off more than 800 employ-
ees during his first year with the company.

In a note to employees, Lawler said this reorganiza-
tion would make Chesapeake more “competitive and
focused,” said David Tameron, senior analyst with Wells
Fargo Securities, in a report.

“Our take on this is the Doug Lawler era has begun,”
Tameron said.

Lawler came to Chesapeake after a stint at Anadarko
Petroleum Corp., where he had served in increasingly senior
leadership roles. He had started his career with Kerr-McGee
Corp. in 1988, which was acquired by Anadarko in 2006.

For Lawler, the company was quite a culture shock.
Every day he discovered something that simply blew him
away, he said.

“It was beekeepers in gardens, wine collections and all
kinds of crazy things—we are an E&P company,” he said.

Despite all the inherited baggage, the company has
solidly increased productivity while lowering spending
since Lawler arrived.

In 2013 Chesapeake reduced its capex to $6.9 billion,
down from $13.4 billion in 2012.

Lawler instilled a new philosophy of value creation
through financial discipline and strategic capital alloca-
tion based on prescribed performance metrics geared
toward increasing value.

Emily Moser, Associate Online Editor

world
VIEW

Doug Lawler, 

president and 

CEO, Chesapeake

Energy Corp.
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Under Lawler’s direction, the company also began a campaign to divest a
bulk of its noncore assets. The company spun off of its service company, Sev-
enty Seven Energy Inc., and in late 2014 sold its southern Marcellus assets to
Southwestern Energy Co. for nearly $5 billion.

Past the ugly
For the most part, Lawler said the hard part for Chesapeake is over. “The ugly
process,” he said, took place in 2013, with the company fine-tuning its perform-
ance the following year.

“I look to 2015 and
beyond as how Chesa-
peake can align the qual-
ity assets, the quality
employees with perform-
ing better in the E&P
group,” he said.

Like most E&P leaders,
the plunge in commodity
prices is now among
Lawler’s worries.

“Chesapeake is bur-
dened with legacy debt,”
he said. “We’re fighting

that challenge every single day. Without having additional cash flow from
higher [commodity] prices, it makes it more difficult to offset and improve
that debt.”

Due to the low commodity prices, Chesapeake announced in March another
cut to its capex to $3.5 billion from $4 billion for 2015. This was a huge reduc-
tion from the capex of $6.7 billion for 2014.

The company also announced a decline in its targeted production in 2015.
It expects to operate 25 to 35 rigs this year, down 55% from the 64-rig average
in 2014.

“While we’re all experiencing the financial impact of the low commodity
prices, I believe the last man standing will be the company that’s the most effi-
cient operator with the best assets,” he said.

Lawler also said at the luncheon that he has a great relationship with the
notoriously meddlesome Icahn.

Just last month Icahn boosted his stake in Chesapeake to 10.98%. Icahn's
holding company, Icahn Associates, disclosed it held about 73.1 million shares
through an amended 13D filing in March, up from the roughly 66.5 million
shares it held at year-end 2014.

After joining the company, Lawler said a reporter asked him when he
thought his honeymoon with Icahn would end. His response: “It will end
when I stop driving the greatest value for shareholders. And I fully expect him
to fire me when that happens.”

The Oklahoma City-based company is a leader in most of the country’s
shale plays and the second-largest producer of natural gas in the U.S. It has
also gained relative financial health at a time of poor commodity prices com-
pared to other E&Ps.

Despite the challenges Chesapeake faces in the current commodity cli-
mate, that outcome for Lawler seems unlikely.

A rig on the horizon drills to the Mississippi Lime

for Chesapeake Energy near Alva, Okla.

(Source: Chesapeake Energy Corp.)
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I
t is a hurricane of pain for land drillers after operators
cut rig count in half during the first four months of

2015. While the land drilling sector is not out of the
woods, the bottom is in sight, likely before—or right
around—the end of the second quarter. That bottom
may match the 56% reduction in rig count the industry
witnessed during the 2009 downturn.  

The current downturn has exceeded the steep trajec-
tory from 2009. Essentially operators are removing an
estimated $60 billion in domestic land-based capital
spending during the first six months of 2015. The
reduction is indiscriminate,
with the most modern rigs
stacking out side-by-side
with legacy conventional
mechanical units as opera-
tors bring spending in line
with reduced revenues. 

“I wouldn’t say it is
‘doom and gloom’ any-
more,” a top-tier driller
working in the Haynesville
Shale told Hart Energy.
“We already hit that. But
we are having to cut our workforce and watch every-
thing we do and work strictly off of performance.”

A majority of drilling now either involves contracted
work, often at rates renegotiated lower in exchange for
time extension, or efforts to meet lease obligations.

As one mid-tier publicly held Permian Basin operator
said, “We are going to slow down and not do anything
we don’t have to do, so we will complete the wells we
started. Rates haven’t come down enough, but there are
a lot of rigs available, and pricing is coming down.”

Operators participating in Hart Energy surveys said
rig rates would have to drop 30% for drilling to make
economic sense in the Permian at $50 oil.

Rig rates are, in fact, coming down. Rates for Tier I
AC-VFD 1,500-hp units peaked at $26,000 to $28,000
on average in most markets. At press time, survey

results showed rates for the same rigs had dropped to
$19,000 to $21,000 per day—and lower in markets
that have been hit hard by the slowdown. By the time
the process runs its course, benchmark rates for the
highly desired 1,500-hp Tier I units may fall into the
$17,000 to $19,000 per day range. Rates for those
units are already in that vicinity in the Midcontinent
market, though there is little demand for new work at
any price. 

The lack of work points to a greater issue when it
comes to tracking pricing. There is not enough new
work to produce a reliable figure for leading-edge rates.
Furthermore, equipment like top drives that had been
priced separately from the day rate is now folded into

the daily rate, masking an
even greater reduction in
pricing for drilling services. 

“We are trying to get our
rigs to work at a 30% dis-
count to what we were get-
ting. We want to make
payroll,” a mid-tier publicly
held driller who operates
in the Barnett/Haynesville/
East Texas region told
Hart Energy. 

“Operators are trying to
get out of contracts, buying some out, but mostly com-
panies, if you have a good relationship, will keep on
drilling,” a mid-tier privately held driller in the Permian
Basin told Hart Energy. “They are taking advantage of
the low drilling cost.”

The Midcontinent appears to be the market hit hard-
est—despite the fact that the only play in the U.S. able
to maintain a steady rig count to date is the Cana Wood-
ford. Spot market rig rates are down between 35% and
40%, though there is little demand for rigs outside the
Cana Woodford and SCOOP, even at that pricing.

Both operators and contractors told Hart Energy
surveyors that demand for drilling services may return
late third-quarter 2015, with some contractors in the
Haynesville/East Texas area noting a recent small rise
in bid inquiries. 
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Despite deflating rates, little 
demand for drilling services
Most drilling involves finishing contracts or meeting lease obligations.

Richard Mason, Chief Technical Director

• Rig rates down 25% to 30% in most
markets

• Hard-hit markets like the Midconti-
nent have seen rig rate reductions
exceed 35%

• Operators and contractors expect
demand for drilling services will
pick up late third-quarter 2015 
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A
pparently low oil prices aren’t dampening interest

in offshore technology. The Offshore Technology

Conference (OTC) held in Houston in May had an

attendance of more than 94,000 people, the sixth

highest in the conference’s 46-year history. Obviously

the current economic environment doesn’t mean peo-

ple will stop innovating.

One of the sessions at OTC focused on frontier deep-

water. In this case “frontier” apparently means “really,

really deep.” The number 15,000 (as in feet of water)

was thrown around almost casually. But the technology

required to get there is anything but a cakewalk.

Robert Bloor of Schlumberger talked about acquiring

seismic in these frontier areas. Operationally, seismic

acquisition in deepwater is not impacted nearly as much

as drilling or production operations. However, getting it

right is a significant challenge.

Bloor said that in these types of operations there is

always a tension between the efficiency of the operation

and the quality of the end product. Operators will need

seismic data in a timely fashion ahead of lease sales. But

due to a lack of existing data in frontier areas, the

datasets will need to be of high quality to help operators

make leasing decisions and de-risk drilling operations.

“As well as providing an image of the drilling targets,

the seismic survey must deliver reliable information

about the overburden to mitigate drilling surprises,”

Bloor’s abstract noted.

To gain efficiencies, seismic contractors have been

increasing the size of the towed streamer spread by spac-

ing the streamers farther apart. This has economic bene-

fits in terms of faster and cheaper acquisition, but quality

has suffered due to a lack of data in the crossline direc-

tion. He offered a snapshot of a different kind of system

that has been tested to date in shallow water but that is

suited for deepwater as well. The system uses calibrated,

full-bandwidth microelectrical mechanical system sen-

sors to provide acceleration measurements in both the

vertical and crossline directions. The sensors are

deployed on streamers along with traditional

hydrophones, which collect total pressure data.

Accelerometer readings are converted to vertical and

horizontal pressure gradients. Using the pressure and

horizontal measurements together allows wavefield inter-

polation between cables for crossline sampling.

Obtaining the crossline data has allowed the company

to increase the streamer spacing, which not only

increases the size of the spread but has operational

advantages because there’s less chance that the stream-

ers will tangle. In one survey in the North Sea, streamers

were spaced at 75 m (246 ft) in the first survey and 100

m (328 ft) in a second survey. There was very little differ-

ence in the resulting data.

The company also experimented with moving dual

sources farther apart. In one example, they were moved

from 50 m (164) apart to 450 m (1,476 ft) apart. This

added several hundred meters to the size of the spread. 

“Now we can cover more ground more quickly,”

Bloor said. 

It might be a few years before operations at 

these depths are common. But the

technology is there to image them

when that time comes. 

Deep imaging gets a boost
New technologies combine efficiency, quality in deepwater surveys.

Read more commentary at 

EPmag.com

RHONDA DUEY
Executive Editor 

rduey@hartenergy.com
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Image a shows the pressure wavefield as measured by conven-

tional acquisition systems comprising 10 streamers towed 100 m

apart.  In b, the same record is shown after wavefield reconstruc-

tion using multimeasurement data to provide fine-scale sampling

in the cross-cable direction. Note the energy modes propagating

across the spread (arrowed). (Source: Schlumberger)
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T
he more things change, the more things stay the
same. In 1986 Baker International Corp. and Hughes

Tool Co. merged due to a depression in the industry.
The market value of the merged company was $1.2 bil-
lion. Nearly 20 years later Halliburton is taking over
Baker Hughes for $34.6 billion equity value during a
downturn in the industry. My, how things have changed.

What have stayed the same are the Department of Jus-
tice’s requirements for the Hart-Scott Rodino Antitrust
Improvements Act of 1976. When Baker and Hughes
merged in the mid-1980s, Baker owned Reed Tool. In
keeping with that act, Baker sold substantially all of its
Reed Tool division to Camco Inc. to clear the way for the
merger. After changing hands several times, Reed Hycalog
bits are now offered by National Oilwell Varco (NOV).

For déjà vu all over again, Halliburton will separately
market its fixed-cutter and roller-cone drillbits, direc-
tional drilling, and LWD/MWD businesses for the merger
with Baker Hughes. That will allow Halliburton to own
the Hughes bit brand and the rig count. From what I’ve
heard on the street, NOV may step in and bid on the Hal-
liburton bits. The merry-go-round has started again.

And, if you like really high-stakes poker, you can
ante up like Shell did for BG Group―$70.1 billion. It

is the latest in a long series of takeovers dating back to
1984, when Standard Oil of California (Chevron)
bought Gulf Corp. for $13.4 billion. There were two
major acquisitions in 1998―Exxon bought Mobil for
$80 billion, and BP added Amoco for $48 billion.
Chevron acquired Texaco in 2001 for $45 billion.

Shell’s acquisition of BG has been a subject of specu-
lation for quite a few years. BG’s emphasis on natural
gas development always seemed to be a great fit with
Shell’s assets. Now the two companies will see how
their synergies will work. 

Shell’s liquefaction plants in operation or under
construction include the largest floating LNG plant in
the world on the Prelude Field, North West Shelf Ven-
ture and Gorgon LNG, Australia; Sakhalin 2, Russia;
Qatargas 4, Qatar; Qalhat LNG and Oman LNG,
Oman; Brunei LNG; Nigeria LNG; Malaysia LNG;
Atlantic LNG, Trinidad and Tobago; and Peru LNG.  

BG’s liquefaction interests include Egyptian LNG;
Queensland Curtis LNG, Australia; and Atlantic
LNG, Trinidad and Tobago. Both companies are
involved in other LNG projects that are planned
and proposed.

The biggest BG prizes might be its natural gas assets
in Tanzania, where early exploration has discovered 425
Bcm (15 Tcf) of total gross resource, and its fields in
Brazil. An LNG plant is proposed in Tanzania. There is
a lot of exploration work left to do.

Instead of drilling and completion, there is
a whole different kind of discovery underway
in the merger and acquisition market.

drilling &
COMPLETION

21

Portent of things to come: Two
megamergers alter landscape
Shell’s acquisition of BG Group and Halliburton’s merger with Baker Hughes
could be the precursors for what to expect in the current industry downturn.
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The Methane Rita Andrea loads the first LNG cargo from BG’s

Queensland Curtis LNG plant in Australia in December 2014.

Shell’s Arrow LNG plant, also on Curtis Island, had been put

on hold. Shell could supply gas to the BG plant after the

merger. (Source: BG Group)
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W
hile Henry Ford did not invent the moving assem-

bly line—we can thank the meat packing industry

for that—he did do a little early day tech transfer when

he applied the idea to speed up the mass production of

automobiles. The Ford Motor Co. in 2012 celebrated

the completion of its 350 millionth car since the com-

pany was founded in 1903. Countless applications of

the moving assembly line have been deployed in the

century since Ford set the idea in motion and revolu-

tionized the industrial manufacturing process. 

It is a slightly modified process that brought some

sense of order to E&P’s rough and tumble world of

making hole and then producing value from it. The

shale gale transformed the rig floor into the “factory

floor,” where technology has helped transform the

drilling process into one that can reliably

replicate tasks and production in a sys-

tematic way. 

The transformation hasn’t

stopped there. During a press

briefing at this year’s Offshore

Technology Conference

(OTC) held in Houston, BP

demonstrated the myriad ways

that technologies from other

industries have been gradually

adopted by the oil and gas com-

munity as key enablers to its suc-

cess in areas like EOR.

“EOR is doing anything beyond

classical reservoir engineering or classi-

cal oilfield technologies to increase recov-

ery. It is more than just pressure depletion; it’s using

technologies that get more out of the ground,” said

John Peak, vice president of BP’s EOR Flagship tech-

nology program. 

To accomplish that goal, he noted that the company

concentrates its efforts on “at-scale, cost-effective tech-

nologies” with great success. Peak cited the company’s

Ula platform in the Norwegian sector of the North

Sea as one example of this success, “with nearly 100%

of [oil] production associated with our [Designer] gas

EOR system.” 

Before new EOR technologies are deployed in the

field, they undergo rigorous testing in the company’s

laboratory outside of London. There, core samples

are subjected to coreflooding. Recently a new robotic

system was created; it combined automated testing

techniques in the pharmaceutical industry with BP's

expertise in coreflooding. The Automated

Coreflooding System is the world’s first

robotic coreflooding system and

“enables multiple core floods to be

conducted 24 hours a day, seven

days a week,” Peak said. 

The system allows more rapid

screening and optimization of

EOR technologies by enabling

hundreds of tests to be per-

formed each year rather than

dozens as in the past, the company

said in a release. It is viewed as a

key tool to help achieve the goal of

reducing development and testing time

by at least 50%.

The robotic coreflooding system is operated

by the same team that developed LoSal EOR, the com-

pany’s reduced salinity waterflooding technology.

More than 45 coreflood tests were performed in vali-

dating the LoSal EOR effect before field trials in

Alaska, the release said. 

Step-by-step, station-by-station, the modification

and application of Ford’s idea of mass manufacture

has helped many industries, including the one that

literally provides the fuel to

keep Mr. Ford’s cars moving on

down the road.
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Keeping the wheels turning
Major operator accelerates coreflooding with new robotic system to carry
its EOR efforts farther.

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Senior Editor, Production 

jpresley@hartenergy.com

http://EPmag.com
http://EPmag.com
mailto:jpresley@hartenergy.com




W
ith the price of oil down by about $50 from a
year ago, who wants to drill offshore anyway,

much less in deepwater?
Well, ConocoPhillips, for one.
“We’re going to have a very active deepwater

drilling program going on in West Africa, the Gulf of
Mexico and off the coast of Canada,” said Matt Fox,
executive vice president, E&P, speaking to a group of
investors and analysts recently. Fox said that Conoco-
Phillips has three significant discoveries in the Paleo-
gene in the Gulf of Mexico (GoM) at Gila, Tiber and
Shenandoah and will be drilling at least one appraisal
well on each of those in 2015. 

“We also intend to drill up to five exploration wells
this year,” Fox said. “Three are in the Paleogene, and
two are in the Miocene.”

Offshore West Africa, the company started a four-well
exploration program in Angola to test a presalt play
analogous to the Brazilian presalt play. The first well was
a dry hole, but the company is drilling a second well
now and will complete the four-well program in 2015. 

“On the other hand, we had a significant success
with our exploration drilling last year in Senegal,” Fox
said. “In fact, we drilled two wells and had two signifi-
cant discoveries that really open up this basin in the
deepwater of Senegal. The first discovery was the FAN
well, and it discovered high-quality oil in a Cretaceous
stratigraphic trap with about 95 ft [29 m] of net pay.

The second discovery was SNE, and it’s a different type
of Cretaceous play. It’s a mixture of a stratigraphic and
structural traps. It discovered 120 ft [37 m] of net oil-
bearing sandstone with high-quality oil as well.”

ConocoPhillips will renew drilling during the fourth
quarter on the 1.8-million-acre license, where it holds
35% equity with an option to take over operatorship
when it moves to development.

“We are going to participate in two significant
exploration programs off Canada starting this year,”
Fox said. “The first one will be off the coast of Nova
Scotia, where we have 30% equity in a 5-million-acre
license. Just to put that in context, that is the same
size as the Mississippi Canyon protraction area in the
Gulf of Mexico.”

The company also will begin an exploration cam-
paign off the coast of Newfoundland between the
Jeanne d’Arc fields and the Bay Du Nord discoveries.
That will start with a seismic program this year and
move into the drilling phase over the next few years.

It’s true that ConocoPhillips has backed off its
spending for 2015, down about $1 billion from last
year. Even so, that’s an aggressive plan, and deepwater
exploration isn’t cheap. Is ConocoPhillips missing the
point? Or is management thinking long-term? You can
get a good rate on offshore drilling rigs just now, not
to mention all of the support services and products
that go into drilling operations. Meanwhile, produc-
tion from these wells could be five to 10 years away,
when no one knows what the price of oil will be. 

As the immediate shock of lower prices wears
off, we can expect to see more
of this from the planners of
the industry.

25

offshore
ADVANCES 

The new paradigm of lower costs
How one operator is using cheaper costs to plant seeds for the future. 
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ConocoPhillips continues an aggressive GoM exploration plan

despite crude oil prices. (Source: ConocoPhillips)
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I
t’s been a wild ride.

From George Mitchell’s first forays into the Barnett back in the

1980s to the mad land grabs in the mid- and late-2000s to the

heady production forecasts, shales have dominated the oil and gas

industry, at least in North America, like few other industry breakthroughs. 

Now, with oil and gas prices mere shadows of their former selves,

many companies are reassessing shales in light of the new price envi-

ronment, which shale development is at least partly responsible for. But

companies are not walking away from shales altogether. With the pres-

sure to drill up acreage mostly a thing of the past, they are experimenting

with new technologies and methodologies to drill shales optimally, not

just efficiently. And Europe, which desperately wishes to reduce its

dependence on Russian gas, is quietly putting policies into place to

encourage development of its own vast resources.
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W
hether it is a FlexRig (Helmerich & Payne),

ShaleDriller (Independence Contract Drilling),

APEX (Patterson-UTI), PACE-X (Nabors Industries

Ltd.), Super Triple (Precision Drilling), ADR (Ensign

Energy Services), BOSS (Unit Corp.) or other Tier 1

shale rig, operators are opting for the latest technology

to gain cost advantages and performance enhancements

during the current downturn in the industry. 

For example, John Lindsay, CEO and president,

Helmerich & Payne (H&P), said during the company’s

first-quarter 2015 conference call April 23, “Despite the

reductions in our activity, there might be another sign

that the market is establishing a bottom. We have

recently contracted a handful of FlexRigs in the spot

market to customers who are trading up―high-grading

rigs in their drilling programs.”

For the week ending May 8, the drop in the Baker

Hughes Rotary Rig Count slowed to 11 rigs, perhaps signal-

ing a leveling of the number of working rigs. The count was

at 894 rigs compared to 1,855 rigs for May 8, 2014. There

were some glimmers of improvement, with increases of two

rigs in Colorado and one in North Dakota. The count

remained flat in Alaska (10 rigs), Pennsylvania (47 rigs) and

Wyoming (24 rigs). By basin, the Barnett and DJ-Niobrara

were each up one rig. The Ardmore Woodford, Arkoma

Woodford, Haynesville and Williston remained flat.

Many drilling contractors have been able to keep

more of the Tier 1 rigs (with AC drive and often top

drives and self-mobilization systems) working while the

Tier 2 rigs (silicon-controlled rectifiers [SCR] that can

be retrofitted with top drives and self-mobilization sys-

tems) and legacy rigs (mechanical) are being stacked.

Retirement of Tier 2, legacy rigs
Operators are optimizing their development programs,

resulting in greater preference for high-specification

rigs, notably Tier 1 AC-drive rigs, said Marc Bianchi,

Cowen Equity Research, in an April 9 report on seven

land drillers under its coverage. AC rigs were introduced

in the early 2000s. At the end of 2009, there were only

about 275 AC rigs, accounting for 37% of horizontal

and directional activity.

The industry has added consistently 50 to 150 AC rigs

per year, totaling about 800 rigs by the fourth-quarter

2014 peak and accounting for 50% of total horizontal

and directional activity. “Since the 4Q 2014, AC rigs have

fallen at a slower pace than less capable rigs and now

account for about 67% of horizontal and directional

activity,” he explained.

“Over time we expect continued newbuild AC rigs to

displace older, less capable equipment, albeit at a slower

pace given less attractive newbuild economics,” he con-

tinued. “Among the various horsepower ratings, we view

the 1,500-hp class to be most in demand.”

Retirement of SCR rigs has already begun. In the H&P

quarterly report call Lindsay said, “Horizontal well com-

plexity and factory-type drilling requirements in the

ongoing U.S. energy revolution have changed the games

for drilling contractors and other service providers. As a

result, fewer mechanical and SCR rigs will be required

in the future, especially in the rig category below 2,000-

Scott Weeden, Senior Editor, Drilling

Tier 1 rigs continue to find work

while legacy rigs are retired
Walking rigs with the latest technology for horizontal drilling from pads will be ready to take

advantage of opportunities when the market turns around.
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A forest of stacked H&P rigs near Odessa, Texas, shows the

extent of the downturn. The company is now decommissioning

17 of its first- and second-generation FlexRigs built in 1998 and

2001. (Photo by Tom Fox)
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hp drawworks ratings.”

The company is now decommissioning its first- and

second-generation FlexRigs. “These 17 SCR-powered

rigs built in 1998 and 2001 were a very important strate-

gic move in the company’s history. Even though Flex 1

and Flex 2 rigs were a dramatic improvement over the

legacy rig fleet, it has become evident that SCR power is

not the preferred technology for today’s more complex

well design,” he explained.

“What customers want is AC drive. The future holds

many opportunities for H&P. The FlexRig 3, FlexRig 4 and

FlexRig 5 make up approximately 37% of the AC market

share in the U.S. today. And FlexRigs have an opportunity

to take market share internationally as well,” he added.

Term contracts buoy drillers 
Patterson-UTI Energy Inc. does believe the rig count

could drop further. “While the pace of the rig count

decline has slowed, we believe it is not yet at the bottom.

We have not been immune to the reduction in rig

count, but we have gained market share as our rig count

has held up better than that of the general industry,”

said Mark Siegel, Patterson-UTI chairman, during the

first-quarter 2015 conference call April 23. 

Having a large percentage of rigs under term con-

tracts is one of the reasons for the gain. “Of course,

ultimately, the reasons we had so large a percentage

of our rigs operating under term contract were the

high demand for our APEX rigs and our quality peo-

ple and operations.”

Andy Hendricks, Patterson-UTI CEO, pointed out that

U.S. land rig count was down 40% from the peak. “The

proportion of rigs comprised of APEX rigs increased,

positively impacting our daily rig revenue.”

The company completed six new APEX rigs during

first-quarter 2015, bringing the total number of APEX

rigs in its fleet to 151. Another 10 APEX rigs are sched-

uled to be completed this year, all of which are under

contract. Among these is the first APEX rig to be deliv-

ered to Canada, he continued.

Nabors has the largest land drilling rig fleet in the

world with about 500 rigs, including more than 215 new

AC rigs, such as the new PACE-X rig, and more than 150

recently refurbished SCR rigs. The company is pursuing

opportunities to add rigs in high-spec drilling markets

worldwide. Average utilization for its AC-drive rigs in

first-quarter 2015 was 72%, while it was only 31% for

legacy rigs according to the first-quarter 2015 earnings

presentation April 22.

Optimal pad drilling
Not all contractors agree with the AC-drive emphasis. One

of the newer companies, Independence Contract Drilling

(ICD), which was founded in 2011, maintained more than

98% operational uptime during first-quarter 2015. The

company delivered two new ShaleDriller rigs during first-

quarter 2015. Its 14-rig fleet is entirely AC-driven. 

“On a macro level as we progress through 2015 into

2016, we believe the use of pads to optimize operators’

field development economics will continue to grow as

will the wellbore intensity of newer pads. The com-

pelling economics of pad development should drive the

demand and utilization for pad-optimal equipment early

and even in a modest recovery,” said Byron Dunn, ICD

CEO, in first-quarter 2015 earnings call May 7. 

“We think the current downturn bottoms during the 3Q

2015, flattens in the year-end and begins to recover in 2016.

It is important to note that I am not referring to AC rigs in

this demand analysis but pad-optimal rigs as defined by

operators. Pad-optimal rigs are not just AC-driven,” he

explained. Not all AC rigs are ideally suited for pad drilling.

Pad-optimal rigs have six specific characteristics: 1,500

hp, dual-fuel capabilities, 7,500-psi mud system, safe by

design and capable of fast conventional moves, omnidi-

rectional walking systems, and AC drive.

“Rigs with these characteristics will be the first to

achieve 100% utilization in a recovery. Equipment that

doesn’t meet these characteristics will fill the market

niche previously occupied by SCR equipment and

returned to work on a slower tempo than pad-optimal

rigs,” Dunn continued.

The Permian Basin had the highest

number of working rigs in the Baker

Hughes Rotary Rig Count at 237 for

the week ending May 8. The rig count

was down one rig from the previous

week and 308 rigs from the same

week in 2014. (Photo by Tom Fox)
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T
alk about too much of a good thing.

In just a few years the U.S. has gone from being con-

sidered a mature province to producing more oil and

gas than Russia and diminishing Saudi Arabia’s ability to

control global prices. In the process, however, supply

has outpaced demand, and commodity prices have

dropped accordingly.

Operators will not quit drilling shale wells. But with

slower activity in the next few months, they might start

drilling and completing them more optimally. And

there’s where technology can help.

An integrated approach
Oil and service companies are start-

ing to view the shale proposition in

a more integrated fashion. While

efforts in the past have focused on

drilling the wells as quickly as possi-

ble, now effective completions are

taking center stage.

Mo Cordes, vice president of

integration at Schlumberger, said

that studies on perforation effec-

tiveness have provided some sober-

ing results. “We started looking at

all of the different shale plays

across North America, and one

thing we found was that a large

part of the lateral was not produc-

ing,” Cordes said. “We ran a num-

ber of production logs in these

laterals and found that 40% of the

perf clusters were not contributing

to production.”

This discovery prompted the company to examine new

ways of ensuring more productive completions. “There’s

really not one silver bullet,” he said. “It’s a series of work-

flows and technologies that are starting to unlock the full

potential of these plays and improve the productivity.”

He added that some areas are seeing up to 40% improve-

ment in production.

The Schlumberger approach integrates drilling, com-

pletions and production along with a full understanding

of the reservoir. This pulls on the expertise of many dif-

ferent people within the company.

“We’ve moved away from the cookie-cutter approach

to optimizing the completion along the lateral to

Rhonda Duey, Executive Editor

Technology boosts returns in shales
In a low-cost environment, operators need to watch every penny. New technologies are 

helping them save money and improve production.

The Schlumberger BroadBand Sequence

fracturing service enables sequential

stimulation of perforation clusters, maxi-

mizing wellbore coverage and reservoir

contact. (Source: Schlumberger)
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ensure we improve the productivity,” he said. “We’re see-

ing 80% and in some cases close to 100% contribution of

the lateral when we put this process together.”

Baker Hughes recently launched its NextWave serv-

ice to maximize value from the existing wells in

unconventional reservoirs. “The first wave isn’t over

yet,” said Sergey Kotov, manager of integrated tech-

nology for Baker Hughes. “The difference is that going

forward we need to change our approach to unconven-

tional reservoir development to one that is more

strategic. The first wave focused more on wells and

cost efficiencies rather than long-term production

and ultimate recovery.”

He added that past approaches led to inconsistent

results. “This could be justified when oil prices were

$100/bbl, but even then it was unacceptable,” he said.

“Now it has become more critical.”

Increasingly, operators are turning to refracturing to

optimize their completions. The service covers a broad

spectrum of solutions and offers a comprehensive

approach to rejuvenating existing underperforming

wells. Candidates are screened through a review of pro-

duction data, reservoir quality and initial completion

and then diagnosed. Next a rejuvenation program is

designed, and economic analysis is performed. This

leads to a detailed operational plan.

Different wells will require different treatments. Some

might benefit from cleanouts, chemical treatments and

installation of artificial lift systems, while others might

require mechanical isolation and restimulation.

Refracking
Costs might have come down somewhat, but it’s still an

expensive proposition to drill a shale well. Kotov said

that well rejuvenation costs a fraction of the cost of a

new well. “It’s a faster payback and provides increased

bookable reserves since we’re adding reserves by access-

ing more reservoir and changing the decline curve,” he

said. There is also lower HSE risk because the infrastruc-

ture is already in place, he said.
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Not every well makes a superb refracking candidate,

however. “When the industry started doing refracks in

shales, the results were very diverse from play to play

and from well to well,” he said. “We needed to under-

stand the reservoir and use a holistic approach to iden-

tify the candidates.”

Cordes said that having a wide variety of technolo-

gies helps to optimize these plays. For instance,

Schlumberger applies its HiWAY flow-channel fractur-

ing technique to increase fracture conductivity, and it

uses its BroadBand Sequence fracturing service during

refracturing to improve production. “It’s one of the

best diverting agents,” he said. “That allows refractur-

ing to work.”

A study recently conducted by Baker Hughes indi-

cated an average EUR increase of 53% in the Eagle Ford

Shale and 69% in the Bakken. Schlumberger’s Cordes

added that some wells perform better after refracking

than their original IP rates.

Data mining
As more data become publicly available, many operators

and service companies are turning to multivariate analy-

sis to look for patterns in their producing fields that

might provide clues to future success. 

The process is not simple, according to “Data mining

from shale plays critical in low-price environment,” an

article in Ryder Scott’s Reservoir Solutions quarterly publi-

cation. “As many as 100 variables in geology, well archi-

tecture, completions, stimulations and production may

apply to a single well location,” the article stated. “Those

parameters en masse generate an enormous number of

combinations requiring iterative processes to detangle

and analyze.”

Randy LaFollette, director of applied reservoir tech-

nology at Baker Hughes, told Ryder Scott that his

approach is to use multivariate analysis combined with

pattern recognition from GIS systems. 

This approach “better predicts dependent variables

based on observed values even in cases where relation-

ships are complex and non-linear,” the article stated.

Less expensive takeaway
A good deal of the cost involved in shale development

is in infrastructure. A company called Polyflow LLC

has developed an alternative to laying and welding

miles of steel pipes in the field. Called Thermoflex,

it’s a reinforced thermo-plastic pipe that comes on

enormous spools and is simply unspooled in the field.

According to Polyflow CEO Jim Medalie, Thermoflex

has several advantages over steel. “Number one, it’s a

very safe product to use,” he said. “There’s no welding

involved or large machinery required. It alleviates a lot

of the risks and issues with steel and other heavier com-

posite materials.”

Second is reliability. The pipe has liners that are resist-

ant to hydrocarbons along with the other substances

that tend to reside in wellbores. No corrosion inhibitors

are needed as the pipe cannot corrode.

Finally, there’s the increased return on investment.

“Our product is less expensive to install and less expen-

sive to operate, and it goes in faster,” Medalie said. “If

you can get the well flowing two days faster than with

another product, that’s two days of return from the oil

that you’re producing from that well.” 
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PolyFlow’s Thermoflex pipe is unspooled in a field. The thermo-

plastic pipe offers numerous advantages over other types of

pipe. (Source: PolyFlow)
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F
or the past five years, companies working in shales

have been living and breathing that age-old mantra,

“Drill, baby, drill.” But as this downturn lingers and

uncertainty settles in, the time has come to think. Strat-

egy is the name of the game right now. 

Organizations are going to have to make some tough

decisions to ride out the low oil prices, but those that

use this time wisely to analyze their costs, goals and

action plans will not only survive but be set up to thrive

once the action picks up again.

Looking end to end
Many companies will be making budget cuts, but the

ones that will come out on top when prices recover are

those that hone in on what they can accomplish through

cuts and how each cut affects the organization as a

whole rather than cutting costs as a reactionary, quick-

fix approach to financial struggles.

“There’s a lot of cost-cutting going on, and it’s very

easy to fall in the trap of just taking a siloed approach—

looking at one department or one function at a time,”

Linda Castaneda, EY U.S. Oil and Gas advisory leader,

said. “The organizations that are really looking end to

end at how they cut costs are going to avoid some of the

unintended consequences.” For example, if a company

curtails drilling, it should look at how that impacts indi-

rect drilling costs and taxes down the line. 

Though spend may be smaller, it’s likely to be more

targeted to a company’s sweet spot—which could lead to

some exciting acquisition and divestiture (A&D) activity.

“We haven’t seen as much the first half of the year, but

second half of the year we’ll see a lot more mergers and

acquisitions,” Castaneda said. “It’s a great way for com-

panies that have a strong balance sheet to get into the

market and grow their footprint.”

Encana—which implemented a new, fine-tuned strat-

egy in late 2013—works as an example of how a focused

plan can play out over time and improve a company’s

position, both geographically and financially.

While divestitures and workforce reductions may seem

like negative reactions to the downturn, for Encana these

actions were and are part of its strategy going forward to be

more profitable in the future. The company restructured

and resized in late 2013 and early 2014, cutting 25% of its

workforce and capturing about $150 million of enduring

operating, administrative and capital cost savings. Encana

has looked to narrow its focus and rid itself of noncore

assets as part of its “value over volume” strategy. The com-

pany cut its investment to its 28 previously funded areas

and focused investment on seven growth assets in 2014,

generating about $400 million of free cash flow, according

to Encana CEO Doug Suttles in the company’s year-end

Bethany Farnsworth, Associate Managing Editor

Slowdown makes time to refine

strategies, processes
Proactive approaches will set shale players up for long-term success.

A rig works in the

Duvernay. The Duver-

nay in Canada is one

of four assets where

Encana will spend

most of its capex this

year. (Source: Encana)
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earnings call. In 2015 the company will spend most of its

capex on just four assets with strong liquids margins and

competitive supply costs: the Montney and the Duvernay in

Canada and the Eagle Ford and Permian Basin in the U.S.

With this asset strategy in place, Encana is making deals.

In September 2014, Encana acquired Athlon Energy’s

Midland Basin assets, adding 168,000 gross acres to its Per-

mian portfolio. In January Encana completed the sale of

about 1.2 million net acres of land from its Clearwater

assets in Alberta, Canada, to Ember Resources Inc. for

$542 million. And according to a Bloomberg report in late

April, Encana is looking to sell its Haynesville Shale gas

assets, which are valued at up to $1 billion.

“Today we are clearly better positioned than a year ago

to weather the current weak oil and gas price environ-

ment,” Suttles said in the earnings call. “The corner-

stone of our strategy is to sustainably grow cash flow per

share and maintain a strong balance sheet.”

The company has also been able to improve efficien-

cies and sees room for even more improvements given

the current environment. 

“We see opportunity to deliver efficiencies through our

supply chain and our administrative costs as well as all

aspects of our operations,” Encana spokesperson Doug

McIntyre told E&P. “With this in mind, we are budgeting

a further 15% improvement in capital cost efficiencies in
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N
ew technology, along with improved techniques,

is behind the rise in oil and gas production from

U.S. shale plays, but the first half of this year will likely

be focused on what technology has not done.

That's according to Ahmed Hashmi, global head of

upstream technology for BP.

Answering a question on where technology is

headed during a session April 22 at IHS Energy CERA-

Week, Hashmi said technology for rapid appraisal

and quickly identifying sweet spots will be among

the waves of technology to come.

About 5,000 wells were drilled in the Barnett Shale

before the optimum development plan for the play

was figured out, Hashmi said. "We can't afford to do

that when we go overseas. We have to learn much

more quickly," he said. BP is applying its technology

expertise at international unconventional plays,

including in Oman, where it is developing a large tight

gas accumulation. "Technologies that enable rapid

appraisal of the resource are key and difficult to some

degree because it will take different forms of data."

Lower oil prices have prompted companies to

ramp up the search for technologies aimed at

improving efficiency, growing production and

adding profits. Companies are using pad drilling,

adding frack stages, extending laterals and using

enhanced completions, all of which have contributed

to production growth.

"Where we have had a lot of technology improve-

ment is on the efficiency side," Hashmi said, noting

this includes sliding sleeves and rapid comple-

tions—things that really improve cycle time and

operations. "That's been the focus in the U.S."

Advances in completion optimization will continue

to have a major impact on oil and gas production.

Different approaches are being used by companies,

but "there comes a point when you are basically

going beyond the marginal value," Hashmi said after

mentioning the rise of idled rigs.

"How do you optimize investment relative to deliv-

erability?" The answer is where technology could

evolve in the future.

Plummeting oil prices, which are rebounding after

falling below $50/bbl from highs of more than

$100/bbl last summer, have spurred an increase in

idled rigs. The Baker Hughes U.S. rig count fell to 905

rigs operating on May 1, down 27 from the previous

week and 949 below the number operating at the

same time in 2014.

Current market conditions also have led to a back-

log of uncompleted wells, as companies delay

pumping more oil at a time when prices are low and

demand is lax. Bloomberg reported April 23 that U.S.

drillers had not turned on the taps at 4,731 wells they

have drilled, leaving 322,000 bbl/d in the ground.

However, technology remains a focus as others

across the globe with shale resources learn from the

U.S., applying lessons when geology and above-

ground conditions allow.

"But one size doesn't fit all," Hashmi warned.

Need for improved  technology remains despite strides
By Velda Addison, Associate Online Editor
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2015. Our focus on base optimization should also gener-

ate approximately $75 million of direct operating cost

savings. We also see an opportunity to make further

improvements in our corporate cost structure.”

This effort has put the company in a good place to

move forward with any deals that open up in line with its

strategy. “In my experience and knowledge of the his-

tory of the industry, it’s the low points in the commodity

cycle that are usually the most exciting times,” Suttles

said. “And I can tell you we are prepared to respond if

the right opportunities come along.” 

Considering assets
Land assets aren’t the only consideration up for grabs in

this downturn. One of the most important assets compa-

nies should be considering is talent. Layoffs may be part of

a disciplined approach, but it’s important to have a good

talent strategy in place, both in terms of analyzing where to

make the reductions and, if the opportunity is there, gain-

ing some very valuable employees, Castaneda said. 

“Some of the companies that are really smart know

there’s good talent in the market right now,” she said.

“Some of the oilfield services companies, because

they’re the first to react, have had some very significant

layoffs of some very talented people, so if you’re able to

be smart about it and understand where you’ve got

some gaps, we’ll see some hiring going on.”

The slowdown in activity also provides the opportunity

to take a look at a company’s processes—

land, marketing, financial, etc.—and how

those integrate with production and

drilling. Data processes in particular could

have a huge impact on the bottom line

and future success of a company. 

“In this space there’s a plethora of data

that organizations have, but there’s always a

challenge of ‘What are the right metrics

that I should be tracking? How do I get the

best data that I need to make decisions?’”

Castaneda said. “Over the past five years or

more, everything’s moved so quickly that a

lot of companies have not had time to keep

up with the pace of the drilling. If you can

use this time to put those more efficient

processes in place, you’ll really be well posi-

tioned as things start to improve.”

Service companies
The effects of the downturn on service

companies have been seen in the waves of

layoffs these companies have gone

through already—almost 40,000 at the three biggest

service companies alone. While service companies have

fewer opportunities than operators during a downturn

as the purse strings tighten, they still have the chance to

position themselves for success in the recovery. 

“The oilfield services companies are going to con-

tinue to see their prices get driven down, and they’ll

have to work with those producers a little more

closely,” Castaneda said. It’s those partnerships that

will have an impact. “At the end of the day [if service

companies foster those relationships], they will be

better off when things start to turn around.”

Some service companies are taking this time to

improve in ways that might give them an edge over the

competition. Fortis Energy Services Inc. is focusing on

setting itself apart through its growth strategy, which

includes three “pillars of differentiation”—FortiSafe

Certified, Designed Solutions and lean methodologies. 

The second and third pillars concentrate on identify-

ing and eliminating inefficiencies, while the first pillar,

FortiSafe Certified, focuses on safety with a program

that exceeds all regulatory and customer requirements.

“Our crews must earn the certification, and they are

incentivized to do so,” Edward Shelton, vice president of

business development, said. “Our entire fleet will also

display the certification so anyone working with and

around the equipment knows it was inspected prior to

arriving on location.” 
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Encana went from investing in 28 funded areas to focusing on seven growth assets in

2014. (Source: Encana)
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D
espite some alarmist headlines earlier this year

declaring that Europe’s shale dream was essentially

still-born after the exit of some very high-profile majors,

the reality is that opportunities remain for those pre-

pared—or able—to play a long-term game. 

Along with cautious but steady progress in terms of Euro-

pean legislation, and with the emergence of the U.K. as the

main cheerleader for the creation of a shale industry, the

signs are more positive than most outside observers—and

environmental campaigners—would have us believe.

Much of the apparent gloom in terms of shale’s future

in Europe stems from the decisions by companies such

as Chevron to pull out of its activities in Romania,

Poland and Lithua-

nia and relinquish its

concessions there,

marking the end of

its efforts in the

region. However,

like other aspects of

the company’s busi-

ness such as deepwa-

ter and other remote

offshore projects, its

decision was purely a

business one,

Chevron said. 

Economic 
mismatch 
Its European shale

projects simply did not match up economically compared

on a competitive basis to other investment opportunities. 

At the time of its exit from Romania in February,

Chevron made clear comments to Reuters. “Chevron

intends to pursue relinquishment of its interest in these

concessions in 2015,” said Kent Robertson, media rela-

tions adviser for Chevron. “This is a business decision

[that] is a result of Chevron’s overall assessment that

this project does not currently compete (favorably) with

other investment opportunities in our global portfolio.”

That includes, for example, other competing emerg-

ing frontiers close by within Europe itself, such as the

Black Sea’s more realistic offshore potential, where

Chevron and Exxon Mobil are already involved.

But Robertson was not delivering a damning verdict on

behalf of the U.S. major on the potential of European

shale, just noting that it cannot compete commercially at

this time. Chevron has four wholly owned concessions in

Romania alone that are now up for grabs after deciding,

following exploratory drilling last year in the Bârlad con-

cession in Vaslui County, eastern Romania, and carrying

out analysis of 2-D seismic on two of its three Dobrogea

region concessions, that it was time to exit.

Other concessions in Europe (mainly Poland,

Ukraine and Hun-

gary) have also

been exited in

recent times by

companies includ-

ing Total, Exxon

Mobil, Marathon

Oil and Shell.

Silver lining 
for shale
However, Europe has

come through plenty

of testing times in

the past. 

And as the region

recently celebrated

VE (Victory in

Europe) Day to mark the end of World War II, there are

plenty within the upstream sector who still see a silver

lining for Europe’s nascent shale industry and strong

political will to establish more energy independence and

less reliance on Russian gas supplies.

This year has already seen some significant develop-

ments in the political arena, with the inclusion of shale

gas in the EU’s “Energy Union” strategy and the publica-

Mark Thomas, Editor-in-Chief

Europe’s shale gale a gentle breeze 
For those working within the upstream oil and gas business, the much-vaunted ‘shale gale’

blowing from the U.S. into Europe was always likely to be more of a gentle 

and intermittent breeze.

European shale oil and gas drilling is in its early infancy, but onshore 

conventional activity in pristine areas of natural beauty has been 

taking place for decades, such as on Perenco’s Wytch Farm 

Field in Dorset, England. (Source: Perenco)
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tion of a European Commission (EC) “Scoreboard,”

meaning shale gas remains firmly on the EU agenda. 

The Energy Union package laid out a framework strat-

egy for creating a European energy union. The aim is to

try to bring to reality domestically produced energy,

including unconventional and conventional fossil fuels

as well as renewables, to contribute toward decreasing

Europe’s energy import dependence. Politically driven

situations such as the ongoing and violent Ukraine crisis

have only underlined the importance of firming up

alternative energy sources.

Shale gas scoreboard
The EC’s shale gas scoreboard, meanwhile, gives a

breakdown of responses from all 28 member states as

to how they intend to apply the commission’s recom-

mendation (published in January last year). So far a

total of five states (the U.K., Denmark, The Nether-

lands, Poland and Romania) have stated that they have

licensed fracking or plan to do so. Another six (Aus-

tria, Germany, Hungary, Lithuania, Portugal and

Spain) are still considering the possibility of exploring

for shale gas.

Another EU program to promote domestic resources

will feature among other moves a specific initiative on

how shale gas can be developed, supported by its already

established European science and technology network

on unconventional hydrocarbon extraction. The net-

work’s first meetings took place earlier this year, with the

main objective initially to collect, analyze and review

results from European exploration projects and assess

technological developments.

U.K. momentum
Things are currently most advanced in the U.K., where

early this year the government’s Innovate UK organiza-

tion (formerly the Technology Strategy Board) con-

firmed that 19 companies will share up to £2 million

(US $3.1 million) to fund new solutions to unlock the

potential of shale gas in the U.K. 

The winning projects will explore new innovation in

areas ranging from water treatment and monitoring

techniques to well drilling and design technology. 

There has also been a small but meaningful handful

of shale gas wells drilled already this year in northeast

and southeast England, with more lined up before the

end of 2015. There also was the very heavily publicized

announcement of a sizeable conventional oil find at

Horse Hill in the Weald Basin of southern England,

which in reality remains subject to very substantial fur-

ther assessment. 

Southern comfort
But the discovery has reignited belief that southern Eng-

land has real resource potential for both conventional

and unconventional reserves. 

The British Geological Society last year estimated that

the Weald Basin could hold up to 4.4 Bbbl of shale oil,

although it stressed that these figures did not take into

account the likely recoverable reserves. It also is worth

remembering that commercial reserves of onshore oil

and gas in England is nothing new—Perenco’s conven-

tional Wytch Farm oil field near Poole on the south

coast is the largest onshore oil field in Europe and has

been producing since 1979, while there are 13 small

producing conventional sites in the Weald Basin already. 

Following the re-election to U.K. government of the

largely pro-shale Conservative Party, it is also expected by

mid-year that the results of the 14th onshore licensing

round will be announced, which will provide more clarity

as to how shale gas will continue to be assessed in the U.K.

There is growing awareness within the U.K. generally

that as its mature North Sea sector continues to inexorably

decline in terms of production levels, shale is seen as part

of a broader future energy solution for the country.

Post-Chevron Poland
In Poland the industry is certainly not dead post-

Chevron, with the Polish government developing its leg-

islative framework further to create a more conducive

environment for the industry. 

It is presently finalizing a draft law to simplify adminis-

trative procedures for companies applying for licenses,

and this follows several reforms to both its geological

and mining laws and the taxation framework last year.

Interestingly, the Polish government is also finalizing the

first joint governmental report on shale gas, carried out in

cooperation with the U.K., which is expected to provide a

definitive guide to the issues around the development of a

commercial shale gas industry in Europe and an in-depth

overview of the potential benefits that shale gas will bring.

One thing remains clear—Europe’s shale breeze con-

tinues to blow, but gently. The rocks were always going to

be very different than those encountered in North Amer-

ica, and considerably more research is required if they

are eventually to be exploited, as knowledge of the conti-

nent’s shale geology remains in its infancy. Hundreds, if

not thousands, of wells will need to be drilled, just as in

the U.S., before Europe’s shales are fully understood.

But with political will behind it and a slow but steady

increase in public understanding, shale remains one of

the region’s best bets for energy security and a bridge

toward meeting Europe’s low-carbon goals. 
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E
&P companies need extreme capital efficiency to sur-

vive and grow. Previous strategies of trial-and-error and

traditional appraisal sequencing will not achieve this

objective. In fact, they tend to oversimplify or ignore key

operating and subsurface constraints. To optimize capital

efficiency, a straightforward approach to quantitatively

evaluate and manage multiple appraisal and development

decisions under conditions of uncertainty is necessary.

A methodology based on Halliburton’s patent-pend-

ing process registered as “System and Methods for

Determining Appraisal Locations in a Reservoir System”

that considers these factors was implemented. It uses a

comprehensive appraisal process to rank and then delin-

eate the acreage based on a group of items like wells,

blocks, asset areas, regions or country areas. The pur-

pose is to establish priorities for implementing strategies

in a range of time frames. It factors in both surface and

subsurface uncertainties and can determine optimized

appraisal locations within a few weeks. 

In 2011 this methodology was used for the appraisal of

a North American unconventional exploratory play with

great success. The operator had to quickly evaluate and

make delineation decisions of an area with significant

uncertainties from subsurface and surface parameters.

The area contains more than 330 sections of 2.6 sq km

(1 sq mile), each with different ownership, operator-

ship, permitting obligations and mineral rights. The

area also has complex landforms, difficult access, lim-

ited infrastructure, major uncertainties in reservoir

characterization and commercial uncertainties.

The methodology is a front-end process, so the results

of each stage are the building blocks of the subsequent

stage. It follows a systematic way to determine value

promise and associated risk to identify priorities. The

process is divided in three stages, starting with a techni-

cal assessment of the data available followed by a rank-

ing and priority analysis and concluding with

development strategies. 

Technical assessment
This stage focuses on determining the study area (the

system) based on data available. In the

technical assessment, specific parameters

are filters to define the system, where each

represents an uncertainty range so that

this filtering process is performed stochas-

tically. This process determines which

areas are in the study.

Ranking and priority analysis
The second stage focuses on ranking and

priority analysis and is a three-step process.

The first step consists of selecting the most

important variables to define the valoriza-

tion criteria and formulation. The valoriza-

tion in Step 1 is performed at different

levels of participation. Initially, the core

team and managers discuss and select the

parameters necessary for decisions to

appraise the system. Then the core team

initiates the uncertainty characterization

and valorization criteria to determine a

Optimizing portfolios amid 
falling oil prices 
Numerical and statistical analyses of shale plays turn up some interesting results.

Luis Garibaldi, Halliburton

FIGURE 1. In the second step, areas are colored in terms of their corresponding level

of priority. (Source: Halliburton)
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potential development formula, which is called Adjusted

Hydrocarbon Recovery Potential (AHRP).

In Step 2 the AHRP is created and tailored by the inte-

grated team to cover all aspects from subsurface to sur-

face to define potential development value and

development effectiveness in the system. 

The AHRP formula frames about 20 parameters and

has distribution throughout the grid under uncertain-

ties. It represents the volume of the oil originally in

place (OOIP) that can be effectively developed short-

term in the system.

The final step establishes the priority process to delineate

where the opportunity is concentrated. The ranking

process sorts the blocks in terms of AHRP and then applies

the priority rule 60:30:10. The result of this process displays

the areas colored in terms of the corresponding level of pri-

ority from the highest priority in green (60% total AHRP)

to lowest priority in red (10% total AHRP, Figure 1).

Development strategies, field development 
In the final stage optimization occurs based on a deci-

sion framework, an objective function for scenario gen-

eration on the highest priority area. Portfolio theory

manages the solutions that these scenarios provide.

Figure 2 shows the whole portfolio by the value

expected and the associated risk for each scenario. Each

scenario represents a specific pattern of appraisal loca-

tions. The system generates multiple solutions at differ-

ent risk levels, so a special portfolio management

algorithm is then necessary to manage these possible

solutions in different terms of time. This portfolio analy-

sis identifies the optimal portfolio by using the “Efficient

Frontier” delineation concept (red line in Figure 2).

This analysis simplifies the number of scenarios but still

results in several possible scenarios.

The scenarios that define the optimal portfolio repre-

sent different patterns of appraisal locations (the differ-

ent grids in Figure 2). The patterns have a fixed shape,

but nature does not behave accordingly, so a novel idea

of generating a special portfolio management and

selecting the best appraisal locations was created. Many

of these appraisal locations coincide in the same place

through these scenarios. Thus, these are common deci-

sions throughout the optimal portfolio; the common

factors are called “critical decisions.” 

Figure 3 shows the appraisal locations that represent

critical decisions (colored in green) to be considered in

generating the list of ranked appraisal locations.

FIGURE 2. Scenarios that define the optimal portfolio represent different patterns of appraisal locations. (Source: Halliburton)
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The final step is taking those locations that are most
common and ranking them based on risk-aversion tech-
niques. This fundamentally moves the referent value of
AHRP to the minimum possible expectation that negates
the risk so that the opportunity is limited by AHRP at
P50. In terms of this analysis, the rank is executed; the
locations are sorted to delineate the areas and then to
determine the value promise associated (Figure 4).

The results shown in Figure 4 describe the first delin-
eation that can be done at the greenfield development

stage. In this particular case the results show the
top 10 appraisal wells, the sequence in the
drilling schedule, the potential number of devel-
opment wells and OOIP to be developed.

In this case 85% of the area under evaluation
could be appraised with 10 wells (in contrast to
the client’s original plan to drill up to 30
appraisal wells at a cost of $5 million each, result-
ing in a savings of $100 million). In addition, the
methodology derived a logical sequence for the
appraisal of areas satisfying multiple company
objectives. The results provided company man-
agement with an estimation of the potential
hydrocarbon content that could be appraised
and developed. It also generates a complete
updatable workflow to track the appraisal and
initial development progress. 

Business opportunities
The simulations in this methodology employ
huge computing processes managed by using a

progressive scale simulation that enables a very large sto-
chastic model and optimization process with thousands
of variables to be performed on a laptop. This methodol-
ogy could manage an integrated environment with the
asset team, technology team, stakeholders and consult-
ants to establish the strategic delineation of an
exploratory tight-oil area.

The procedure has been updated to optimize sev-
eral objective functions simultaneously and determine
different perspectives in the optimization process. It

is adjustable to appraise areas with
potential development and to delineate
priorities based on the AHRP for block
area development.

While this methodology has been used
in several companies on exploration and
development projects in both conven-
tional and unconventional plays in
North America, South America and Asia
Pacific, other companies are considering
implementing this methodology in 2015
for a fast picture to justify their engi-
neering analysis. 
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FIGURE 4. The results describe the first delineation that can be done at the greenfield

development stage. (Source: Halliburton)

FIGURE 3. Critical locations are identified with ‘Efficient Frontier.’ 

(Source: Halliburton)
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T
he demand for deepwater solutions remains strong
despite the rounds of cuts in capex that have been part

and parcel of the overall downturn in project activity.
According to Bob Fryklund of IHS, speaking at a topi-

cal luncheon at the Offshore Technology Conference
(OTC) titled, “Deepwater Exploration: a View Forward,”
“For the last couple of years we’ve been fixated mostly
on shale. In some places we say we have shale fever, but
deepwater still has a very important role to play.”

By 2040 the industry will need to bring 50 MMbbl/d
into production to keep up with demand and to make
up for the inevitable decline of
existing reserves, Fryklund said.

“We already have some of that
in sight in fields that are under
development or under appraisal,”
he said. “But we need 30
MMbbl/d of yet-to-find liquids.
What we have on our charts now
is developments that have been
sanctioned. They will make up
about a third of our require-
ments for future production, but
there are more prospects in the
inventory. Most of them will sur-
vive even at today’s prices. I know
most of you are pricing these out
at $60 to $70 a barrel for the next
five to seven years. That creates a
fairly bright picture for the first
10 billion barrels of our remaining needs, but where are
we going to find the next bunch?”

Long-term needs
The industry needs to think about what to do for the long
term, Fryklund continued. 

“Let me add that the Gulf of Mexico [GoM] also has a

substantial role to play. The GoM—particularly in the Ter-
tiary and the Miocene—is feeding the pipelines. This play
contributes a much smaller number—about one-fifth of
that 10 billion—but it’s still positioned to grow, and there
are new plays, particularly the Jurassic, that are just begin-
ning to unfold. Some of the projects are under attack
right now because of the downcycle, but operators are
starting to think more long term, even looking at
breakeven [prices] of less than $60,” he said.

“When we look at some of the companies and look at the
unsanctioned projects going out to 2030, you can see that
at $60 a barrel, it’s still a broad portfolio. If you look at the
band of projects that fall between breakevens of $60 to $80,
that’s what most everyone is focusing on,” he continued. 

The industry also is going through a period of changes
in structure, Fryklund said.

“International operators, which are predominantly the
ones involved in deepwater, are cutting their capex, but
the cuts range in amount depending on the size of the
operator,” he said. “Exxon Mobil is only cutting its capex
by about 12%. Those that are a little bit smaller are cutting

Deepwater demand driving 
new solutions
Deepwater E&P will continue to play a significant role in meeting future global energy

demand, and the offshore industry has a conveyor belt of solutions under development to

help meet that requirement.

Staff Report

Deepwater floating platform contenders: Semisubmersible, spar, TLP and hybrid solutions

were all part of DeepStar’s study of 13 alternative systems for the GoM, West Africa and West-

ern Australia. Seen here are the Thunder Hawk semisubmersible (left) and Tubular Bells spar

(right). (Source: SBM Offshore; Hess)
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theirs by about 20%.We’re seeing segmentation occurring

within the industry that’s driven very much by asset class.

Whether you’re in deepwater, unconventionals or heavy

oil sands, we’re seeing a separation based on asset size.”

Ultradeep solutions
With production in water depths of more than 2,744 m

(9,000 ft), operators already are hunting solutions for

water depths beyond that as well as higher temperatures

and pressures and seabed processing needs.

A study by DeepStar was the first major evaluation of 13

alternative deepwater floating platforms and riser systems

with dry tree and direct vertical-access (DVA) capability.

According to a paper by Rajiv Aggarwal of Granherne Inc.

during a technical session titled, “Advances in Deepwater

Technology” at OTC, he noted that the participants in the

study provided designs for three regions—the GoM, West

Africa and offshore Western Australia—and three water

depths—915 m (3,000 ft), 1,829 m (6,000 ft) and 2,439 m

(8,000 ft). The designs included semisubmersible-shaped

and hybrid hulls. Tension-leg platforms (TLPs) and spar

hulls were used as baselines for comparison.

The life of the specimen marginal field was 10 years.

Reservoirs for the GoM and West Africa were 40 MMboe

to 100 MMboe (oil), requiring six producing wells and

three water-injection wells. Western Australia’s reservoirs

were about 28 Bcm to 85 Bcm (1 Tcf to 3 Tcf) of gas,

requiring six producing wells.

Competing designs
Group I consisted of four-column semisubmersible-shaped

hulls vs. TLPs. These included a dry-tree design by Aker

Solutions, the OPTI-DRI hull design from Exmar Off-

shore, a damper chamber column hull design by INTEC-

SEA, and a heave-motion and vortex-induced-motion

suppressed hull design by Technip.

Group II were hybrid designs, which included the

OctaBuoy design by Moss Maritime, the extendable semi-

submersible design by FloaTEC and the free hanging solid

ballast by INTECSEA.

Group III focused on low-payload DVA designs. The

design with compliant vertical-access riser was from

Granherne. The OPTI designs from Exmar were evalu-

ated for DVA. A three-column MiniFloat-V from Marine

Innovation and Technology also was studied.

Comparative assessments and technology readiness

reviews were included in the study. The project confirmed

the feasibility of both the semisubmersible and hybrid hull

designs as low-cost dry-tree solutions for deepwater mar-

ginal fields.

In 915-m water depths, TLP designs are a low-cost option.

Offshore Western Australia semisubmersible hulls with suc-

tion anchors would be a competitive solution. Novel semi-

submersible and hybrid designs showed increased value for

water greater than 1,524 m (5,000 ft) deep.

As Aggarawal pointed out, “Some solutions require

more work.”

Going with the flow
Other technologies under the microscope include a proj-

ect aimed at improving flow measurement in deepwater

projects, which is paying dividends, according to speakers

in an OTC technical session titled, “A Window into Subsea

Operations—from 10,000 Feet.” 

The project, sponsored by research partnership RPSEA,

is looking at technologies including a deepwater sampling

system, deepwater subsea sensor and deepwater subsea

clamp-on meter.

Chip Letton of Letton-Hall Group said seven independ-

ent smaller projects have been brought together under

one umbrella to address gaps in deepwater measurement.

“We all know that measurement is not the simplest thing

to do even if you can get your hands on the meter, but

when you put a meter on the seafloor and expect it to last

for 20 to 30 years without even touching it, the challenges

are great,” he said.

JIP partner input
“The deeper you get, everything gets bigger—not only the

impact of the problems but the cost to the environment

and the cost to the stakeholders,” he continued. “Deeper

water is just more difficult. Measurement is really the only

way to understand this. You have really got to have some

instruments to be able to understand what is happening

on the seafloor.”

Joint industry project (JIP) partners Chevron, Conoco

Phillips, GE, Statoil and Total provided funding and

expertise for the project. 

He stressed the importance of the work, saying that a

meter that was not working accurately could fluctuate with

readings as much as 2% higher or lower than they should

be. That, in turn, could prove “catastrophic,” particularly

in high-capacity deepwater wells.

The JIP has investigated a means of being able to clamp

a meter onto the outside of a pipeline and use electromag-

netic measurements to measure what is flowing through

the pipe. Work also is being done to check for subsea kicks

by monitoring small changes in the mud density at the

bottom of the mud line in wells.

[Editor’s Note: Parts of this article are based on information from

SPE papers 26033 and 26059.]
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T
he stakes are high for the EOR operations at Chapar-

ral Energy’s Borger, Texas, and Liberal, Kan., facilities.

Using captured CO2, Chaparral has been able to increase

its production nearly 18-fold, from an average of 272

boe/d to 4,800 boe/d for its oil fields in the Oklahoma

and Texas Panhandle region. The CO2 is captured from

a fertilizer plant in Borger and from an ethanol plant in

Liberal and then compressed and transported by

pipeline to be used in Chaparral’s tertiary recovery of

oil. Without Chaparral’s EOR operations, this 100%

man-made CO2 would be released into the atmosphere. 

Chaparral’s EOR operations at the Borger and Liberal

plants use a number of highly critical medium- and low-

voltage motors as well as pumps, fans and compressors. If

this equipment goes down unexpectedly, the headaches

are real for plant operators. 

“If one of our compressors were to fail unexpectedly,

our production output materially drops and we work in

reactive mode. We needed a predictive maintenance sys-

tem so we could be proactive and to give us the time to

plan our repairs,” said Gerald Herl, Liberal and Borger

plant supervisor.

Monitoring options
Traditional options for monitoring motors and their

driven loads have been less than ideal. Operators fre-

quently rely on either handheld or online vibration moni-

toring. While handheld monitoring is attractive from a

price standpoint, it is not continuous and is therefore

prone to missing events. Online vibration monitoring is

expensive and complex to install since it requires drilling

into critical equipment. Chaparral explored new options

to improve performance.

Electrical waveform condition monitoring
Looking for an alternative to traditional monitoring, Chap-

arral CO2 Midstream evaluated electrical waveform condi-

tion monitoring. These systems continuously monitor the

current and voltage signals supplied to a motor and use

machine learning algorithms to compare real-time signals

to what has been observed to be “normal” for that motor

and its driven load. The monitors are simple to install since

they use clamp-on transformers, which install easily at the

motor control center or variable frequency drive enclosure. 

Chaparral installed the Veros ForeSight system on 18

motors and driven loads. Since installing the system,

Chaparral has been able to continuously monitor more

than 300 metrics related to equipment health and per-

formance. In recent months the system provided Chapar-

ral advance notice of two developing equipment issues,

allowing operations to proactively repair or replace equip-

ment without lengthy shutdowns. 

Case histories
Last year Veros notified Chaparral of an issue on a

Siemens 4812S motor and Ariel second-stage reciprocat-

ing compressor (Figure 1). When the maintenance team

observed the equipment, everything looked and sounded

fine. In fact, the plant had recently conducted vibration

testing on the equipment, so it seemed unlikely that

something could actually be wrong. To be safe, the plant

requested additional vibration testing on the equipment. 

operator
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Electrical condition monitoring 
transforms maintenance
Predictive alarms help head off equipment failure.

Kristine Dugan, Veros Systems Inc.

FIGURE 1. The Ariel JGJ6 reciprocating compressor developed loose

bolts. (Source: Veros Systems Inc.)
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Once the vibration analysis was complete, it showed
possible looseness on the crankshaft of the compressor.
Chaparral shut down the compressor and determined
that the coupling bolts were indeed loose. After tighten-

ing the bolts on the flexible disc coupling, the compres-
sor was returned to operations and ran smoothly.

Preventive maintenance saved Chaparral both in equip-
ment cost and lost production. The next scheduled vibra-
tion monitoring was a month away, plenty of time for
things to go wrong. Had the bolts not been tight-
ened, the coupling likely would have failed cata-
strophically, costing Chaparral $20,000 to $30,000 in
equipment cost and two to three weeks in downtime.  

In another example, the system notified Chapar-
ral of a fault alarm on a 400-hp 480-v motor and its

driven load, a Vilter single screw
compressor. Upon notification,
Chaparral inspected the motor and
compressor and performed addi-
tional analysis, confirming a fault
condition in the motor. With the
advance notice of the failure and the
prompt decision-making and execu-
tion by Chaparral employees, a new
motor was installed and running in
less than 12 hours. 

After replacing the motor, Chapar-
ral determined that the bearings in the motor were begin-
ning to fail. There were burn marks on the races and a
crack in the ribbon cage as well as signs of excessive wear on
the balls (Figure 3). These early failures are often hard to

detect with traditional vibration monitoring. However,
with the early warning given by the ForeSight system, the
bearing failure was detected at an early stage, preventing
the failure from intensifying and causing a sudden unex-

pected failure.
Since the damage
was limited to the
bearings, Chapar-
ral was able to
easily repair the
removed motor
for future use.

FIGURE 2. The Veros ForeSight software offers fault indicator trends. (Source: Veros Systems Inc.)

FIGURE 3. These 

photos show burn

marks, a crack in

the ribbon cage and

excessive wear on

balls. (Source: Veros

Systems Inc.)

Pumps Fans Motors Compressors

Cavitation Impeller damage Stator shorts Impeller damage

Partial/low flow Bearing damage Over-/under-loading Bearing damage

Dry running Unbalance/ Bearing degradation Unbalance/
misalignment misalignment

Seal failures Rotor bar/end ring cracks

Impeller damage External misalignment

Bearing damage Stator eccentricity

Issues detected with electrical waveform condition monitoring systems

(Source: Veros Systems Inc.)
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W
hen it comes to achieving that critical balance of

optimizing recovery while reducing cost and mini-

mizing risk, wellbore integrity tops the list of operator

priorities. Casing damage and cement deterioration can

significantly jeopardize wellbore integrity, resulting in

increased costs and nonproductive time (NPT) or even

a dangerous kick or blowout.

Casing and cement evaluation to identify problems

before these impact field economics and threaten crew

safety and the environment are essential in all phases of

well development, from unconventional hydraulic fractur-

ing operations to challenging offshore campaigns.

Mechanical integrity evaluation has improved signifi-

cantly in recent years. Developments in ultrasonic scan-

ning tools have resulted in more effective casing thickness

measurements, and advances in magnetic flux leakage

tools allow them to deliver greater reliability in identify-

ing otherwise undetectable holes, cracks and other anom-

alies in the casing. New 3-D visualization capabilities with

high-resolution data delivered in real time enable opera-

tors to detect cement and casing imperfections with

greater accuracy and certainty.

Historically, casing and cement inspection has involved

running evaluation tools on separate strings in multiple

trips downhole, a limitation that adds cost and time to the

operation. A new service has been devised that combines

the capabilities of several casing and cement evaluation

tools on one string, minimizes NPT and rig time and

enhances data quality by delivering a complementary and

independent set of measurements. Each tool generates a

distinct set of curves or logs that complement each other,

facilitating better log-quality control, data confidence and

comprehensive analysis.

Depending on the customer’s needs, the tools can be

run in any combination or separately. The approach pro-

vides a level of redundancy that gives operators validation

that the wellbore is safe for intervention and remediation

work required in the growing number of mature wells. 

In new completions, where focus on well integrity has

heightened in recent years, the methodology can be valu-

able as a preventive measure by determining whether to

pressure up a well from the surface, for example, or run

packers to isolate any weak spots in the casing.  

The Weatherford SecureView casing and cement evalu-

ation service, which was launched at the 2015 Offshore

Technology Conference in Houston, brings together the

latest generation of four technologies for evaluating cas-

ing and cement integrity: 

• UltraView, an ultrasonic measurement tool enhanced

with a discrete Fourier transform algorithm, uses a rotat-

ing ultrasonic transmitter/receiver sensor to scan the

Multiple casing, cement evaluation
tools enhance well integrity
With the focus on well integrity, using multiple tools in a single string can be valuable as a

preventive measure.

Branden Ruyle, Weatherford

In a well in South Texas, the combined tools were able to show a

1.8-m gap in the casing. (Source: Weatherford)
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borehole and calculate properties such as casing

thickness and cement acoustic impedance;

• CalView, a high-resolution, multisensory

caliper tool, uses an array of 40 or 60 preci-

sion-calibrated independent mechanical arms

to measure casing inside diameter (ID),

regardless of internal defect; 

• FluxView, a magnetic flux leakage tool, is

designed with a powerful magnet to produce

concentrated levels of magnetic flux in the cas-

ing wall, which can leak in the event of casing

defects; and 

• BondView, a cement-bond tool (CBT), features

a sonic transmitter and two receivers to provide

traditional data such as amplitude travel time,

signature and variable density-log information

to interpret and analyze casing-to-cement and

cement-to-formation bonds. 

All except the cement-bond technology have 3-

D visualization capabilities. 

In field tests, different combinations of the tools

deployed on one string successfully detected cas-

ing damage and separation in well post-fracturing

and also evaluated casing integrity prior to initiat-

ing hydraulic fracturing. Case studies from two of

the field tests are presented in SPE paper 172807-MS.

Before, after fracturing evaluation 
In an unconventional oil well in South Texas, the ultra-

sonic measurement tool was used in combination with

the multisensor caliper and the CBT after the operator

noticed the casing collar had moved upward a few feet

post-fracturing. A casing bond log (CBL) had been run

prior to fracturing, but the condition of the casing post-

fracturing was unknown. 

The ultrasonic measurement tool generated cement

and casing evaluation logs, while the CBT showed an

absence of pipe from 98.8 m to 100.6 m (324 ft to 330 ft)

and an irregular cement response from 99.4 m to 104.3

m (326 ft to 342 ft).  From 98.8 m to 103 m (338 ft), the

casing ID also increased.

The deployment of the 40-arm multicaliper tool to fur-

ther analyze the condition of the 5½-in. outside diameter

(OD) casing revealed that there was no casing wall

between 98.8 m and 100.6 m, with additional abnormali-

ties indicated down to 103.6 m (340 ft). Further analysis

determined that the collar, positioned at 87.8 m (288 ft)

by the CBL prior to fracturing, had shifted up to a depth

of 86 m (282 ft) in the ultrasonic log post-fracturing. 

The triple-tool combination determined that the casing

had separated a total of 1.8 m (6 ft) between 97.6 m (320

ft) and 103.6 m due to pressure buildup during the fractur-

ing operation. While the ultrasonic tool had determined

the casing was in good condition inside and out at the start-

ing depth of 99 m (324.7 ft), the multisensor caliper indi-

cated a defect just beneath that depth. The 3-D imaging

software in both tools visualized the defects in more detail

to provide a better description of the casing condition. 

Moving down an additional 0.6 m (2 ft), the ultrasonic

tool showed both ID and OD increasing, with a remain-

ing wall of 73% and a large internal cut. The multisensor

caliper also showed enlarged diameters with two cuts in

the casing. Continuing down another 0.3 m (1 ft), the

ultrasonic tool showed a total break of the casing, while

the multisensor caliper showed a total casing break with

two ID enlargements. 

Both tools showed a complete absence of casing for sev-

eral feet, with first readings of good casing at 101.5 m

(333 ft) with a high percentage of remaining wall. 

The field tests showed that one evaluation tool can

identify defects that another tool cannot, both before a

well is hydraulically fractured and post-fracturing. The

combination of multiple tools deployed on one string

delivered more detailed and comprehensive data,

enabling the operator to better interpret what was hap-

pening downhole and make informed wellbore integrity

decisions efficiently and cost-effectively.

Field tests showed that the combination of multiple tools deployed on one

string delivered more detailed and comprehensive data that the operator

could use in making wellbore integrity decisions. (Source: Weatherford)
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T
he development of seismic acquisition systems for

land is divided into two types of systems, traditional

cable-based systems and cableless systems. Cableless sys-

tems may be subdivided further by communication

strategies and form factors. The hybrid system

combines the strengths of cable systems

and cableless systems into one seam-

less system that minimizes the weak-

nesses of each architecture and

enhances the over-capability of

the system. 

The cable-based system is the

industry standard for record-

ing seismic data with an archi-

tecture that still dominates

global usage. Capable of work-

ing in a diverse set of environ-

ments, the primary benefits of a

cable-based system include

detailed quality control (QC) of the

data and secure collection. Data

stream to a central computer and are

recorded in near-real time

with the shooting. 

The drawback of this

method is the heavy and cum-

bersome cables. Cables expose

the operation of the system to

unwanted human contact as well as impact on animals

and other environmental factors. Cables also constrain

the acquisition designs to standard receiver station spac-

ing and geometry configurations. Cables add a substan-

tial amount of weight to the system, which increases the

burden on deployment crews.

The cableless system architecture typically uses a stor-

age and harvest strategy. Individual nodes record and

store data for harvest after the shooting is complete. The

lack of cables means that system weight is reduced, and

there are no constraining factors like cable lengths and

take-outs to limit the receiver station interval and final

form of the recording geometry. However, the benefits

gained by the cableless architecture come at the cost of

limited QC and the risk of data stored in individual

nodes that remain in the field until harvest. 

Hybrid system
A hybrid system combines the two archi-

tectures into a single system where

operators can mix cableless record-

ing with cable-based recording to

effectively adopt the strengths of

both systems and minimize the

weaknesses. This provides many

operational advantages.

Regions with difficult access

can be reserved for cableless

recording, while the cable-

based system can be deployed

in less sensitive areas. Another

added benefit is that the cableless

system adds very small additional

operational cost since the nodes can

be added to the project at any time and

removed at any time with no

impact to the shooting strat-

egy. However, the benefits

extend beyond the opera-

tional considerations. The

flexibility of the hybrid system

creates the opportunities for hybrid geometry strategies

such as variable density recording, which allows geo-

physicists to modify sampling strategies to achieve spe-

cific sampling goals.

System concept
By design, most cableless recording nodes are continu-

ous recording instruments. They synchronize their tim-

ing using precise 2-ms pulses of the GPS satellites and

record data continuously. The data are later parsed
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Benefits of hybrid seismic 

acquisition systems
Nodes can aid cabled systems to image multiple targets or adapt 

to a diverse set of demands. 

C.J. Criss, Inova

LAND

SEISMIC

This figure depicts the process of deploying a 

cableless node in dense vegetation. Each station is a fully

autonomous recording system that gathers data 

continuously. (Source: Inova)
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into records when synchronized with the source tim-

ing, and the remainder of the continuous data is dis-

carded. The continuous recording nature of the

cableless system makes it a nearly perfect candidate to

function as a slave system. 

The old concept of

master/slave systems

was originally intro-

duced to build up

channel counts by

combining multiple

systems. Very high

channel counts of

modern systems have

eliminated this need,

but the concept still

applies when mixing

system types for

added flexibility 

and benefits. 

A cable-based sys-

tem can be deployed, and the continuously recording

cableless system can be mixed in with the cabled system

in nearly any fashion to suit nearly any requirement. The

cable-based approach deals with templates. A template is

a subset of sensor stations that record for any specific

source point. 

Cableless systems require no notion of templates

since they are always recording when deployed. This

means that a cable-based system that is augmented with

cableless nodes can

be used in a normal

way with only limited

consideration for the

channels added by

the cableless nodes. 

A well-implemented

hybrid system will

combine the traces

from the two systems

after shooting and

harvest is complete to

form complete trace

gathers of raw data

ready for processing.

Geophysical
advantages
The operational aspects of a very flexible system make

possible high-density or otherwise large seismic spread

recording in nearly any environment such as urban areas

or mountainous areas where the use of cable-based sys-

tems is quite complicated. However, some of the greatest

strengths of this approach can be realized in the oppor-

tunity for creative sampling strategies. 

Survey geometries are often designed to image single

prospects or depths.

However, many areas

have multiple

prospects at multiple

depths. It is not

uncommon to have a

shallow imaging

prospect that requires

a denser, finer sam-

pling pattern com-

bined with a deeper

prospect that requires

larger apertures and

less dense sampling. 

A variable density

survey design can

accomplish the imaging goals of both prospects with

the same source effort. In addition to pre-planned sur-

vey goals, cableless nodes can be added to survey

geometries at any time during acquisition to begin

recording additional traces for specific sampling goals.

Source effort
It is common to begin acquiring a seismic survey and

discover that areas of the shooting are poorly sampled

due to noise or sur-

face features obstruct-

ing deployment or

shooting. A common

practice among seis-

mic operators is to

augment those por-

tions of the survey

with additional

source effort. The

cableless nodes

change that tradi-

tional strategy

because they can be

added at any stage

during the acquisi-

tion to increase trace

density in designated areas. 

This benefit is gained because cableless nodes are con-

tinuous recorders. Once deployed, the nodes begin to

collect trace data from any shot fired. This allows the

A hypothetical variable density geometry is shown where a region near the

center of the project has been doubled in density 

with cableless nodes. (Source: Inova)

LAND

SEISMIC

This figure shows the fold coverage for the hypothetical design, illustrating

that a significant increase in trace density is possible. (Source: Inova)
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seismic contractor to adapt the project as it shoots to

achieve better sampling results. This strategy is accom-

plished with no additional source effort and minimal

additional operational effort, so it adds very little cost to

the final project.

Cableless nodes also can augment active shooting in

less common ways. A great deal of seismic data is cur-

rently being recorded to guide completion strategies

where accurate geosteering is the primary goal of the

seismic. Additionally, cableless nodes are capable of mon-

itoring microseismic events. 

The flexibility of nodes is a great benefit on active 3-D

projects to record data from a variety of specialized sen-

sors such as downhole arrays. In this case, the downhole

data are recorded simultaneous with surface shooting to

help calibrate and understand the details in the surface

shooting. The same nodes may be used in a passive mode

to record microseismic events from either downhole sen-

sors or surface spreads.

The flexibility of the cableless node is only beginning

to be fully appreciated by the seismic industry. Nodes

can form hybrid systems to create a seismic recording

architecture capable of imaging multiple targets or

adapt to a diverse set of demands with little additional

cost. Because of the continuous recording nature of the

node, it can be used in nearly any situation where seis-

mic data are recorded. 

Hybrid systems can be scaled from just a few nodes

to hundreds of thousands of channels and can be

deployed with any geometry type without suffering

the inefficiencies arising from pre-configured cables

designed to accommodate standard sampling inter-

vals. The benefits of the hybrid system enable seismic

contractors to be more flexible and adaptive, while

acquisition geophysicists will find that they can design

surveys with less restrictions. This creates the opportu-

nity to improve the quality of seismic data in nearly

any environment. 

References available.
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T
he emergence of civilian drones, or unmanned air-

craft systems (UAS) as they are more properly known,

has gained a high public profile in recent years, and this

has not escaped the attention of innovators in the oil

and gas industry, who have proposed numerous applica-

tions for them. Among these innovators are the man-

agers of land seismic crews operating cableless systems

who have a set of particular challenges that they hope to

address by operating drones alongside their seismic

acquisition systems.

Cableless recording systems typically use autonomous

field units that record seismic data into their embedded

memory without any means of having their operational

status monitored by the system operator. The field units

of some of the most common systems are equipped with

short-range wireless transceivers that allow them to be

interrogated from within a few hundred meters on the

ground but do not have a long enough range to trans-

mit their status back to the recording vehicle. For the

operator to identify damaged, faulty or missing field

units, personnel are typically deployed on the prospect

to interrogate the field units with wireless transceiver-

equipped portable computers, which are transported on

foot, by all-terrain vehicles or where possible by truck.

To make this operation more efficient, especially in

areas with difficult access, crews operating cableless

systems have at times used aircraft to lower the man-

power effort and improve the frequency of gathering

the state-of-health data. Since at least 2008 some crews

have been using helicopters or small fixed-wing air-

craft to harvest this state-of-health data from Sercel

UNITE systems—methods for which Sercel holds two

current patents.

Drones
With the emergence and

developing technical

sophistication of drones,

seismic crew managers have

been considering how they

might be employed to

lower costs and decrease

risk in acquisition projects.

Their use instead of heli-

copters and light aircraft

would greatly reduce oper-

ating costs, enabling a far

wider take-up of airborne

status harvesting. Further-

more, supplementing

ground-based state-of-

health data collection with

drones would greatly

reduce the number of times that field personnel are

required to travel around the prospect, with a subse-

quent substantial reduction in HSE exposure. 

Without doubt, the world’s biggest market for cable-

free systems is the U.S., where the Federal Aviation

Authority (FAA) has lagged behind many other jurisdic-

tions in providing a regulatory framework for the com-

mercial application of drones. Indeed, while it works its

way through a multiyear program aimed at developing

regulations for the safe integration of drones into U.S.

Drones support seismic acquisition
The use of drones to check up on seismic equipment will save 

money and provide HSE benefits.

Steve Wilcox, Sercel

Drones are being employed to provide health checks on cableless seismic units. (Source: Sercel)

http://EPmag.com




EPmag.com   |   June 2015 69

airspace, the FAA has applied a blanket ban on drone

operations for commercial purposes, which clearly pres-

ents an enormous barrier to their introduction into the

seismic industry. 

Nevertheless, the FAA has on occasions granted indi-

vidual exemptions to the ban based on usage scenarios

and safety cases proposed by the applicant, and recently

a newly founded company—Blue-Chip UAS—was

granted such an exemption, which specifically allows it

to commercially operate drones in support of a range of

services to various industries, including the seismic

exploration industry. 

Working in partnership with Paragon Geophysical, a

seismic exploration contractor, Blue-Chip UAS will be tri-

aling the services that it plans to offer to the land seismic

industry over the next few months. Alongside the harvest-

ing of seismic field equipment status

data, Blue-Chip UAS will offer aerial

surveying and photographic record-

ing services, which are also of value

to seismic contractors.

With a license from Sercel to use

its patented methods, Paragon and

Blue-Chip UAS will operate a Sen-

surion Magpie UAS on a Sercel

UNITE crew, initially on a trial

basis, but will extend operations to

all of its UNITE crews when field-

testing is complete and the benefits

of the service are proven.

Jeff Logan, vice president of oper-

ations at Paragon Geophysical, said,

“We are extremely excited to finally

be able to get the drone in the air and prove that we can

make great gains in efficient use of our personnel and at

the same time reduce the HSE exposure of our people by

greatly reducing the amount  that they will need to move

around the prospect by foot and all-terrain vehicle.”

The system

The Sercel UNITE system is particularly suitable for this

application, incorporating a sophisticated Wi-Fi transceiver

with an antenna that has an excellent aperture profile for

communications from above. The system’s central unit

interfaces transparently with the harvesting equipment,

and it incorporates features that give the operator a clear

overview of the status of the equipment once the status

data have been received from the harvesting equipment.

The FAA-certified Sensurion Magpie is a small, fixed-wing

UAS propelled by an electric motor and equipped with an

autonomous navigation system and a live camera feed to

the ground station. The design of the aircraft means that it

can stay airborne and operational significantly longer than

alternative designs such as multirotor aircraft, allowing the

entire spread to be covered in one flight operation. 

The camera system allows the operator to record and

document landscape and culture features within the sur-

vey area, allowing the project manager to perform pre-

project surveys. This information can then be used in

conjunction with maps and satellite images to plan details

of the project. Furthermore, a post-project survey can

also be undertaken to provide evidence of the impact that

the project has had on the landscape and infrastructure,

simplifying discussions with landowners, etc.

An additional feature is that the GPS position of the

aircraft is transmitted every few seconds on the teleme-

try link from the aircraft to the ground station, where it

is recorded. This allows the opera-

tor to verify that the drone has

flown only its pre-planned route

over permitted land and, if the

need arises, the operator can pro-

vide evidence of this should there

be any dispute about its flightpath.

For Blue-Chip UAS, the next

stage after the benefits of using

drones in seismic have been estab-

lished with Paragon is to begin

offering its services not only to

other seismic contractors operating

Sercel UNITE systems but also to

companies operating in other sec-

tors and industries that can benefit

from aerial surveys over a wider

area. An example of a potential application is wildlife

surveys. The lesser prairie chicken is a grouse-like bird

that is listed as an endangered species and whose habitat

often coincides with areas in the U.S. where oil and gas,

wind power, and transmission line developments fre-

quently take place. To halt the decline of this species,

the U.S. Fisheries and Wildlife Service has created a

conservation plan that under certain circumstances

requires that a species population survey is performed

before any work commences. Blue-Chip UAS believes

that it is extremely well placed to be able to offer this

service in a highly cost-effective manner.

With these developments, it seems clear that a new era

of efficiency and safety of operations is beginning for

the land seismic industry in North America. Drones may

soon be a common sight flying over a seismic prospect,

while the sight and sound of all-terrain vehicles travers-

ing the land may become much rarer. 

The aircraft 

can stay airborne

and operational 

significantly longer 

than alternative 

designs.
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T
he cutters in the center of a standard polycrystalline

diamond compact (PDC) drillbit are highly ineffi-

cient due to the nature of the cutting action of a PDC

bit. The cutters in the center of the bit are rotating

around a very tight radius, and the cutting edges on

these central PDC cutters are simply not able to engage

the rock formation in an efficient manner. This results

in the cutting structure in the center of the drillbit con-

suming a lot of energy while destroying very little rock.  

With the MicroCORE cutting system, these center cutters

are removed, and the energy being transmitted to the bit in

the form of weight on bit and RPM is more efficiently used

to destroy rock. The end result is higher drilling rates.

The MicroCORE cutting system, part of Tercel’s pre-

mium PDC drillbit product line, is a technologically

evolved cutting structure from the standard PDC drill-

bit. The technology that is a part of this system has

developed significantly over the last two years as Tercel’s

engineering staff has studied performance and dulling

characteristics from hundreds of runs from around the

globe. The result is a product that consistently drills

faster than offset PDC drillbit runs while also continu-

ously producing large intact cuttings that can be used

for advanced geological insight.  

Figure 1 shows a cutaway of the MicroCORE cutting

system. The traditional cutting structure is interrupted

in the center of the bit, which allows an uncut core to

build up in the center of the bit (1 and 2). This small

core is efficiently broken off as the bit progresses for-

ward (3) and then is hydraulically evacuated out the

junk slot (4).  

Bakken play
In North Dakota’s Williston Basin, the Bakken play has

been a very active area for oil and gas exploration. Ter-

cel has been working with a variety of operators in the

area to improve their drilling efficiency and enhance

their overall operations. As part of this work, an E&P

company ran a standard Tercel PDC bit and two differ-

ent designs of a Tercel PDC bit with the MicroCORE

cutting system in the same area in

the 8¾-in. vertical interval.

The 8¾-in. vertical interval typi-

cally starts at a measured depth

(MD) of 701 m (2,300 ft) and gen-

erally runs to the kickoff point at

around 3,049 m (10,000 ft) MD,

which varies depending on the

well location in the basin. This

interval is characterized by fairly

soft but highly interbedded forma-

tions in the shallower sections of

the interval. As the interval pro-

gresses, there are many hard stringers of sandstones

and limestones interbedded along with competent

shale sequences.

A comparison was made between three Tercel bits—a

standard PDC bit, a PDC bit with the MicroCORE cut-

ting system and a PDC bit with a MicroCORE cutting sys-

tem that was optimized for the application based on

drilling performance and dulling characteristics. When

comparing the standard PDC bit to the first MicroCORE

PDC run, a noticeable improvement in ROP was

observed throughout the run.  

June 2015   |   EPmag.com70

Coring-while-drilling system refined

to enhance drilling rates 
When the center cutters are removed and the energy being transmitted to the bit is more 

efficiently used to destroy rock, higher drilling rates are achieved.

Mark Freeman, Tercel Oilfield Products

DRILLBITS

FIGURE 1. The cutaway of the Tercel MicroCORE cutting system illustrates the progression of

a core (red) being cut while drilling ahead and then removed out the junk slot. (Source:

Tercel Oilfield Products)
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Then, as the design was further optimized, that bit
run produced a noticeable improvement in the ROP
even vs. the first iteration of the MicroCORE design.

Eagle Ford play
Improved drilling performance was achieved in the Eagle
Ford play in South Texas.  In this example, the operator
was drilling the 8¾-in. production interval. This involves
drilling the curve and lateral of these horizontal wells on
a steerable motor. In this application, the operator is
drilling the curve at around 12 degrees per 30 m (100 ft)
and then drilling a 2,134-m (7,000-ft) lateral without mak-
ing a trip for a bottomhole assembly or bit change.

For a particular operator drilling in Webb County,
Texas, the Tercel MicroCORE bit runs were compared to
PDC bit runs from other manufacturers. Most of the drill-
bits in this comparison were drilling to the same depth
and generally pulled after reaching total depth for the
well. However, there is a marked difference in the ROP for
the MicroCORE cutting system bits relative to the stan-
dard PDC bits. Specifically, the average ROP of the non-
Tercel bits is around 22 m/hr (72 ft/hr), while the Tercel
bits averaged about 28 m/hr (92 ft/hr). This results in a
time savings of about 24 hours to drill this interval. With a
typical spread cost in the U.S. land drilling market, this
saved about $75,000 in drilling costs per well.

Tunu Field
In Figure 2 there is a performance comparison of all Ter-

cel bits in the same application. This interval is in the 8½-
in. section of the Tunu gas and condensate field in Indone-
sia. This is a directional interval consisting of interbedded
sandstones, shales, siltstones, coal and traces of limestone. 

The general unconfined compressive strength of the
rock in the interval is relatively low, but it ranges from
8,000 psi to 15,000 psi throughout the interval. The
nature of the rock and directional demands for the
interval often resulted in impact damage on the PDC
cutters on the bit.

In Figure 2, the comparison being made is between
three Tercel bits. Runs one and two are standard cutting
systems, while run three employs the MicroCORE cut-
ting system. From the first to the second run, some
improvements were made in the design of the bit that
increased performance. 

However, there was a step-change improvement
(50% boost in ROP) in performance when the Micro-
CORE design was used in the third run. The
improved drilling efficiency showed in the improved
ROP, and the improved stability of the bit is illus-
trated by the improved dull condition of the bit
exhibiting no broken or chipped cutters.

As the MicroCORE cutting system is introduced to
new applications, the Tercel engineering staff continues
to develop design practices that improve ROP and help
drill longer intervals. These updated design characteris-
tics then become established as best practices and are
incorporated into all new products manufactured.

DOWNLOAD
THE APP

FIGURE 2. Three Tercel bits used in the same interval in the Tunu Field, Indonesia, are compared. The third run (right) shows a step-

change improvement (50% boost in ROP) using the MicroCORE design. The improved dull condition of the bit exhibited no broken or

chipped cutters. (Source: Tercel Oilfield Products)

http://EPmag.com






EPmag.com   |   June 2015 75

DRILLBIT 

RECORDS

W
ith the downturn in the oil and gas industry, opera-

tors have shifted their emphasis to more efficient

drilling operations to further reduce costs and maintain

production. Drillbit manufacturers are optimizing bit

designs for improved ROP and more endurance for

longer single-run bit trips.

Nearly every bit manufacturer offers bit optimization

combined with application-specific designs. Halliburton

now has its GeoTech matrix- and steel-body fixed-cutter

bits. The company said it can determine during the

design stage if modifications can result in performance

enhancement under specific operating conditions.

Shear Bits noted on its website “that the most success-

ful drillbit designs are the ones targeted at very specific

drilling challenges. There is no question that improved

bit performance is a major contributor to reduced

drilling costs.” The company introduced its Pexus

hybrid bits, which are setting records in Canada.

Schlumberger’s Smith Bits developed the IDEAS inte-

grated drillbit design platform, which is another exam-

ple of an approach to optimizing bit design. For

example, with strategic placement of conical diamond

elements across the face of the StingBlade bit, ROP and

footage can be improved in hard-rock formations.

These are all examples of record-setting technology for

the industry. For 2015, the complete drillbit records have

been updated on EPMag.com under quick links on the

home page and can be accessed by E&P subscribers. In

this listing, only 35% of the complete records are listed,

including all of the new records for 2014 to 2015. 

Optimizing bit design improves

drilling efficiency
Bit manufacturers push designs to increase ROP and performance to 

meet specific conditions and formations. 

Scott Weeden, Senior Editor, Drilling

2.250 Natural Diamond 221NDU 115.0 14.4 Offshore Aberdeen 1997 Montrose Amoco North Sea National Oilwell Varco

2.750 PDC STR324XLDG2K 821.0 73.3 North Slope, Alaska 1998 Prudhoe Bay Arco Alaska Baker Hughes

2.875 Bicenter SR533 426.0 27.1 Colorado 2000 Keota HS Resources National Oilwell Varco

3.000 Bicenter SRRE3408M-B1 2,622.0 79 Beechy Point, Alaska 2010 Kuparuk River ConocoPhillips National Oilwell Varco

3.125 Bicenter SR933 469.0 53.6 Weld Co., Colo. 2000 Keota HS Resources National Oilwell Varco

3.250 Bicenter SRF340 1,709.0 52 North Slope, Alaska 2012 Kuparuk ConocoPhillips National Oilwell Varco

3.375 Bicenter SRRE3208S-B1 387.0 39 Beechy Point, Alaska 2009 Prudhoe Bay BP Exploration (Alaska) National Oilwell Varco

3.625 PDC DSR611S-A1 2,511.0 17 Saudi Arabia 2010 Hawiyah Saudi Aramco National Oilwell Varco

3.750 Bicenter BC27Q 1,388.0 55.5 Muscat, Oman 2000 Yibal PDO Smith Bits

3.875 PDC DS19 7,115.0 73.7 Abu Dhabi 2007 JY, 07 Adco National Oilwell Varco

4.000 PDC FM2421 354.0 6.16 New South Wales, Australia 2011 Unnamed OCA Halliburton DBS

4.125 Insert MF3 1,673.0 60.7 Qatar 2002 Dukhan Qatar General Petroleum Smith Bits

4.250 PDC M20 1,082.0 8.6 Hidalgo Co., Texas 1999 McAllen Ranch Texaco Smith Bits

4.375 Milled Tooth S44 4,881.0 41.5 Gulf of Mexico 2007 Unnamed Arco Alaska Halliburton DBS

4.625 Bicenter SR533 1,057.0 7.5 Lavaca Co., Texas 1998 Saltfleetby Candecca National Oilwell Varco

SINGLE-RUN FOOTAGE
SIZE, IN. BIT STYLE TYPE FOOTAGE ROP, FT/HR LOCATION YEAR FIELD OPERATOR MANUFACTURER

The Shear Bits 121∕4-in. Pexus Hybrid Drill Bit was developed to drill

Western Canadian surface intervals through glacial tills, finishing

in Tertiary and late Cretaceous shales and sand stringers.

(Source: Shear Bits)
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SINGLE-RUN FOOTAGE (continued)

SIZE, IN. BIT STYLE TYPE FOOTAGE ROP, FT/HR LOCATION YEAR FIELD OPERATOR MANUFACTURER

4.750 Insert MF15G 1,732.0 119.5 Alberta, Canada 1997 Brintnell C.S. Resources Smith Bits

4.875 PDC FX53 3,841.9 88.32 Volga District, Russia 2011 Dolgovskoe Orenburgneft Halliburton DBS

5.000 Hammer C683G 6,911.0 68.4 Texas 2006 Wildcat Willo Atlas Copco O&G Drilling

5.250 PDC M09PX 840.0 8.5 Atyrau, Kazakhstan 2002 Tengiz TCO Smith Bits

5.375 Bicenter CSDRE3311S-A1-Z 4,265.0 17 Russia 2009 Listvenskoe TNK-BP National Oilwell Varco

5.625 Natural Diamond D71H 1,225.0 7.2 Vermilion Parish, La. 1992 Kaplan Mobil Smith Bits

5.750 PDC MKS70R 4,941.0 27.2 Onshore Saudi Arabia 2006 Shedgum Precision Drilling International Varel International

5.875 Hammer C623G 6,308.0 59.5 Atoka Co., Okla. 2006 Atoka Brighton Atlas Copco O&G Drilling

6.000 Milled Tooth XR+RP 6,391.0 65.7 Oman 2002 Burhaan PDO Smith Bits

6.125 Natural Diamond K705TBPXC 2,913.0 23.62 Offshore Taranaki, New Zealand 2007 Pohokura STOS Smith Bits

6.250 Hybrid SHP613D 4,878.6 94.16 Alberta, Canada 2015 Hussar Cenovus Shear Bits

6.500 Natural Diamond IQ308D 2,074.0 9.92 Freestone Co., Texas 2010 Unnamed Devon Energy Halliburton DBS

6.625 PDC FX54R 6,338.6 115.25 Alberta, Canada 2011 Unnamed Encana Halliburton DBS

6.750 Bicenter CSD544 8,243.0 44.7 Gulf of Mexico 2002 South Timbalier ChevronTexaco National Oilwell Varco

7.000 Insert XR15T 540.0 23.1 Rivers State, Nigeria 2002 Agbada Shell Smith Bits

7.125 Bicenter CSD444 11,109.0 91.4 Gulf of Mexico 2000 High Island 469 Spirit Energy National Oilwell Varco

7.250 Bicenter SRF444M 2,016.0 30.3 Niobrara Co., Wyo. 2000 Brooks Draw Abraxas National Oilwell Varco

7.375 Bicenter QDG54PX 2,563.0 6.7 Goliad, Texas 2003 Alkek North Zinke & Trumbo Smith Bits

7.500 PDC MM55DH 2,437.0 18.31 Sichuan, China 2012 Unnamed CCDC Halliburton DBS

7.625 Insert HP62 7,424.0 100.3 Texas 2001 NBU LDNG National Oilwell Varco

7.875 Natural Diamond D47H 3,942.0 31.5 Permian Basin 1983 Spraberry Holiday Smith Bits

8.250 Hammer C623G 2,783.0 64.7 Lycoming Co., Pa. 2011 Marcellus Anadarko Atlas Copco O&G Drilling

8.375 Bicenter SBX152 1,456.0 29.5 Venezuela 2006 Onado CGC National Oilwell Varco

8.500 Milled tooth TCTI+R 32,586.0 186.15 Qatar 2009 Al Shaheen Maersk Oil Qatar AS Smith Bits

8.625 Hammer H28M8 2,260.0 46.8 Alberta, Canada 1990 Jumping Pond Shell Canada Smith Bits

8.750 Milled Tooth MX-C1 7,528.0 162.8 Alberta, Canada 2001 Brintnell AEC Oil & Gas Baker Hughes

9.000 Hammer C683G 1,325.0 85.5 Faulkner Co., Ark. 2010 Fayetteville Chesapeake Energy Corp. Atlas Copco O&G Drilling

9.500 Bicenter PSD5413 7,473.0 9,278 Assumption Parish, La. 2014 Ramos Drilling Risk Management National Oilwell Varco

9.500 Milled Tooth EQHC1RC 3,667.0 46.13 Eldfish, Norway 2013 Unnamed ConocoPhillips Halliburton DBS

9.750 Hammer H1209D+ 5,155.0 122.7 Faulkner Co., Ark. 2011 B-43 Chesapeake Smith Bits

9.875 Hybrid SVP619 2,064.0 120 Alberta, Canada 2013 Wild Hay Shell Shear Bits

10.250 Insert EQH20D2R 21.0 0.54 Santa Cruz, Bolivia 2012 Tacobo PlusPetrol Bolivia Halliburton DBS

10.375 Insert F4 1,098.0 84.5 Knott Co., Ky. 1983 Unnamed Inland Gas Smith Bits

10.500 Insert SL53A 4,804.0 64.9 Saudi Arabia 2005 Shaybah Saudi Aramco National Oilwell Varco

10.625 Hybrid SDP616 1,670.0 73.5 Alberta, Canada 2014 Cadorna Shell Shear Bits

10.875 Milled Tooth DSJ 1,850.0 112.1 Acadia Parish, La. 1983 IOTA Petrus Smith Bits

11.000 Hybrid SVP516 2,024.0 98.8 Alberta, Canada 2014 Pouce Coupe Birchcliff Energy Shear Bits

11.125 Bicenter CSD144 6,200.0 47.9 Lavaca Co., Texas 2005 Morales Hunt Oil National Oilwell Varco

11.375 Milled Tooth QHC1RC 1,709.3 170.93 Alberta, Canada 2010 Unnamed Imperial Oil Resources Halliburton DBS

11.500 Natural Diamond S280G89 133.0 2.8 Niedersachsen, Germany 2001 Kloserseelte BEB Erdgas & Erdoel Baker Hughes

11.625 PDC M516LHPX 7,218.0 54.3 Yamalo-Nenets, Russian Federation 2006 Achimov Achimgaz Smith Bits

11.750 Bicenter CSD266 4,343.0 62 Starr Co., Texas 2002 North Rincon Shell E&P Co. National Oilwell Varco

12.000 Natural Diamond IQ616D 391.0 5.18 Al Jawf, Saudi Arabia 2012 Unnamed Saudi Aramco Halliburton DBS

12.125 PDC S88BHPX 17,100.0 200.8 Offshore Malaysia 1998 Tapis Esso Malaysia Halliburton DBS

12.250 Insert MX-C09H 8,353.3 1,519 Offshore Norway 2010 Unnamed Statoil Baker Hughes

12.375 Insert EQH51D2RC 3,529.0 58.82 Belmont Co., Ohio 2014 Unnamed Rice Drilling D LLC Halliburton DBS

12.500 Natural Diamond 445 707.0 3.2 Wyoming 2001 Winkleman Dome Burlington Resources National Oilwell Varco

13.125 PDC FM2565Z 1,663.4 130.46 Alberta, Canada 2011 Unnamed Husky Oil Operations Halliburton DBS

13.500 Hammer H45S2 2,799.0 44.8 Terrell Co., Texas 1994 Wildcat Conoco Smith Bits

13.625 PDC S91BPX 5,695.0 74.4 Offshore Louisiana 2001 West Cameron El Paso Production Smith Bits

13.750 Hybrid SVP616 2,123.0 198 Alberta, Canada 2014 Wahigan Talisman Energy Shear Bits

14.000 Insert 3JS 357.0 2.9 Fremont Co., Wyo. 1987 Madden Deep BHP Petroleum Smith Bits

14.125 Milled tooth DSJ 4,000.0 210.5 South Timbalier, Offshore Louisiana 1969 South Timbalier Chevron Smith Bits

14.500 Hammer C624G 1,426.0 79.2 Hughes Co., Okla. 2005 Unnamed Newfield Exploration Atlas Copco O&G Drilling

14.750 Hybrid SVP619 2,241.0 71.9 Alberta, Canada 2014 Sawn Lake Pennwest Energy Shear Bits

15.000 Milled Tooth DSJ 4,542.0 245.5 Acadia Parish, La. 1967 Midland Edwin L. Cox Smith Bits

15.625 PDC DSX11 5,143.0 17.4 North Dakota 2005 Unnamed Nance Petroleum National Oilwell Varco

16.000 Hybrid SVP619 1,457.0 69.2 British Columbia, Canada 2014 Sandy Apache Corp. Shear Bits

16.125 Bicenter CSD244M 5,616.0 67.5 U.K. North Sea 2002 Joanne Phillips UK National Oilwell Varco

16.250 Milled Tooth MSDSSH 5,175.0 48.8 Pointe Coupee, La. 2001 Judge Digby Amoco Smith Bits
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SINGLE-RUN FOOTAGE (continued)

SIZE, IN. BIT STYLE TYPE FOOTAGE ROP, FT/HR LOCATION YEAR FIELD OPERATOR MANUFACTURER

16.375 Milled Tooth MSDSSHC 2,310.0 65.1 US Gulf of Mexico 2002 Mississippi Shell Smith Bits

Canyon 730

16.500 PDC MDI716LHBPX 12,410.0 92.1 Offshore Louisiana 2015 Tiber BP Americas Smith Bits

16.625 PDC Texas447 9,638.0 52.2 Offshore Louisiana 2001 Walker Ridge 70 Texaco Offshore Baker Hughes

16.875 PDC DS26 2,022.0 32.6 U.K. 1992 North Sea Petrofina National Oilwell Varco

17.375 Insert MS43 440.0 21.5 Colorado 2003 Mamm Creek Encana National Oilwell Varco

17.500 Hybrid HP633F 6,127.0 40 Aberdeen, Scotland 2013 Unnamed Tullow Oil Baker Hughes

17.625 Insert T41C 15,801.0 12.9 Oman 2006 Saih Rawl PDO/Dalma Energy National Oilwell Varco

18.000 Bicenter CSD244 4,176.0 38.8 Gulf of Mexico 2000 Mississippi Chevron USA National Oilwell Varco

Canyon 727

18.125 Milled Tooth XR+C 3,182.0 159.1 Amazon, Brazil 2004 Algodoal BP Smith Bits

18.250 Insert 2JS 669.0 4.7 Fremont Co., Wyo. 1987 Madden Deep BHP Petroleum Smith Bits

18.500 PDC FX76R 5,036.0 40.82 Tobasco, Mexico 2013 Sen Alianza II Halliburton DBS

18.625 PDC DS147 5,298.0 89 Texas 2006 Giddings Stroud Energy National Oilwell Varco

18.875 Bicenter QDS91PX 1,142.0 40.1 U.K. North Sea 2001 Penguin Shell UK Smith Bits

Block 211/14

19.250 Milled Tooth XT1GRC 771.0 23.19 Volga District, Russia 2014 Unnamed JSC Halliburton DBS

19.625 Bicenter DOSRWD 3,285.0 38 Offshore Louisiana 2002 Atwater Valley 63 ChevronTexaco Baker Hughes

19.750 PDC S88EHPX 149.0 48.7 Offshore Trinidad 2005 Coconut BP Trinidad Smith Bits

19.875 Natural Diamond DDR3039 3,694.2 7.32 Alberta 2006 Panther River Suncor Energy National Oilwell Varco

20.000 Milled Tooth DGJC 5,156.0 74.2 Pointe Coupee, La. 1999 Judge Digby BP Amoco Smith Bits

20.125 PDC S91VPX 4,026.0 101.9 Offshore Newfoundland 1999 Terra Nova Terra Nova Alliance Smith Bits

20.625 Insert 3JSCE 1,536.0 10 Beckham Co., Okla. 1991 SE Sweetwater Exxon Smith Bits

20.750 Milled Tooth XR+C 1,857.0 34.5 Balikpapan, Indonesia 2010 Trekulu Total E&P Indonésie Smith Bits

20.875 Bicenter DOSRWD 1,850.0 44.6 Offshore Louisiana 2000 Mississippi Chevron USA Baker Hughes

Canyon 707

21.125 Milled Tooth R-1 1,450.0 60.4 Offshore Louisiana 1999 Garden Banks 168Shell Offshore Baker Hughes

21.750 Milled Tooth XT1GRC 223.0 318.71 Ural District, Russia 2011 Verkhnekolik-Egan VNG Halliburton DBS

21.875 Milled Tooth XR+C 1,968.0 10.6 Burdur,Turkey 2007 Yukavoy Turkish Petroleum Co. Smith Bits

22.000 Bicenter BC91 3,600.0 105.9 Offshore Louisiana 1999 Eugene Island Seneca Resources Smith Bits

22.000 Hammer C624G1 1,036.0 49.33 Greene Co., Pa. 2015 Marcellus Rice Energy Atlas Copco O&G Drilling

22.000 PDC HC609S 3,269.0 16.1 Kuwait 2008 Unnamed Kuwait Oil Co. Baker Hughes

22.125 PDC S88PX 2,290.0 19.9 Salta, Argentina 2008 Tuyunti Pan American Smith Bits

22.250 Insert GS12BVEJ3C 2,270.0 66.76 Offshore Qatar 2007 North Field Shell Smith Bits

Shell - NFP 1-8

22.375 Insert GS12BC 2,145.0 30.3 Qatar 2007 North Field QG 3&4 Smith Bits

22.500 Insert GSi06UBVEJ3C 2,733.0 61 Offshore Sakhalin, Russia 2012 Lunskoye Sakhalin Energy Investment Co. Smith Bits

22.750 Insert GSi06UNBVEJ3C 2,277.0 39.9 Offshore Sakhalin, Russia 2011 Lunskoye Sakhalin Energy Investment Co. Smith Bits

22.875 Milled Tooth MSDGH 3,704.0 126 Norwegian North Sea 1992 Oseberg Norsk Hydro Smith Bits

23.000 Milled Tooth XT1GSC 4,025.0 45.23 Germany 2011 Unnamed RWE DEA AG Halliburton DBS

23.125 Milled Tooth DSJC 4,921.0 37.6 Ferrara, Italy 1991 Polesi ENI Agip Smith Bits

23.500 Insert GS04BCPS 2,742.0 49.9 Offshore Qatar 2005 North Field Dolphin Energy Ltd. Smith Bits

23.625 Insert T41C 15,800.5 12.94 Oman 2006 Saih Rawl Petroleum Development National Oilwell Varco

Oman/Dalma Energy

24.000 Hammer C824G1 440.0 36.67 Greene Co., Pa. 2014 Marcellus Vantage Energy Atlas Copco O&G Drilling

24.125 Milled Tooth MSDSSHC 5,677.0 48.1 Gulf of Mexico 2002 South Marsh Island El Paso Production Smith Bits

25.000 Milled Tooth XN1GC 187.0 11.1 Azerbaijan 2010 Unnamed BP Halliburton DBS

26.000 Hammer C824G1 380.0 33.04 Allegheny Co., Pa. 2014 Marcellus EQT Production Atlas Copco O&G Drilling

26.000 Insert ER14JMS 5,591.0 65.39 Western Australia 2012 Crown-1 Santos Petroleum Varel International

27.000 Milled Tooth XR+C 927.0 16.8 Saudi Arabia 2006 Manifa Saudi Aramco Smith Bits

28.000 Hybrid KM634X 4,226.0 35 Offshore Brazil 2013 Unnamed Repsol Baker Hughes

28.000 Milled Tooth XT1GRC 3,153.0 67.66 Offshore Mexico 2013 Unnamed Pemex Halliburton DBS

28.125 Insert GSI18BVQC 5,375.0 25.1 Dhabi, Kuwait 2009 North Kuwait Oil Co. Smith Bits

32.000 Insert GS18B 99.0 0.5 Iceland 2004 Unnamed Jardboranir Smith Bits

32.125 Milled Tooth SS1LRGSP 1,181.0 62.2 Offshore Norway 2002 Valhall BP Ulterra Drilling

Technologies

32.875 PDC DS132 4,528.0 33.5 Carmen 2005 Bloque Pemex National Oilwell Varco

33.000 Milled Tooth MSDSSVEJ3C 689.0 57.4 Balikpapan, Indonesia 2010 Trekulu Total E&P Indonésie Smith Bits

36.000 Milled Tooth XR+ 722.0 45.1 Comodoro, Chubut, Argentina 2009 Unnamed YPF Smith Bits

36.125 Milled Tooth MGSS+ 236.0 4.4 Salta, Argentina 2001 Aguarague Tecpetrol Smith Bits

44.000 Milled Tooth L111 165.0 55 Saudi Arabia 2012 HSBH Saudi Aramco Varel International

45.000 Milled Tooth L111 289.0 22.64 Offshore Denmark 2015 South Arne Hess Operating Varel International
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2.250 Natural Diamond 221NDU 115 14.4 Offshore Aberdeen 1997 Montrose Amoco North Sea National Oilwell Varco

2.750 Natural Diamond D331GEB 294 49.0 North Slope, Alaska 2001 Prudhoe Bay BP Exploration Baker Hughes

2.875 PDC ST3ALT 427 71.2 Weld Co., Colo. 2001 Girard Red Patina National Oilwell Varco

3.000 Bicenter SRR3408M-B7-Z 1,501 102.6 North Slope, Alaska 2012 Kuparuk ConocoPhillips National Oilwell Varco

3.125 Bicenter SR933 469 53.6 Weld Co., Colo. 2000 Carter HS Resources National Oilwell Varco

4.625 Insert MF5DP 1,755 42.5 Williams Co., N.D. 1997 Bay Batiste Pend Orielle Smith Bits

4.750 PDC FM2000 1,282 249.9 LeFlore Co., Okla. 2003 Wildcat CDX Gas Halliburton DBS

4.875 Bicenter CSDX4208-A1 1,191 17.1 The Netherlands 2005 Unnamed NAM National Oilwell Varco

5.625 Bicenter QDS3209PX 1,335 25.5 Yamalo-Nenets, Russia 2007 Pagranichnoe Sibneft Smith Bits

5.750 PDC FXD64 1,624 117.4 Tyumen Region, Russia 2014 Unnamed OOO SBK Halliburton DBS

5.875 Hammer H55R6S2 2,745 61.7 La Plata Co., Colo. 1999 South Ute Sierra Smith Bits

6.000 Insert XR15T 2,155 187.4 Abu Dhabi, UAE 2004 Asab ADCO Smith Bits

6.000 Natural Diamond IQ610 3,333 14.8 Oman 2010 Unnamed PDO Halliburton DBS

6.000 PDC V613UX 9,371 127.5 Dunn Co., N.D. 2013 Murphy Creek Marathon Oil Smith Bits

6.125 Bicenter MBC58 3,311 37.6 Saudi Arabia 2008 Zulf Saudi Aramco Varel International

6.125 Hammer H52R6R2 4,335 96.3 Rio Arriba Co, N.M. 1998 Basin Dakota Burlington Resources Smith Bits

6.125 Hybrid HP322 771 38.0 Fort St. John, Canada 2013 Unnamed Encana Corp. Baker Hughes

6.125 Milled Tooth FDS+P 1,410 282.0 Oman 1998 Amin PDO Smith Bits

6.250 Hybrid SHP613D 4,879 94.2 Alberta, Canada 2015 Hussar Cenovus Shear Bits

6.250 Insert ER6310 2,188 324.2 Alberta, Canada 2003 Suffield Encana Corp. Smith Bits

6.500 Bicenter STRWD444 3,995 99.9 Gulf of Mexico 2001 Main Pass 313 Chevron USA Baker Hughes

6.500 Hammer H41H6R2 5,752 152.4 Clearfield Co., Pa. 2007 Wildcat EOG Resources Smith Bits

6.750 Natural Diamond 901L 883 19.4 Jackson Parish, La. 2002 Vernon Anadarko National Oilwell Varco

6.875 PDC MGR84YPX 3,706 44.9 Offshore Zulia, Venezuela 2001 Lagunillas Chevron Smith Bits

7.125 Natural Diamond KER20573PX 159 6.1 Leon Co., Texas 2005 Bald Prairie Burlington Resources Smith Bits

7.250 Hammer C683G 6,911 68.4 Crockett Co., Texas 2006 Wildcat Willo Oil & Gas Atlas Copco O&G Drilling

7.375 Bicenter QDG54PX 981 11.7 Kleberg Co., Texas 2001 Yeary Wildcat El Paso Production Smith Bits

7.500 PDC MM55DH 2,437 18.3 Sichuan, China 2012 Unnamed CCDC Halliburton DBS

7.625 Insert ATJ-55A 1,133 125.9 Westmoreland Co., Pa. 1994 G.H. King 842 Parker & Parsley Baker Hughes

7.750 PDC FX65M 6,046 99.1 Rio Arriba Co, N.M. 2013 Unnamed Loges Resources Halliburton DBS

7.875 Hammer H42R8R3 3,420 126.7 Terrell Co., Texas 1997 Deer Canyon Conoco Smith Bits

7.875 Natural Diamond D12ST 328 48.6 Andrews Co., Texas 1995 Andrews Unocal Smith Bits

8.000 Insert ER5662 2,070 86.3 Sublette Co., Wyo. 2002 Stud Horse Butte Encana Oil & Gas Smith Bits

8.625 PDC FMX653Z 2,671 277.6 Ural District, Russia 2010 Muravelenkovsko OAO Gaspromneft NNG Halliburton DBS

8.750 Insert HE04JMRSV 2,008 167.3 Weld Co., Colo. 2015 Wattenburg Bonanza Creek Varel International

Energy Operating Co.

8.875 Insert EQH41R 3,040 70.9 Greene Co., Pa. 2014 Marcellus Rice Drilling B LLC Halliburton DBS

9.000 Bicenter BC75PX 3,789 142.3 Oman 2001 Al Noor PDO Smith Bits

9.250 Hammer C683G 1,110 92.5 Faulkner Co., Ark. 2010 Fayetteville Chesapeake Atlas Copco O&G Drilling

9.375 PDC M50P 3,561 66.5 Webb Co., Texas 2002 El Gato Chevron Smith Bits

9.625 Milled Tooth SDS 4,819 224.1 Zulia, Venezuela 1984 Bachaquero Lagoven Smith Bits

9.750 Natural Diamond K705TBPXC 1,838 9.6 Jackson Parish, La. 2006 Wildcat Devon Smith Bits

9.875 Bicenter CSDR4219S 2,763 396.4 Colombia 2009 Infantas OXY National Oilwell Varco

9.875 Hybrid SVP619 2,064 120.0 Alberta, Canada 2013 Wild Hay Shell Shear Bits

10.500 PDC S91HPX 2,199 733.0 Gulf of Thailand 2007 Tantawan Chevron Offshore Thailand Ltd. Smith Bits

10.625 Hybrid SDP616 748 83.0 Alberta, Canada 2014 Swan Hills Caiterra Shear Bits

10.750 Milled Tooth QHC2RC 1,985 128.1 Alberta, Canada 2011 Unnamed Husky Oil Operations Halliburton DBS

10.875 Hammer Q10R4XH- 1,551 156.7 Tioga Co., Pa. 2014 Marcellus Shell Energy Atlas Copco O&G Drilling

G12XXXGPX

10.875 Insert 7JA 923 42.9 Jefferson Parish, La. 1984 Unnamed Snyder Bros. Smith Bits

11.000 Hybrid SVP516 1,306 145 Alberta, Canada 2014 Pouce Coupe Birchcliff Energy Shear Bits

11.000 Insert F47A 1,055 191.8 Holmes Co., Ohio 1993 Unnamed Buckeye Oil Smith Bits

11.250 Bicenter CSD133 4,549 101.3 Gulf of Mexico 2000 Green Canyon 158Shell National Oilwell Varco

12.000 Natural Diamond IQ616D 391 5.2 Saudi Arabia 2012 Unnamed Saudi Aramco Halliburton DBS

12.125 PDC FS2563Z 1,459 165.8 Casanare, Colombia 2013 Tarotaro Geopark Halliburton DBS

12.250 Hammer Q12R4HXXXGPX 1,678 279.7 Carroll Co., Ohio 2014 Utica Chesapeake Energy Atlas Copco O&G Drilling

12.250 Natural Diamond IQ516D 302 9.2 St. Mary Parish, La. 1997 NE Franklin Bass Smith Bits

12.250 PDC RS619DGU 2,121 606.0 Dunn Co., N.D. 2014 Bailey Marathon Oil Varel International

12.375 Insert EQH40D2R 1,518 126.5 Greene Co., Pa. 2014 Marcellus EQT Production Halliburton DBS

13.250 BiCenter SB4219S-A1 2,868 99.0 Denmark 2005 Unnamed Maersk National Oilwell Varco
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13.500 PDC HC605S 2,218 492.9 Dickinson, N.D. 2013 Unnamed ConocoPhillips Baker Hughes

13.750 Hybrid SVP616 2,074 202.0 Alberta, Canada 2015 Saxon Encana Corp. Shear Bits

14.000 Milled Tooth DSJ 4,000 210.5 Gulf of Mexico 1969 South Timbalier Chevron Smith Bits

14.125 Bicenter CSD244 1,337 107.0 Offshore Indonesia 2003 Bangau Unocal National Oilwell Varco

14.250 Bicenter DOSRWD 4,309 94.0 Gulf of Mexico 2003 South Timbalier 37 Chevron Baker Hughes

14.500 Insert XT20 1,280 167.9 Offshore Mexico 2010 Sihil Halliburton Halliburton DBS

14.500 Milled Tooth DSJ 3,000 117.6 Terrebonne Parish, La. 1983 Dularge K&B Exploration Smith Bits

14.500 PDC RSX616S 5,974 217.6 Campeche, Mexico 2009 Cantarell Pemex National Oilwell Varco

14.750 Hammer C623G 1,715 228.7 Faulkner Co., Ark. 2009 Fayetteville Chesapeake Energy Atlas Copco O&G Drilling

14.750 Hybrid SVP619 719 240.0 Alberta, Canada 2013 Cadotte Shell Shear Bits

15.000 Bicenter SC19HBC 2,671 71.2 Gulf of Mexico 1995 Garden Banks Shell Offshore National Oilwell Varco

15.500 PDC FX56 1,230 214.0 Ural District, Russia 2013 Vostochnotarkos Novatech Tarkosale-Neftegaz Halliburton DBS

16.000 Bicenter BC75PX 1,614 293.5 Offshore Brunei 2000 Champion West Brunei Shell Petroleum Smith Bits

16.000 Hybrid SVP619 620 82.7 Alberta, Canada 2014 Cadotte Shell Shear Bits

16.250 Milled Tooth MSDSSHC 1,750 71.0 Gulf of Mexico 2000 Mississippi Shell Deepwater Smith Bits

Canyon 899

16.875 PDC DSX69 2,792 558.4 Syria 2005 Omar AFPC National Oilwell Varco

17.000 Bicenter CSD144M 4,367 126.2 Gulf of Mexico 2001 Keathley Spirit Energy 76 National Oilwell Varco

Canyon 774

17.250 Milled Tooth SDS 1,618 93.8 Beaver Co., Okla. 1984 Cates H&L Operating Smith Bits

17.500 Hammer C824G1 1,003 250.8 Greene Co., Pa. 2013 Marcellus EQT Production Atlas Copco O&G Drilling

18.000 PDC SP43M 5,227 43.0 Gulf of Mexico 2002 Spa, Walker Conoco National Oilwell Varco

Ridge 285

18.125 Milled Tooth XR+C 3,182 159.1 Amazon - (BM-FZA-1) 2004 Algodoal BP Smith Bits

18.250 PDC FMF3663Z 3,757 138.1 Offshore Mexico 2008 Unnamed Halliburton Halliburton DBS

18.500 Hammer H42S2R3PD 1,002 19.6 Webster Co., W.Va. 2000 Cleveland Columbia Nat'l Resources Smith Bits

18.750 Bicenter QDS91PX 1,142 40.1 U.K. North Sea 2001 Penguin, Shell UK Smith Bits

Block 211/14

19.250 Milled Tooth XR+ 187 29.5 Azerbaijan 2012 Garadagh Socar Smith Bits

19.500 Bicenter DOSRWD 1,575 57.0 Gulf of Mexico 2002 Atwater Valley 63 Chevron Baker Hughes

20.000 Bicenter CSD066 2,308 213.7 U.K. Offshore 2002 Judy Phillips National Oilwell Varco

20.500 Bicenter CSD044 2,905 88.6 Gulf of Mexico 2003 Atwater Valley 63 Unocal National Oilwell Varco

20.750 Milled Tooth XR+C 1,857 34.5 Balikpapan, Indonesia 2010 Trekulu Total E&P Indonésie Smith Bits

21.000 Milled Tooth R-1 1,018 96.9 Gulf of Mexico 2000 Henderson, Flores & Rucks Baker Hughes

Block 119

22.000 Bicenter CSD044 1,956 210.3 Gulf of Mexico 2003 Green Dominion E&P National Oilwell Varco

Canyon 380

22.000 Hammer C624G1 1,036 49.3 Greene Co., Pa. 2015 Marcellus Rice Energy Atlas Copco O&G Drilling

22.375 Insert GS12B 1,305 40.5 Qatar 2007 North Field QG 3&4 Smith Bits

22.500 Insert GSI06UBVE 2,733 61.0 Sakhalin, Sea of Okhotsk 2012 Lunskoye Sakhalin Energy Investment Co. Smith Bits

22.750 Insert GSI06UNBVE 2,277 39.9 Sakhalin, Sea of Okhotsk 2011 Lunskoye Sakhalin Energy Investment Co. Smith Bits

23.000 Milled Tooth MSDGHC 2,419 366.5 Sarawak, Malaysia 2007 B11 Sarawak Shell Berhad Smith Bits

23.500 Insert T41 2,763 55.7 Qatar offshore 2005 North Field Dolphin Energy National Oilwell Varco

23.500 Milled Tooth DSJC 1,657 163.6 U.K. North Sea 2001 Dunbar TotalFinaElf Smith Bits

24.000 Hammer C824G1 301 52.8 Morgan Co., Ohio 2014 Utica PDC Energy Atlas Copco O&G Drilling

24.000 Milled Tooth XR+CPS 1,697 404.0 Deepwater, Southeast Asia 2008 Gumusat Kakap Sabah Shell Petroleum Smith Bits

25.000 PDC DSR416S-B3 1,899 542.5 Gulf of Thailand 2007 Lanta Chevron National Oilwell Varco

26.000 Hammer C824G1 204 45.3 Allegheny Co., Pa. 2014 Marcellus EQT Production Atlas Copco O&G Drilling

26.000 PDC QD509S 4,208 226.0 Offshore Australia 2010 Unnamed Woodside Energy Baker Hughes

26.500 Milled Tooth DSJC 1,224 87.4 Gulf of Mexico 1990 Matagorda Island Amoco Smith Bits

27.000 Milled Tooth XR+C 927 16.8 Saudi Arabia 2006 Manifa Saudi Aramco Smith Bits

28.000 Hybrid KM634X 4,226 35.0 Offshore Brazil 2013 Unnamed Repsol Baker Hughes

29.000 Milled Tooth MSDGH 2,395 71.7 Offshore Nigeria 2002 EA Shell Smith Bits

30.000 Insert VG-03M 938 112.0 Offshore Australia 2013 Unnamed Shell Development (Australia) Baker Hughes

32.000 Milled Tooth SS1LRGSP 1,181 62.2 Offshore Norway 2002 Valhall BP Ulterra Drilling

Technologies

33.000 Milled Tooth MSDSSVEJ3C 689 57.4 Balikpapan, Indonesia 2010 Trekulu Total E&P Indonésie Smith Bits

34.000 Milled Tooth L3A 449 33.3 Saudi Arabia 2010 HRDH Saudi Aramco Varel International

36.000 Milled Tooth XR+ 620 119.7 Tabasco, Mexico 2013 Kuil Pemex Smith Bits

44.000 Milled Tooth L111 165 55.0 Saudi Arabia 2012 HSBH Saudi Aramco Varel International

45.000 Milled Tooth L111 289 22.6 Offshore Denmark 2015 South Arne Hess Operating Varel International
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2.750 PDC STR324XLDG2K 2,686 12 North Slope, Alaska 1998 PBU Arco Alaska Baker Hughes

2.875 PDC STR324XLDG3 2,206 8 Texas 2000 Multiple Patina/HS Resources Baker Hughes

3.000 Bicenter QDMI4209LQBPX 5,997 7 North Slope, Alaska 2008 Multiple Multiple Smith Bits

3.125 Bicenter SR933 2,423 6 Weld Co., Colo. 2000 Multiple HS Resources/Patina National Oilwell Varco

3.250 Bicenter SRF3408M-A1-Z 6,554 6 North Slope, Alaska 2012 Kuparuk ConocoPhillips National Oilwell Varco

3.375 Natural Diamond K505BPX 528 4 Hassi Messoud, Algeria 2006 Multiple Multiple Smith Bits

3.500 Insert MA15 360 2 Offshore Denmark 1994 Kraka Maersk Smith Bits

3.500 PDC M09 2,158 2 U.K. North Sea 2002 Multiple Multiple Smith Bits

3.625 Natural Diamond K705TBPXC 826 2 Saudi Arabia 2008 Multiple Multiple Smith Bits

4.500 Natural Diamond D53BH 1,779 3 Gulf Coast, Texas/Louisiana 2006 Multiple Multiple Smith Bits

4.500 PDC M609LNUPX 8,188 4 Natrona Co., Pa 2013 Wildcats Multiple Smith Bits

4.625 Milled Tooth OFM 402 2 Jim Wells Co., Texas 1989 Ben Bolt Coastal Management Smith Bits

4.750 Insert XR15 18,858 8 Greene Co., Pa. 2008 Multiple Multiple Smith Bits

4.875 PDC M513LYPX 8,727 7 Russia 2010 Multiple Multiple Smith Bits

5.625 Bicenter SR333 17,008 10 Webb/Zapata counties, Texas 2000 Multiple Conoco National Oilwell Varco

5.625 Milled Tooth XR+ 1,269 3 Kazakhstan 2013 Multiple Multiple Smith Bits

5.625 Natural Diamond K503TBPXC 1,282 2 Vermilion Parish, La. 2007 Multiple Multiple Smith Bits

5.750 BiCenter QDS3209YQPX 2,486 3 Russia 2006 Multiple Multiple Smith Bits

5.750 PDC MI516LWBPX 11,095 4 Yamalo-Nenetskiy, Russia 2013 Multiple Multiple Smith Bits

5.875 Milled Tooth HP12 6,107 2 UAE 2006 Sajaa Amoco National Oilwell Varco

6.125 Hammer H43R6R2PD 7,630 8 Pecos Co., Texas 2006 Pinion Multiple Smith Bits

6.125 Natural Diamond K505TBPXXC 9,140 4 Alberta, Canada 2008 Multiple Multiple Smith Bits

6.250 PDC M75QPX 358,307 166 Alberta, Canada 2003 Multiple Various Smith Bits

6.375 Hammer H1008D 10,200 2 West Virginia 2008 Multiple Multiple Smith Bits

6.375 PDC M80BPX 3,730 2 Offshore Brunei 1999 Champion Brunei Shell Smith Bits

6.500 Bicenter STRWD444 11,703 5 Gulf of Mexico 2001 Main Pass, Shell, Chevron Baker Hughes

South Marsh Island

7.375 Natural Diamond 901 2,029 3 Louisiana 1990 High Island Arco National Oilwell Varco

7.500 Bicenter SR444 13,274 2 Gulf of Mexico 1999 West Delta #117 W&T Offshore National Oilwell Varco

7.500 Insert F5W 664 2 Krasnoyarskiy, Russia 2011 Multiple Multiple Smith Bits

7.500 PDC MSI716LWUBPX 2,854 4 Korny, Russia 2014 Multiple Multiple Smith Bits

7.625 Insert 7JA 3,175 2 Pennsylvania 1990 Janella PC Exploration/Victory Smith Bits

7.875 Insert XL-40A 16,720 4 Crockett Co., Texas 2003 Multiple Harrison Interests Baker Hughes

7.875 PDC FM2555 263,876 39 Weld Co., Colo. 2003 Denver Kerr-McGee Halliburton DBS

Julesberg Basin

8.000 Bicenter SR344 2,493 2 Lavaca Co., Texas 1998 Speaks/Jefferies Costilla/Coastal National Oilwell Varco

8.750 Milled Tooth MX-CS1 16,728 9 Alberta, Canada 2000 Lindbergh Petrovera Resources National Oilwell Varco

8.750 Natural Diamond K705NQTBPXC 3,319 2 Arnett, Okla. 2011 Multiple Multiple Smith Bits

8.750 PDC HC606 107,814 28 Argentina 2002 C. Dura, Perales, Several Baker Hughes

V. Hermoso

8.875 Hammer H43R8R3 23,087 22 Lewis Co., W.Va. 2005 Camden/ Dominion Smith Bits

Freeman Creek

9.000 Milled Tooth FDS+CPS 6,978 4 Alberta, Canada 2004 Multiple Multiple Smith Bits

9.250 Insert GF10BV 3,810 2 Kuwait 2014 Multiple Multiple Smith Bits

9.500 Bicenter E1189 19,968 4 Ecuador 2011 Casabe Multiple National Oilwell Varco

9.750 Hammer H1509D 4,642 2 Faulkner Co., Ark. 2009 Multiple Multiple Smith Bits

9.875 Hybrid SVP619 3,091 2 Alberta, Canada 2013 Wild Hay Shell Shear Bits

9.875 Milled Tooth FGXIC 15,465 6 Australia 2004 Multiple Multiple Smith Bits

10.250 PDC MDSI716TBPXCI 12,152 6 Gulf of Mexico 2009 Multiple Multiple Smith Bits

10.375 PDC M519HBPX 1,000 6 Monagas, Venezuela 2013 Multiple Multiple Smith Bits

10.500 PDC S519HPX 6,603 4 Thailand 2013 Multiple Multiple Smith Bits

10.625 Bicenter CSD244 7,251 4 Indonesia 2000 Multiple Unocal National Oilwell Varco

10.625 Hybrid SDP616 2,418 4 Alberta, Canada 2014 Multiple Multiple Shear Bits

10.625 PDC DSX103 41,230 10 Texas 2005 Carthage XTO National Oilwell Varco

10.750 Bicenter QDG5219 18,942 5 Kern Co., Calif. 2014 Multiple Multiple Smith Bits

10.750 Milled Tooth QHC2RC 4,628 2 Alberta, Canada 2011 Multiple Husky Oil Operations Halliburton DBS

11.000 Hammer H55R2 10,103 17 Barbour Co., W. Va. 1990 Multiple Multiple Smith Bits

11.000 Hybrid PVP616 11,575 6 Alberta, Canada 2014 Pouce Coupe Birchcliff Energy Shear Bits

11.625 Milled Tooth XR+CPS 9,452 6 Kazakhstan 2010 Multiple Multiple Smith Bits

11.750 PDC VS516 10,141 3 Khanty-Mansiyskiy, Russia 2012 Multiple Multiple Smith Bits

12.000 Bicenter DOSRWD 4,856 2 Gulf of Mexico 2001 Green Canyon Shell E&P Co. Baker Hughes

12.250 Bicenter QDR54PX 17,863 9 Mexico 2007 Multiple Multiple Smith Bits
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12.250 Hammer H42S2R3 12,794 4 Terrell Co., Texas 1996 Brown Bassett Arco/Shell Smith Bits

12.250 Hybrid SVP616 19,808 17 Canada 2014 Multiple Multiple Shear Bits

13.500 PDC S519VPX 65,201 36 Gulf Coast, Texas 2010 Multiple Multiple Smith Bits

13.625 Hammer H45M2 3,942 5 Northern Territory, Australia 1995 Multiple Multiple Smith Bits

13.750 Hybrid SVP616 12,117 8 Alberta, Canada 2014 Multiple Multiple Shear Bits

13.750 Milled Tooth XR+ 20,872 29 Weld Co., Colo. 2013 Multiple Multiple Smith Bits

14.000 PDC MDI519BPXC 13,976 7 Malaysia 2011 Multiple Multiple Smith Bits

14.250 Bicenter QDS41PX 5,630 2 Louisiana Offshore Gulf of Mexico 2002 Multiple Multiple Smith Bits

14.500 Hammer H1812D 1,722 2 Cleburne Co., Ark. 2012 Multiple Multiple Smith Bits

14.500 Insert XT20R 10,146 2 Offshore Mexico 2012 Escobal Saxon Halliburton DBS

14.750 Bicenter BC27PX 26,541 8 Argentina 2004 Multiple Multiple Smith Bits

14.750 Hybrid SVP619 6,523 5 Alberta, Canada 2014 Multiple Multiple Shear Bits

15.500 Insert GS10V 6,110 7 Russia 2010 Multiple Multiple Smith Bits

15.500 Milled Tooth XR+V 17,252 28 Khanty-Mansiyskiy, Russia 2013 Multiple Multiple Smith Bits

15.500 PDC SI519HPX 20,278 13 Orenburg, Russia 2014 Multiple Multiple Smith Bits

16.000 Bicenter SHO716BPX 11,085 4 Brunei 2010 Multiple Multiple Smith Bits

16.000 Hybrid SVP619 2,644 3 Canada 2014 Multiple Multiple Shear Bits

16.000 PDC SDI519MHPX 46,932 19 Ecuador 2014 Multiple Multiple Smith Bits

16.375 PDC MDI619HSPX 20,537 4 Gulf of Mexico 2009 Multiple Multiple Smith Bits

16.500 Insert GS03BV 2,798 2 Egypt 2012 Multiple Multiple Smith Bits

16.500 Milled Tooth XR+ 2,243 2 Turkey 2010 Multiple Multiple Smith Bits

17.000 Bicenter CSD144M 8,485 2 Gulf of Mexico 2001 Ponza/Dendara Spirit Energy 76 National Oilwell Varco

17.000 Milled Tooth XR+ 11,326 7 Angola 2014 Multiple Multiple Smith Bits

17.250 Insert 20GMSC 1,657 2 Norway 2006 Multiple Multiple Smith Bits

17.250 PDC MS716LHBPX 5,262 2 Gabon 2014 Multiple Multiple Smith Bits

17.375 Milled Tooth SDGH 211 2 Yemen 2004 Multiple Multiple Smith Bits

17.500 Bicenter CSDO66 23,889 7 Gulf of Mexico 2001 Genesis Chevron National Oilwell Varco

17.500 Hammer H1809D 7,116 7 Wetzel Co., W. Va. 2014 Multiple Multiple Smith Bits

17.500 Milled Tooth MGSSH+ 23,182 14 Malaysia 2004 Multiple Multiple Smith Bits

18.000 PDC MGR89VPX 5,035 2 Gulf of Mexico 2004 Multiple Multiple Smith Bits

18.125 Milled Tooth XR+ 6,096 2 Gulf of Mexico 2012 Multiple Multiple Smith Bits

18.250 Hammer C45 738 2 LeFlore/Latimer Cos., Okla. 2002 West Red Oak BP America Smith Bits

18.500 PDC S83SPX 13,385 8 Campeche, Mexico 2010 Multiple Pemex Smith Bits

19.000 Bicenter QDR89PX 4,045 2 Malaysia 2004 Multiple Multiple Smith Bits

19.250 Milled Tooth DSJ 3,360 7 Yamalo-Nenetskiy, Russia 2014 Multiple Multiple Smith Bits

20.000 Bicenter QDS5219PX 16,455 10 Kern Co., Calif. 2009 Multiple Multiple Smith Bits

20.000 PDC S91VPX 7,372 2 Newfoundland, Canada 1999 Terra Nova Terra Nova Alliance Smith Bits

22.000 Insert GSI12BVEC 8,781 15 Kuwait 2014 Multiple Multiple Smith Bits

22.000 Milled tooth MSDSSHC 11,003 3 Gulf of Mexico 2003 Multiple El Paso Production Smith Bits

22.250 Insert GS12BVE 6,770 4 Qatar 2007 Multiple Multiple Smith Bits

22.500 Insert GSI06UBVE 8,658 6 Sakhalin, Russia 2014 Multiple Multiple Smith Bits

22.750 Milled Tooth SS33GJ4 3,740 2 Norwegian North Sea 2003 Oseberg Norsk Hydro Halliburton DBS

23.000 Bicenter BC91PX 6,902 41 Terengganu, Malaysia 2005 Multiple Multiple Smith Bits

23.500 Milled Tooth DSJC 4,559 5 U.K. North Sea 2001 Dunbar TotalFinaElf Smith Bits

24.000 Insert MG04C 13,774 7 Norwegian North Sea 2002 Troll, Visund Norsk Hydro Smith Bits

26.000 PDC TFR616S 16,973 8 Iraq 2013 Garraf Weatherford/Petronas National Oilwell Varco

27.000 Milled Tooth XR+C 1,681 3 Saudi Arabia 2009 Multiple Multiple Smith Bits

27.500 Milled Tooth DSJ 2,526 2 Malaysia 2011 Multiple Multiple Smith Bits

27.750 Milled Tooth XR+PS 2,822 3 Malaysia 2010 Multiple Multiple Smith Bits

28.000 Insert GS18C 9,386 4 Kuwait 2006 Multiple Multiple Smith Bits

28.000 Milled Tooth MSDGH-7 7,906 7 Campeche, Mexico 2012 Multiple Pemex Smith Bits

28.750 Milled Tooth DGJC 2,360 4 Offshore Norway 1991 Gullfaks B Statoil Smith Bits

30.000 Milled Tooth XR+VE 11,104 14 Gulf of Mexico 2011 Multiple Multiple Smith Bits

31.000 Milled Tooth XR+V 55 3 Gabon 2014 Multiple Multiple Smith Bits

31.625 Milled Tooth XR+VE 686 5 Papua New Guinea 2014 Multiple Multiple Smith Bits

32.000 Milled Tooth MSDSSHVE 1,696 2 Malaysia 2010 Multiple Multiple Smith Bits

32.375 Milled Tooth XR+C 620 3 Vietnam 2009 Multiple Multiple Smith Bits

33.000 Milled Tooth XR+C 2,644 6 Malaysia 2010 Multiple Multiple Smith Bits

34.000 Insert GS03VEJ3C 157 4 Sindh, Pakistan 2014 Multiple Multiple Smith Bits

34.000 Milled Tooth MGGC 2,375 3 Saudi Arabia 2005 Multiple Multiple Smith Bits

36.000 Milled Tooth DSUJ-7 7,325 24 Offshore Brazil 2013 Multiple Multiple Smith Bits

44.000 Milled Tooth L111 480 2 Philippines 2013 Malampaya Shell Philippines Exploration Varel International
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ONSHORE 
FLOW ASSURANCE

A
U.S. Eagle Ford Shale operator experienced down

hole paraffin deposition in recently completed

shale oil wells. The deposition occurred in the tubulars

and in the flowlines. To control deposition, the operator

added to the fracture a proppant-like slow-release parti-

cle onto which a paraffin inhibitor had been adsorbed.

The particle is designed to slowly release the adsorbed

paraffin inhibitor into the bulk oil as it flows through

the propped zone and to inhibit paraffin deposition. 

The prior practice in this field was to complete the

wells and then apply a paraffin treatment and remedia-

tion program as necessary. In the offset wells to which the

solid product was compared, the operator normally saw

paraffin deposition after about three months of produc-

tion. The operator selected 17 wells for completion using

the solid paraffin inhibitor. After 10 months of produc-

tion, the operator has noted no paraffin-related issues. 

An inert, highly adsorbent proppant-sized substrate

that has been treated with a concentrated paraffin

inhibitor is pumped with the proppant during a

hydraulic fracture. The substrate is handled as a prop-

pant. Upon placement in the proppant pack and upon

initial hydrocarbon production, the paraffin inhibitor

slowly desorbs from the substrate into the bulk hydrocar-

bon phase of the produced fluids. As long as this chemi-

cal desorption occurs at a temperature above the wax

appearance temperature (WAT) of the crude oil, the

paraffin is inhibited for the finite life of the treatment.

Benefit of treatment
In all flow assurance programs a cost-to-benefit ratio

exists. Simply put, the cost of preventing flow assurance

problems must be less than the total cost of the problem.

When multiple competitive flow assurance programs are

presented, the operator must select between the most

cost-effective of the various choices. In the case of down-

hole paraffin inhibition, the operators in many areas,

including the Eagle Ford, have three basic choices:

1. Add the solid paraffin inhibitor during the

hydraulic fracture;

2. Treat downhole with a liquid paraffin inhibitor; or

3. Use mechanical and/or thermal treatments as needed

to remove precipitated paraffin from the wellbore.

There is not a hard and fast rule regarding the metrics

used to evaluate the most economic choice. For the sub-

ject wells the operator calculated that if the solid paraf-

fin inhibitor worked for six months, the operational and

economic benefit would exceed the cost of the treat-

ment. At present this threshold has been met and

exceeded with the initial treatments. 

Theory, material and method
Paraffin remains in solution as a function of pressure,

temperature and the presence of lighter hydrocarbons

that act as solvents. When the pressure drops during

Proppant-sized paraffin inhibitor

increases production  
New technology reduces cost for an Eagle Ford Shale operator.

Stephen Szymczak, D.V. Satya Gupta and William

Steiner, SPE; Stephen Bolton, Baker Hughes; and John

Romano, SPE and Matador Resources

FIGURE 1. This image shows a flowline after three months of using

flowline inhibitor. (Source: Baker Hughes)
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production, the temperature drops as a function of the

lowered pressure and the lighter hydrocarbons gasify

under reduced pressures, the entire equilibrium system

of the crude oil changes. One of the results is the shed-

ding of the heavy paraffins that are no longer soluble in

the fluid. The deposited paraffins are then an opera-

tional concern. 

Paraffin inhibitors are molecules designed to kineti-

cally inhibit seed crystallization and mass agglomera-

tion. That is, they forestall the growth and deposition of

paraffin for some period of time. From a practical stand-

point the operator needs enough time for the oil to

move from the wellbore to the surface facilities. The

degree of inhibition depends on the deposition charac-

teristics of a particular crude and the formation charac-

teristics. Finally, the paraffin inhibitor must be present

in an amount sufficient to kinetically inhibit all of the

paraffin molecules that form deposits as thermodynamic

conditions change in the well. 

In the case of the solid paraffin inhibitors, there

must be sufficient inhibitor present in the oil produc-

tion pathway. That is why the material is placed in the

proppant. The proppant pack creates the pathway for

the oil to flow from the formation to the perforations.

As the oil passes through the proppant pack, the paraf-

fin inhibitor on the solid substrate desorbs into the

oil. Almost by definition the temperature at this

point is above the WAT, and therefore the oil is inhib-

ited before the onset of wax crystallization. The

inhibited oil now proceeds to pass through the perfo-

rations, where the greatest pressure and cooling

occurs. Inhibited paraffin stays in solution through

the perforations, into the wellbore, up the tubulars

and into the surface facilities. By initiating inhibition

in the proppant pack, the amount of wax deposition

is minimized to prolong or avoid any remediation or

loss in production.

The solid paraffin inhibitor substrate is added on-the-

fly during the proppant addition stages of the hydraulic

fracture. The stimulation engineer calculates the addi-

tion rate of the proppant and then calculates the rate of

the solid inhibitor. Thus, as the proppant feed rate

ramps up or down, the solid inhibitor tracks that ramp-

ing. This assures an even distribution of the solid

throughout the proppant pack. If the product was

added in a random fashion, there could be pockets of

the proppant pack with a high concentration of

inhibitor. This could affect both fines generation and

the total contact area of the inhibitor material by the

produced crude. 

Once the hydraulic fracture is complete and the well

is put on production, a service technician makes regular

stops at the subject well to collect a sample of the pro-

duced crude oil. Ideally, the operator will identify an off-

set untreated well that can be used as a standard for

comparative purposes. The thinking is that the paraffin

inhibitor should depress the pour point of the crude oil

relative to an untreated sample. Over time this pour

point data produces a trend line. That line should trend

downward to indicate less and less inhibition due to the

consumption of the inhibitor. 

Another measure that was employed was to charac-

terize the well samples by the oil fraction with hydro-

carbon molecules greater than C18. This measure did

not identify any significant difference between the

treated and untreated production. There are ongoing

internal studies to find a dependable manner by which

to measure the remaining treatment life of the solid

substrate. In the field there is also an effort to isolate

crude sampling points for untreated crude to establish

benchmark metrics for the untreated production vs.

treated production.

Once the substrate is determined to have given up all

of the paraffin inhibitor, the operator needs to first

evaluate the extent of the current paraffin production

and, if warranted, implement a traditional paraffin inhi-

bition program. 

In summary, the solid paraffin inhibitor substrate

placed in a proppant pack during the hydraulic fracture

85

FIGURE 2. After three months of using a solid inhibitor, there is no

paraffin buildup. (Source: Baker Hughes)
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process will release sufficient inhibitor into the crude

stream during well production to provide paraffin inhi-

bition for a time sufficient for the operator to recover

the treatment costs and avoid operational and deferred

production costs associated with paraffin remediation.

The length of this treatment life is monitored using a

comparative, indirect method in addition to observing

production system changes that might indicate the onset

of paraffin deposition.

Results

Figures 1 and 2 are photographs showing the interior of

two flowlines from two different wells from the Eagle

Ford lease containing the wells treated with the solid

paraffin inhibitor. They draw the comparison between a

well with paraffin deposition problems and a well that

does not have deposition problems due to an effective

inhibition program. In Figure 1 the operator experi-

enced problems related to paraffin deposition. The pho-

tograph shows the inside of a flowline downstream of

the wellhead. The wax accumulated in the flowline had

also shown up in downhole and surface facilities. The

photo was taken after three months of well production.

It had been fractured. The flowline was treated with a

paraffin inhibitor that did not appear to be effective.

The paraffin problems manifested in this well provided

impetus to look for a flow assurance solution. 

The flowline shown in Figure 2 was opened after

three months of production to see the extent of any

deposition. This well had been fractured using the

solid paraffin inhibitor. As of September 2013 the

well was still producing without indications of paraf-

fin deposition.

At the time of publication the oldest of the 17 wells

fractured using the solid paraffin inhibitor had been

producing paraffin-free for 10 months. In addition to

these wells there are several offset wells that were com-

pleted prior to using the solid paraffin inhibitor. The

operator did experience paraffin-related problems for

those untreated wells. 
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Recently the operator reported it had cut paraffin on

eight offsets (wells not fractured using the solid paraffin

inhibitor). While the wireline unit was in the field, the pro-

duction engineer told the crew to include one of the first

wells that had been fractured with the solid paraffin

inhibitor. The wireline operator reported there was no

paraffin in the tubing when he placed his cutter in the well. 

Discussion

The development of flow assurance technologies is a nat-

ural outgrowth and response to the challenges presented

in the production of oil and gas. The combination of fac-

tors that lead to flow assurance problems is large. Pres-

sure and temperature changes, combined with the crude

characteristics, determine the amount and location of

paraffin deposition. When paraffin deposits it tends to

constrict flowlines and tubulars. This shows up in reduced

flow and increased back pressure. At some point the

problem calls for remediation. The cost associated with

remediation and deferred production is the financial

driver that leads operators to look for alternative methods

to control the total paraffin handling costs. The solid

paraffin inhibitor substrate highlighted in this paper has

been applied in more than 2,000 wells, primarily in the

U.S. and Canada. In all cases the operators have either

reported satisfaction or are waiting for a longer time

period to pass before making the final evaluation. This

technology is limited to wells that are hydraulically frac-

tured. The product addition rate is limited based on an

evaluation of the conductivity impact. However, for wells

that fit the application criteria it is a technology that has

reduced overall production costs by reducing both

workover costs and the cost of deferred production.
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DEEPWATER 

UMBILICALS

O
ne of the greatest areas of growth in the global oil

and gas industry is within the subsea sector, yet the

continuing drive to access reserves in ever deeper and

more inaccessible locations creates significant challenges.

Even the term “deep” has taken on a different mean-

ing as the industry has developed. Forty years ago we

may have considered “deep” to be 153 m (500 ft) or so

of water. Today it is not uncommon for activities to be

undertaken at depths of up to 3,000 m (10,000 ft) in

high temperatures and pressures of up to 20,000 psi. In

the not-too-distant future we will see depths of 4,000 m

(13,123 ft) and 5,000 m (16,404 ft) reached.

What’s next in umbilicals?
The pressure challenge in deepwater wells relates to

both external and internal pressure. At greater depths,

external pressure increases one atmosphere for every 10

m (33 ft) of water depth. For example, at a depth of

5,000 m the pressure will be 500 times greater than the

pressure at sea level, meaning that the mechanical

strength of equipment deployed at such depths has to

display a greater robustness than those used in more

benign environments.

In an effort to access ever more remote locations, it is

natural that the industry will consider greater step-outs

from shore and longer tiebacks, in some cases stretching

up to 274 km (170 miles), creating significant obstacles

for the industry to overcome.

As the “nerve system” of any subsea oil and gas assem-

bly, umbilical tubing is a mission-critical part of produc-

tion, connecting hydraulics and electrical components

from offshore platforms or floating production systems

to the equipment below. Future trends to develop

deeper wells in more remote locations while at the

same time providing a safe environment present an

increasing array of challenges in this sector and to the

industry as a whole.

Since umbilicals are either floating (dynamic) or posi-

tioned on the ocean bed at great depths, the industry is

continually exploring ways to optimize their design. The

focus is constantly toward safer, smaller, more compact

products that are lighter and corrosion-resistant with

reduced risk of wall collapse, no migration of fluids,

good protection of cables and no changes in hydraulic

response times and flow resistance over many years.

Safety first
The first consideration when working in any aspect of

the oil and gas industry is always safety. This goes from

“working safe” to other safety issues as the oil majors

explore and drill in deeper and more remote environ-

ments with extreme temperatures, including Arctic cold,

hot wells, etc. Failures or accidents are unthinkable, so

every effort is made to make sure products are safe and

fit for purpose.

In considering the development of an umbilical, three

key factors must be taken into account. Today’s umbili-

cals must be stronger and lighter to handle the signifi-

cantly higher pressures and forces found at greater

depths. The advance toward widespread subsea process-

ing means umbilicals have to be compatible with and

effectively connect to subsea processing units that

include electrical and fiber-optic elements. Finally, they

must be suitable for linking longer subsea tiebacks.

Helping you get there 
Umbilicals have to handle modern-day pressures. 

John Tokaruk, Sandvik Materials Technology

Umbilicals are critical to the safe and continued operation

of electric and hydraulic subsea components through 

their connection with surface facilities. 

(Source: Sandvik Materials Technology)
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Such longer tiebacks demand greater umbili-

cal lengths, larger weights and larger production

volumes. For example, the company was commis-

sioned to provide 855 km (531 miles) of umbili-

cal tube to secure the safe and reliable control of

21 wellheads at depths of 250 m to 345 m (820 ft

to 1,132 ft) on the Snøhvit oil and gas project in

the Barents Sea. 

Snøhvit is the first major development on the

Norwegian Continental Shelf without a fixed or

floating unit. Instead, a subsea production sys-

tem on the seabed feeds a land-based plant on

the northwest coast of Melkøya at the entrance

to the shipping channel into Hammerfest. Out-

put is transported to land through a 143-km (89-

mile) long subsea gas pipeline.

It was important that the stainless steel mate-

rial used in the umbilicals maintained high

mechanical strength even in subzero tempera-

tures, which the customer also wanted to protect in

trawlable waters. The umbilical design had a total

delivery weight of 4,000 tons, a max unit weight of 135

kg/m (41 kg/ft) and an outer diameter of 8.4 in. 

Fatigue strength also is extremely important. The spi-

rally wound tubes in the PVC matrix slide freely and

must handle wear, crush and axial compression to safe-

guard the hydraulic and service fluids, especially for

dynamic umbilicals connecting to FPSO vessels.

Sandvik SAF 2507 super-duplex coiled umbilical tub-

ing has become established as an industry standard in

umbilical tube, with more than 100,000 km (62,137

miles) installed globally. Its high mechanical strength

makes it suitable for high-pressure applications, and

minimal welding is required. Its thin tube walls enable

lighter construction while it is corrosion- and hydrogen-

induced-stress-cracking-resistant.

There is a growing need in the industry for safer,

stronger, lighter, corrosion-resistant materials to opti-

mize the design of next-generation deepwater umbili-

cals with easy fabrication and efficient installation in

longer tiebacks.

Stronger solution
As part of the advance in the development of umbilicals

technology, the company has developed the new high-

alloy Sandvik SAF 3207 hyper duplex stainless steel,

able to provide a 20% to 25% increase in yield strength

compared to super duplex. The enhanced strength

enables the coiling of tubes into smaller reels with

longer umbilical lengths, making more efficient use of

installation vessels.

Thinner walls and lighter installations also help in

accessing and operating ultradeep wells, which were pre-

viously too costly or complex to exploit.

The benefits of the hyper duplex stainless steel are

numerous but include excellent resistance to pitting,

crevice corrosion and stress corrosion cracking in hydro-

gen sulphide- and chloride-containing environments; a

high resistance to general corrosion in acidic and caus-

tic environments; excellent resistance to erosion corro-

sion and corrosion fatigue; exceptionally high

mechanical and fatigue strength; and good weldability.

With a minimum pitting resistance equivalent value of 50,

excellent strength and pitting and corrosion resistance, the

Sandvik SAF 3207 has huge potential to enable the industry

to tackle increasingly challenging deepwater projects.

Maintaining momentum
The continued evolution in technological advancements

within the oil and gas industry as a whole and the subsea

industry in particular will mean that the capabilities of

umbilical tubing will forever be challenged and the

umbilicals sector will be constantly called on to question

the performance of its products at increasing pressures

and temperatures.

The focus for the sector, however, should not just be

to match the current ambitions and expectations of

operators in the creation of systems to assist in the

extraction of more oil from increasingly difficult loca-

tions but to stay ahead of them. Working with compa-

nies to identify future trends and their potential impact

on umbilical development will help the industry as a

whole maintain its current momentum. 

Nondestructive testing of the seamless umbilical tube occurs in Sandvik’s

Chomutov, Czech Republic, facility prior to the reeling. (Source: Sandvik

Materials Technology)
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U
mbilical designs for deepwater are complicated and

present a number of challenges that must be consid-

ered during early design stages. If not correctly taken into

account, they can cause problems and limitations during

installation and in service. The trend of incorporating

more functional components into the design leads to

heavier umbilicals and, coupled with greater water

depths, results in much higher topside hang-off loads.

This drives umbilical designers to further understand the

behavior and limits of their products. 

Material change
The need for lightweight components and stronger

materials increases as umbilicals continue to go deeper

and topside weights increase. To help reduce the top-

side tension, Technip Umbilicals developed aluminum

power cables that reduce the weight of umbilicals, result-

ing in greater water depth capability. The cables provide

higher strength and fatigue life compared to traditional

copper cables, improving service life capabilities of

deepwater umbilicals. To complement the technology,

high-strength strain members also have been developed.

These strength members reduce strain on the product

at the topside hang-off by increasing axial stiffness and

further reduce risk for the product.

Installation issues
Umbilicals are typically installed via a caterpillar ten-

sioner system that exerts a radial squeeze load to the

outer sheath of the umbilical. A friction interface

between the installation equipment and umbilical gen-

erates a holdback tension that reacts to the topside ten-

sion of the umbilical hanging below the installation

vessel. Internal friction between the individual compo-

nents of the umbilical ensures that the holdback tension

is transferred from the outer sheath to the vital load-

bearing members, typically steel tubes or high-strength

members. It is critical that the holdback tension is suffi-

ciently greater than the hang-off load and that the load

is efficiently shared across components to ensure safe

and risk-free installation. The key factors that govern

successful installation are crush capacity of the umbilical

structure and frictional load transfer.

Umbilicals are a composite mixture of components

helically laid in counter rotating layers with multiple

interactions between components. If the structural

behavior is not fully understood, issues can occur during

installation. If the crush resistance of the umbilical is

conservatively underestimated, this could lead to a

lower-than-required crush force being specified, result-

Taking umbilicals deeper 
Material changes, computer modeling help the design and installation 

of umbilicals for deepwater evolve. 

Ian Probyn and Steven Frazer, Technip Umbilicals
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The strengthened aluminum cable deepwater umbilical is

lighter in weight and provides greater water depth capability.

(Source: Technip Umbilicals)
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ing in added costs for larger installation equipment and

vessels. Conversely, if the allowable crush load is

increased without fully understanding the limits, it can

result in damage to the functional components such as

ovalization or squashing of tubes. If all issues have not

been taken into account, the umbilical may have compli-

cations when in service that affect its fatigue, utilization

and service life.

Safe installation
When designing the umbilical, it is important to calcu-

late the crush capacity of the cross section. Current

industry methods include physical testing of prototype

samples, mathematical modeling and 2-D analysis. How-

ever, these methods are overly conservative and can

introduce risks due to assumptions and unknowns that

generally underestimate crush capacity. The company

has developed a finite element analysis (FEA) method

using 3-D modeling that accurately captures the struc-

tural behavior of umbilicals during installation. The

models have been validated against component level

and full-scale umbilical tests to prove the correlation

between model and reality. 

A proprietary software tool, FEMUS, uses a technical

cross-section design database to automatically build the

FEA model using proven techniques. This process pro-

vides a fast and accurate 3-D model ensuring that the

crush analysis pinpoints any weak areas of the design

and provides a knowledgeable view of the needed

installation process. Allowing interrogation and opti-

mization of the umbilical design while ensuring the

crush capacity is tailored for specific installation gives

the installer increased confidence, reduced risk and

cost savings by identifying potential issues early in

the design stage. 

Overall, using the 3-D software

ensures that the company

gains a greater insight

into the behavior of

umbilicals, creating an

advantage for its design

and manufacturing

processes by producing

designs that are robust

and ease installation.

Other 3-D modeling meth-

ods are currently used within

the industry; however, FEMUS is

unique in its ability to model the

radial crush behavior. 

The company has also applied its 3-D modeling tool

from umbilical analysis to installation equipment analy-

sis. Using the same approach, the method directly repli-

cates the installation equipment by building a model

based on the design and interrogates the installation

equipment setup. The installer is advised of the best

installation scenario, creating greater confidence in the

installation process, reducing potential risks and mini-

mizing cost by eliminating physical testing and late

changes to installation equipment. 

Frictional transfer 
In addition to analysis of installation equipment, under-

standing the frictional transfer of load through the

umbilical is needed for a safe installation. Some umbili-

cal designs contain large-bore center tubes, which can

provide up to 70% of the tensile strength. During instal-

lation, it is imperative that this key component is

securely gripped by the frictional load generated by the

surrounding components. 

From full-scale testing, the weakest friction interface

was found to be between the outer circumference of the

steel tube bundle and the inner surface of the outer

sheath. If slip occurred at this interface, the outer

sheath would remain gripped by the installation equip-

ment, but the bundle of components would pass

through, resulting in a tear of the sheath at the exit of

the caterpillar.

The layers have been removed in this 

simulation of a crush installation of a dynamic 

steel tube deepwater umbilical using four caterpillar 

tracks to reveal the components through the helical umbilical 

section. The helix and counter helix composition of the struc-

ture can be seen. The colors represent stress variations on the

components as the umbilical is crushed. (Source: Technip

Umbilicals)
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The company has developed a patented high-fric-

tion tape called Compressi-Grip that increases by up

to double the installation friction between the bundle

of components and the outer sheath. Compressi-Grip

locks together the bundle and outer sheath, and due

to the increased friction, the factor of safety during

installation can be increased, or a smaller installation

vessel can potentially be used, resulting in reduced

cost. Friction levels return to normal levels once the

umbilical is released, maintaining fatigue and bend-

ing performance. 

Strain reduction

To reduce the strain experienced by functional compo-

nents in a deepwater umbilical, the stiffness needs to be

increased or weight-reduced. The company has qualified

use of high-strength steel members that can be incorpo-

rated into umbilical structures. However, if the steel

strength member is used along the entire length of the

umbilical, it can add strength and mass where not

required. To extract the maximum benefit, the company

has developed a special joint that allows the steel

strength member to transition to a lightweight, cost-

effective polymer filler as the umbilical extends down

the water column. This enables the dynamic configura-

tion to be optimized with added strength at the topside

hang-off where it is needed, then transition to a lighter

structure with polymer fillers as the umbilical goes

deeper, reducing weight.

Once the umbilical has been installed and is in serv-

ice, these new analysis techniques and products enable

greater water depths to be reached, reduce risk and

unknowns during the installation process and optimize

in-service loads and life of the structure. Overall, these

technologies improve deepwater umbilicals by evolving

the products to adapt to future industry needs. The

developed engineering analysis tools provide structural

behavior, creating greater confidence and knowledge in

the overall product design and service and helping

Technip Umbilicals take umbilicals deeper. 
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UNCONVENTIONALS:

MIDCONTINENT

W
hen Wade Hutchings, Marathon Oil’s regional vice

president of Midcontinent assets, joined the Okla-

homa division two years ago, he questioned his team,

“Do we really know the edges of the viable Woodford

formation in the Stack or the SCOOP plays?”

While certain edges have been defined for each of

these two central Oklahoma oil and wet gas targets over

the past several years, “I would contend there are areas

where we still don’t know the viable Woodford play.

Although we know where today’s sweet spot is, I remain

confident we will continue to grow the size and scale of

these plays,” Hutchings told attendees at Hart Energy’s

DUG Midcontinent conference in late February.

The stacked nature of the South Central Oklahoma

Oil Play (SCOOP) and Stack plays is becoming an

increasingly valuable forward driver for Marathon

Oil—active for more than 100 years in Oklahoma—

and its operated and nonoperated positions, he said.

The company holds some 175,000 acres prospective

for the Woodford Shale, its primary target, and at least

63% of those acres have a stacked unconventional target

sitting above them. “The stacked nature of these plays

will provide numerous advantages to future play devel-

opment and competitiveness,” Hutchings said.

Most prominently, the Springer Shale is prospective in

the SCOOP region and the Meramec Shale in the Stack.

“We remain optimistic that several of our newer plays,

the Meramec Shale and the Springer Shale, are emerg-

ing as viable economic targets and will become a more

important part of our unconventional production

growth in the years to come,” he said.

SCOOP complexities
Structural complexities in the SCOOP area can be con-

siderable, Hutchings said, particularly in the northern

portion of the Ardmore Basin that Marathon and others

have recently targeted for Woodford production. A

series of faults, sinklines and anticlines places the Wood-

ford target at materially different depths and dips.

“Our ability to leverage 3-D seismic, the continued

reprocessing of that seismic and integrating it with other

subsurface information has been critical to successfully

drill and complete the 12 wells in that area in the last

year and a half,” Hutchings said.

All of the company-operated wells drilled in the north-

ern Ardmore Basin part of SCOOP were 1,525-m (5,000-ft)

laterals; six wells in the southern region ranged between

2,285 m and 3,050 (7,500 ft and 10,000 ft) in length.

“Where feasible, we continue to see a material eco-

nomic uplift with extended laterals in many of these

plays we’re targeting in Oklahoma,” Hutchings said. “We

continue to drive higher per-well productivity in our

operated SCOOP wells,” a 46% return on 30-day IPs

year over year through 2014. Thirty-day IPs averaged

above 1,000 boe/d for 2014.

“We’re now ready to move into development phase in

the Woodford SCOOP and begin to test additional lay-

ers with the drillbit,” Hutchings said.

The company has been analyzing the Springer Shale

SCOOP, Stack plays attract attention
Springer Shale potential intrigues Midcontinent operators.

Staff Report

Wade Hutchings, Marathon Oil’s regional vice president of Mid-

continent assets, told DUG Midcontinent attendees that the

stacked nature of the SCOOP and Stack plays will provide advan-

tages to future play development. (Photo by Heather Heindel)
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for two years and plans to drill up to two operated
wells—its first—in 2015.

Stack region
Moving north, the Stack region is starting to compete
for capital in both drilling and leasing dollars as well, he
said. “We continue to find ways to increase per-well pro-
ductivity and to drill those wells cheaper and cheaper.”

Marathon made “material advances last year” in
understanding the Meramec potential in its own wells
and in partner wells. “It’s critical to drive further capital
efficiency. As we compare well-cost improvements across
all the plays we track, we have a lot higher potential for
further improvements in the Oklahoma basins than any-
where else in our company’s portfolio,” he said.

Although the sweet spot today is in the rich-gas con-
densate window, he said, “I think we will find more and
more of the SCOOP and Stack plays that are viable than
we think today.”

Springer excitement
In the midst of 1,000-plus-bbl Woodford and Meramec
well IPs in Oklahoma’s SCOOP and Stack plays, Springer
shale potential is continuing to fascinate producers.

Newfield Exploration Co.’s Jarred 1-16H in Springer
has an IP of 1,950 boe and had a 30-day average of 1,220

boe/d, 81% oil. Pat McCelvey, Newfield
general manager, Midcontinent, said the
company’s SCOOP, in which Springer is
tucked, and its Stack are economic for
Newfield at current oil prices. Newfield,
which also operates in the Williston,
Uinta and Arkoma basins, plans to spend
70% of its $1.2 billion 2015 capex
budget on SCOOP and Stack.

As for Springer in particular, McCelvey
told conference attendees, “We see it as
a great addition to the SCOOP play…
We’re excited about that.”

Breakeven prices
Brandon Mikael, a U.S. Lower 48
upstream analyst for Wood Mackenzie,
told attendees that, within SCOOP to
date, “your best Springer wells are not in
the same place as your best Woodford
wells.” Also, while “this is some of the
best rock to drill in the Lower 48,” the
areal extent is within a window smaller
than the overall SCOOP-Woodford win-
dow. “It has limited running room,” he

said. Even the core of the SCOOP play itself “has world-
class rocks but just not much of them,” he said.

However, Wood Mackenzie reported earlier in Febru-
ary, based on Mikael’s findings, that SCOOP-Springer
economics break even at $41 WTI, SCOOP-Woodford at
$47, Bakken (Sanish and Parshall fields) at $45 and
Eagle Ford (Karnes Trough) at $48.

“[SCOOP is] still one of the most exciting growth areas
in the Lower 48 because of the stacked-pay potential,”
Mikael said. He expects the Anadarko Basin’s SCOOP,
Stack and Cana-Woodford production to exceed 1
MMboe/d by 2020, with about a fourth of that being oil
and condensate. The estimate includes factoring for 60
rigs drilling these this year, down from 92 in 2014.

Newfield chairman, president and CEO Lee Boothby
said in an earnings call that “there is attractive acreage
out there, and there are people that control acreage that
we view as attractive. [If] the market conditions and the
timing are right, we’d like to add them to the portfolio.” 

Newfield reported before the call that its SCOOP
and Stack proved reserves are now 30% of its total 181-
million-boe portfolio while, at 295,000 net acres, it is
23% of its leasehold. The company’s 10-operated-rig
program in SCOOP and Stack, where its 2014 produc-
tion doubled from 2013, is expected to produce up to
100 wells this year.

Brandon Mikael, a U.S. Lower 48 upstream analyst for Wood Mackenzie, said the

SCOOP area is one of the most exciting growth areas in the Lower 48. (Photo by

Heather Heindel)
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Solving water management issues
Could graphene be the silver bullet for water recycling?

I
f you ask oil and gas operators today what their top

five problems regarding production costs are, water

management would be on that list. The cost and com-

plexity of water separation, management and disposal

poses significant problems to the operator, and to con-

trol costs in the future, better water management must

be achieved at the wellhead. Advanced filtration meth-

ods using advanced technologies such as Lockheed

Martin’s Perforene will significantly reduce water man-

agement costs and facilitate the clean and efficient dis-

posal of produced water.

The potential of graphene
A solution to the wastewater treat-

ment issues in the oil and gas

industry may be found in

graphene, an emerging material

that has fascinated scientists since

its isolation in 2004.

In its purest form, graphene is a

single atomic layer of carbon atoms

bonded so tightly together that

they are impermeable to nearly

everything but subatomic particles.

Graphene exhibits remarkable

mechanical and conductive proper-

ties, easily surpassing copper and

other common conductors. And

even at one atom thick, this car-

bon film is unbelievably strong. 

Tests run by Lockheed Martin

and other researchers show that a

graphene composite membrane—

a graphene active layer integrated

with a porous substrate, like a

microfilter—can withstand cross-flow pressures of up to

1,000 psi with no mechanical degradation or delamina-

tion. The tests of its strength have incorporated multiple

pressure cycles over hundreds of continuous and non-

continuous test hours.

With so many unique properties, organizations all

over the world are studying graphene for applications

from consumer electronics displays and medical

devices to industrial separation and filtration and bar-

rier layers.

As a separation membrane, graphene offers the tanta-

lizing possibility of decoupling the relationship between

rejection and permeability that limits today’s solution dif-

fusion membranes. The secret is to perforate the pristine

sheet of impermeable graphene in a very controlled way,

introducing pores of an engineered size and density so

that the graphene film can operate as a molecular sieve. 

In theory, a graphene separation membrane properly

perforated and optimized for desalination could offer the

same salt rejection performance as today’s reverse osmosis

(RO) membranes but in orders of magnitude more perme-

able to water. Implemented in an appropriate system,

graphene membranes could dra-

matically reduce the pressure

needed for RO operations, reduc-

ing energy and cost. Or these

graphene membranes could be

operated at high pressure and

instead take advantage of

graphene’s high permeability to

reduce the physical size and weight

of a desalination filtration system

while maintaining the capability to

treat large volumes of water.  

Optimized with different pore

sizes, graphene films may be able

to effectively perform other filtra-

tion and separation functions. In

addition, the electrical properties

of graphene offer the possibility

to integrate a variety of electrical

effects into separation opera-

tions, which is not possible with

today’s technology. The right

integration of electrical effects

may improve the membrane’s tol-

erance to fouling, improve rejection and have other

beneficial effects, depending upon the application.

Applying graphene to oil and gas challenges
Researchers are investigating the applicability of tailored

graphene membranes to the unique challenges of the

oil and gas industry. The goal would be to take advan-

tage of graphene’s unique properties, including its toler-

Mike Hiltabidle, Lockheed Martin
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Advanced microscopes can resolve the lattice of

carbon atoms that make up a single layer of

graphene film. The tiny shapes in the image are six

atoms bonded together at the points of a hexa-

gon. The scale bar is two nanometers. (Source:

Lockheed Martin)
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ance of harsh chemicals and a wide range of tempera-

tures that would be unacceptable to today’s membranes.

Applications being studied include:

• Produced water treatment: Graphene may have the

potential to deal effectively with a wider range of

water quality than today’s technology; and

• Water recycling: Graphene may allow for the creation

of systems small enough and with low power require-

ments to be transportable.

While higher flow rates still need to be fully investigated

and tested using Perforene, there is no reason why the

technology could not be used in many challenging envi-

ronments, greatly reducing the cost of fluid filtration, water

cleansing and water disposal both on and offshore and

leading to significantly lower operating costs and logistics.  

From graphene to Perforene
But can a graphene separation membrane ever be prac-

tical? For some applications, it already is. Early products

based on graphene powders and flakes are on the mar-

ket now. Lockheed Martin already produces graphene

composite membranes using graphene films about the

size of a smartphone screen that are being evaluated for

oil and gas water applications, residential water applica-

tion and medical applications. The combination of

graphene’s very high permeability to water, extreme

thinness and the potential of Perforene technology to

customize pore size and density make graphene mem-

branes attractive for these and other applications. 

Working through the challenges
Graphene, while having significant promise, is not yet

ready for large-scale commercial rollout. Significant chal-

lenges remain in the production of large-scale graphene

films and in the complicated steps of creating a product

from such films. Since graphene filters operate very dif-

ferently than today’s solution/diffusion-based filters,

generating the right requirements for the graphene and

a particular application also is challenging. 

Some organizations claim to have produced graphene

films on a roll-to-roll process with areas measurable in tens

of square meters. One needs to take such claims with a

grain of salt; not all graphene is created equally. For some

filtration applications, nanoscopic defects in the carbon

film can result in leaks. In contrast, flexible touch screens

for consumer electronics could tolerate mechanical defects

up to square microns or larger without any performance

impact. Some forms of graphene such as graphene oxide

aren’t continuous atomically thin films at all but instead

are an amalgamation of tiny graphene platelets. 

Transferring graphene onto suitable substrates also

presents challenges that need to be considered. The dif-

ferent forms of graphene and graphene/substrate com-

binations offer pros and cons that need to be carefully

evaluated for specific applications. There may eventually

be a place in the world for all of them.

Lockheed Martin, an organization known for its focus

on the aerospace and defense industries, is developing

Perforene for applications in partnerships with several

end-user organizations. The near-term goals are to quickly

evaluate whether a graphene membrane has the potential

to truly offer value. A typical collaboration starts with a dis-

cussion centered on the applicability of graphene’s proper-

ties to a given application and proceeds to environmental

compatibility evaluations at small scale. 

Collaboration could continue into requirements defi-

nition, membrane development and filtration system

development and could ultimately result in commercial

product launch.

Graphene is a fascinating material that is beginning to

emerge commercially. Where it ends up depends on the

right marriage between graphene properties and appli-

cations. Whether it succeeds depends on effective part-

nerships between the graphene community, including

industrial companies such as Lockheed, leading univer-

sities such as MIT and the University of Manchester, and

end users with real-world needs such as companies that

buy and use filters in the field. 
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A Lockheed Martin-produced graphene composite membrane

(left) is shown next to a smartphone to indicate size. (Source:

Lockheed Martin)

http://EPmag.com


O
perators in North American shale basins have an

opportunity to take advantage of the vast amount of

data being collected from operations to improve margins

during this period of falling oil prices. Thousands of sen-

sors used in the drilling and completions phase, at the

wellhead, and along the supply chain create a data-rich

environment. The challenge in creating value from these

data stems from creating, managing, linking and automat-

ing changes in these core data environments so they can

be repurposed to support strategic initiatives as well as

daily operations. 

With conventional resources, geoscientists evaluate

plays to find areas with a hydrocarbon charge, a reser-

voir and a trapping mechanism. The desired acreage is

pursued, prospects are high-graded and the best are

drilled. Each function does its job and passes the results

to the next function in the value chain. The departmen-

talized nature of the work, the measured pace at which

prospects are evaluated and the rate at which wells are

drilled leave time to manage the data as a prospect

works its way through the life cycle.

In the unconventional world, all three factors (charge,

reservoir and seal) are combined in the one shale for-

mation. Hydrocarbons are generated and retained

within the shale, so the prospectors do not have to worry

about the migration and separate trapping of the con-

ventional reservoirs. Finding the hydrocarbons in a

shale play is not the difficult part—the challenge is find-

ing the most productive sweet spots within the areal

extent of the shale basin. 

Data analytics
The goal of shale operators is to accelerate the pace of

lease acquisition to drilling, completions and produc-

tion. In many ways, the shale play is a “data play” as well

as an application of manufacturing mindset to E&P

processes. Given the fast fall-off of production from

these wells, there must be a standard, repeatable process

of production to construct wells fast enough to make

shale plays economical. Consequently, the “factory” or

“assembly line” analogies are relevant. 

After data integration, the business can take opera-

tional efficiency to the next level through analytics. Ana-

lyzing drillbit performance, motor reliability and mud

composition can reduce trips and thereby reduce costs

and the time to drill a well. Analyzing multistage frack

jobs can determine what approach and designs work

best for a particular area. 

Modeling only goes so far as this is an area of almost

constant experimentation. Advanced analytics that

include financial data on costs and revenue can opti-

mize the entire life cycle.

June 2015   |   EPmag.com100

digital
OIL FIELD

Unconventional digital oil field
Industry needs a repeatable process of production to construct wells fast enough to make

shale plays economical.

Jim Crompton and Fred Kunzinger, Noah Consulting

Sustainable success in shale plays requires the

implementation of well-defined data management

capabilities. (Source: Anadarko)
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The factory mindset does not stop just with the
drilling operation activities conducted by the operator.
This factory relies on an agile supply chain (to build the
pad and drill the wells) and a business value chain to
take the product to market. To become a market leader
requires not only cross-disciplinary cooperation inside
the operating company but collaboration with vendors
providing products and services along the way.

Data management
Visiting the drilling operations brings the physical fac-
tory to life. Equipment is packed on the drill pad so
tightly that it can be difficult to move around. Pumping
units, sand and chemical storage units, the drilling and
completions rigs, the trailers for the engineers and sup-
port staff, and the water pit all dominate the visual scene.

The digital “mirror image” of this operation may be
harder to see, but it is just as important. Sensors and
process control units link the various pieces of equip-
ment on site, while communication services link in
experts back at the central office. The data environment
does not just hold the current state of operations; histor-
ical data from similar wells are used to build model-
based simulations to help guide the current activity. 

This digital environment connects not only operator
personnel; it may include experts from service companies,
partners and even regulators. A robust data foundation
and an integration framework provide the underpinnings
to make all actions run smoothly just as much as the con-
trol trailer does for the physical environment.

Effective data management success in the unconven-
tional world hinges on four components: governance,
integration, business process management and analytics.
“Governance” is a term that borders on overuse; how-
ever, data governance remains lacking in many compa-
nies. Implementing data governance does not mean
creating a data-focused bureaucracy. It means translat-
ing business needs into adhered-to business and data
management processes. It means defining roles and
responsibilities for collecting and managing data, from
structured to documents to the transaction to field
measurements. It means applying data standards tran-
scending individual disciplines.

In most companies data integration means merging
data from the production and accounting worlds. For
the unconventional world this level of integration falls
woefully short. Because of the model-based nature of
successful unconventional developments, the integra-
tion of data must span the entire value chain.

Linking the many data repositories associated with
unconventional wells depends on master data manage-

ment. Well data needs to be tracked consistently
throughout systems from prospect to divestiture. Link-
ing a traditional well identifies things such as drilling
spacing unit, well name, unique well identifier, regula-
tory permit identification and well name used in finan-
cial enterprise resource planning or land/lease
databases. The unconventional play is more than the
sum of its parts—it is a way of doing business that is
fully integrated with the ability to correlate data across
the enterprise.

Model-based approach
The race to acquire prospective acreage makes an early
entry into unconventional plays and locating the sweet
spots critical. Prospective shales tend to cover large
areas with drilling programs measured in the hundreds
of wells per year, dozens of rigs operating at the same
time and thousands of wells required to develop the
shale reservoir fully. Success depends on a model-based
approach that holistically considers fractures, well
designs, mineralogy, completion designs, production
data and reservoir patterns. With the business operat-
ing at such a scale and pace, sustainable success
requires the implementation of well-defined data man-
agement capabilities. 

Accurately collecting information and making it
available for analytical use becomes the basis for opti-
mization scenarios, even simulations. Much of the data
collected from real-time applications during the
drilling process itself will become even more useful
with the advent of big data applications for the oil and
gas industry. 

Data will allow companies to analyze just-in-time
options, better control drilling programs and rig sched-
ules and have much better insight into supplier con-
tracting possibilities. However, without first putting the
foundation in place to collect all of the relevant data,
none of these new possibilities can become reality.

These analyses must not be limited to traditional
reporting since existing systems do not scale easily. The
sheer volume of data requires systems capable of per-
forming multivariate analysis in a timely manner (in
days, not months). 

New technologies need to be tested and used during a
drilling program instead of waiting until next year’s pro-
gram to make changes that will bring significant benefit.
Some companies now drill more than 1,000 wells a year
in shale plays, completing more than two wells per day.
The difference between $10.5 million per well and $11
million per well over an entire year’s operations can be
$500 million. 
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Subsea unit provides hydraulic power right at
the well site
Siemens and Statoil have jointly developed and qualified

a subsea hydraulic power unit for use in offshore oil and

gas fields to provide hydraulic power right at the well

site. The Subsea Hydraulic Power Unit (SHPU) supplies

low-pressure and high-pressure control fluid to the sub-

sea control modules, according to a press release. The

subsea control module operates the hydraulic valves, the

downhole safety valve and downhole chock/sliding

sleeve. The hydraulic power unit can be used if the

umbilical fails and also as an alternative to the hydraulic

lines in the umbilical. The power unit has successfully

completed the qualification process, in which it has

passed function tests under hyperbaric pressure equal to

a water depth of 500 m (1,640 ft). The SHPU is an

important building block in the industry-wide vision for

a subsea factory, where the process plant is placed on the

seabed, the company said in the press release. This unit

was developed to be used as a contingency for an umbili-

cal failure on a field in the North Sea. In addition to a

repair function, the SHPU can also be used to extend

the lifetime of brownfields. For greenfield developments,

especially in deepwater and long step-outs, the SHPU

can be a cost-efficient alternative to complex umbilical

lines. The most significant advantage will be to replace

hydraulic power transmission lines with local subsea

hydraulic power generation and storage, the release said.

siemens.com/energy/subsea 

Toe sleeve allows multiple casing pressure
tests without pressuring above test pressure
TAM International Inc. introduced a new technology as

part of its PosiFrac product line. The TAM PosiFrac Toe

Sleeve (PTS) assembly is designed for cemented or

uncemented completions where a casing pressure test is

desired to confirm casing integrity prior to opening the

toe sleeve. The PTS is distinguished by allowing more

than one casing pressure test without the need to pres-

sure above the test pressure to open the sleeve, accord-

ing to a product announcement. One or more PTS tools

can be installed at the toe of the well, and each PTS will

cycle open independently during the final casing pres-

sure bleed-off cycle. This allows multiple entry points to

the reservoir so that the first stage can be fractured

immediately before plug-and-perf operations begin. The

PTS is rated up to 18,000 psi (combined hydrostatic plus

test pressure) and 177 C (350 F). The design features a

large flow area for high-rate fracture treatments and a

debris-tolerant actuation system that is compatible with

standard cement wiper plugs. tamintl.com

One-piece centralizers serve reciprocation,
rotation applications
Antelope Oil Tool has developed two additional centralizers

to the CentraMax series, CentraMax RT1 and CentraMax

PT1. These one-piece centralizers are an alternative solu-

tion to centralizer subs in close-tolerance applications, a

company press release said. Designed for high performance

in some of the most challenging applications, the centraliz-

ers provide low starting and running forces inside tight tol-

erance sections and strong restoring forces to centralize

casing string in under-reamed hole sections. The Centra-

Max RT1 is designed for both reciprocation- and rotation-

type applications. This centralizer is always pulled when

installed over an internal anchor or limiting device. The

CentraMax PT1 is designed for reciprocating well applica-

tions and is always pulled when anchoring devices are

installed in the windows of the centralizer’s end collars.

Both the RT1 and PT1 designs are suitable for applications

with minimal annular clearances. antelopeoiltool.com

Switchable magnet acts as practical 
tool for ROV operators 
Miko Marine AS has developed the ROV Magnet, a power-

ful magnet as a tool for ROV operators. Incorporating

patented technology that increases its performance, the

magnet has been designed so that it can be switched on

and off by an ROV manipulator and used for a wide range

of applications underwater, a product announcement

said. The new magnet can be applied instantly to any steel

structure, where it is capable of holding weights up to

1,650 lb (750 kg), and it can significantly reduce the

amount of time required for an ROV to undertake a task.

The magnet, for example, can quickly provide a stable

anchor point for an ROV during welding or inspection

work or for the temporary storage of tools while work is in

progress, the announcement said. The ROV Magnet’s

adhesion power also makes it a quick and easily applied

fixing point during lifting operations or to provide a con-

The CentraMax RT1 and PT1 are alternative solutions to centralizer

subs in close-tolerance applications. (Source: Antelope Oil Tool)
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venient solution for securely positioning instruments,

lights or cameras where they are needed. The magnet

functions completely mechanically without the need for

cables or wires. mikomarine.com

Pressure transmitter operates safely in 
hazardous areas 
The Model IDT Intrinsically Safe Pressure Transmitter

from AMETEK PMT Products is specifically designed for

use in hazardous areas for pressure measurement appli-

cations that require a rugged, compact design. The

intrinsically safe approvals for the IDT include FM US,

FM Canada (cFMus), ATEX and IECEx. The Model IDT

transmitter offers premium performance and versatility

for applications that include upstream oil and gas and

industrial as well as original equipment end uses, a press

release said, and its 0.2% typical accuracy is superior to

competitive models, allowing the transmitter to be used

on critical applications. Monel versions and Hastelloy

diaphragms for hydrogen sulfide applications are avail-

able. The tool is offered in pressure ranges from full vac-

uum to 5,000 psig, including very low pressure 0-psi to

1-psi, 0-psi to 3-psi, and 0-psi to 6-psi versions, and 15 psia

through 300 psia. The transducer accepts both regulated

and unregulated excitation voltages. ametekusg.com

Bi-fuel distribution unit focuses on hydraulic
fracturing industry 
Frac Shack Inc. has introduced the first bi-fuel distribu-

tion unit focused solely on servicing the hydraulic frac-

turing industry, according to a company press release.

The Bi-Fuel Frac Shack enables a single unit to distrib-

ute both diesel and natural gas to hydraulic frack

pumpers. In March, Frac Shack Inc. worked in collabo-

ration with Sanjel Corp. and Ferus Natural Gas Fuels

Inc. to test the first Bi-Fuel Frac Shack. In testing,

pumpers ran at a consistent 70% substitution rate. The

bi-fuel unit has the capability to distribute natural gas

from several sources, including LNG, CNG, field gas or

pipeline gas. fracshack.com

Cable designs meet Category 6 rating for 
rigorous drilling applications
RSCC Wire & Cable introduced two new Category 6

cable products for rigorous offshore oil drilling and

land drilling applications. The Exane Cat 6 is a rugged,

shielded and armored cable jacketed with the com-

pany’s proprietary Exane high-performance com-

pound. This cable is highly flame-retardant and

resistant to the effects of drilling mud and oil, a press

release said. The Exane ZH Cat 6 is a rugged, shielded,

armored and sheathed Low-Smoke Zero-Halogen cable

for installation in areas deemed to be sensitive to the

action of corrosive gases liberated during a fire from

halogenated cables. The Exane jacketed cables are

mud- and oil-resistant and pass the IEEE 1202 Vertical

Cable Tray Flame Test. These cables have enhanced

flexibility due to the use of uniquely designed stranded

copper conductor instead of solid conductors and are

easy to terminate in the field. The use of stranded con-

ductors prevents conductor breakage due to flexing in

an oil rig application. r-scc.com 
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The Miko ROV Magnet can be switched on and off by an ROV

manipulator and used for a variety of applications underwater.

(Source: Miko Marine AS)

The new Category 6 cable products from RSCC Wire & Cable are

mud- and oil-resistant. (Source: RSCC Wire & Cable)
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F
ifty years on from a newspaper advertisement

heralding Norway’s first offshore licensing round,

the oil and gas sector in the country continues to take

center stage with a swathe of major offshore projects

being developed.

“Those 36 lines in the newspaper advertisement

changed Norway, and it is probably the most profitable

ink ever in our history,” energy minister Tord Lien said.

Now, after 40 years of production, less than half of the

recoverable resources on the Norwegian Continental

Shelf (NCS) have been produced, and there is still

much more to come.

Lien says the 50th anniversary is well worth celebrating

because oil and gas is by far Norway’s most important

industry and will continue to play a vital role for many

years ahead.

He added a note of caution, however. “It is fair to say we

have not seen the full consequences of the fall in oil prices,

but already projects have been postponed and the invest-

ment level is expected to be down 15% compared to the

very high levels in 2014. I am, however, confident that the

Norwegian petroleum industry also this time will adjust

and weather the storm.

“The industry has been through tough times before

and has always come back stronger.”

He highlighted the Johan Sverdrup project, which is

due to start production in 2019, as one of the corner-

stones that will help the recovery.

Statoil’s Kjetel Digre, the Johan Sverdrup project direc-

tor, said the reservoir, which contains 1.7 Bbbl to 3 Bbbl

of recoverable oil and was just missed by 200 m (656 ft) by
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Norwegian projects keep rolling
Looming startups of Johan Sverdrup and other fields will help keep 

Norway’s oil and gas industry strong.

The development concept  for the Johan Sverdrup 

Field is shown.  (Source: Statoil)
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a 1976 exploration probe, will be developed in phases.
The first phase involves the establishment of a field cen-

ter consisting of four platforms—living quarters, process-
ing, drilling and riser.

“In 2018 we want to get two main platforms in place—
the drilling platform and the riser platform—and they
will be operating together to tie existing wells in and then
commence further drilling up toward production startup
in late 2019,” he said. “In 2019 the process platform and
the living-quarters platforms will be hooked up to create
the field center.”

Johan Sverdrup phase 1 will be supplied with power from
shore with a transformer on Kårstø delivering direct cur-
rent to the riser platform, ensuring an estimated 80 MW.

Digre said the partnership including Lundin, Det
norske oljeselskap, Maersk Oil and Petoro is now looking
into concepts for future development phases, and there
are a number of alternatives, including subsea and fur-
ther platforms being considered to tap the oil from the
whole reservoir.

The field lifetime will be 50 years, with an anticipated
plateau production of 550,000 boe/d to 650,000 boe/d.

Innovation on Aasta Hansteen
Although Johan Sverdrup is the jewel in the crown for Sta-
toil, the company also has a number of other major projects
in development.

The Aasta Hansteen field development, which is
expected to be ready for startup toward the end of 2016,
includes the first spar platform on the NCS. 

The risers transporting the gas from the seabed to the
platform and further to Polarled will be pure steel, which
will also be a first on the NCS.

Gas will be piped to shore through Polarled, a new 480-
km (300-mile) gas pipeline from Aasta Hansteen to
Nyhamna in Møre og Romsdal County. Condensate will
be loaded to shuttle tankers at the field. 

Statoil is also in the process of developing the Gina
Krog (previously Dagny) oil and gas field with a fixed
platform, while the wells will be drilled with a mobile
jackup drilling rig. Liquids will be transported via tankers
and the gas via the Sleipner Field.

Other upcoming developments on the NCS are at Mar-
tin Linge, Maria, Zidane, Snadd and Rutil.

But Norwegian consultant Rystad Energy says that four
developments have been delayed—Johan Castberg,
Snorre 2040, Tommeliten Alpha and Vette (previously
Bream)—and that investments of more than $12.5 billion
have been postponed until after 2020. 

Statoil said the partners in Johan Castberg (previously
Skrugard), which is located about 100 km (62 miles)

north of the Snøhvit Field in the Barents Sea, have
decided to spend “more time” to make the final concept
selection for the project. 

They are looking to mature an FPSO solution for the
field while continuing to investigate a production plat-
form (semi) as a possible offshore development solution. 

Room for others
Offshore Norway is not just all about Statoil, however, and
a number of other companies are developing major proj-
ects in the region.

The FPSO vessel for Eni’s Goliat oil field in the Barents
Sea will shortly be on station after recently completing its
15,700-nautical-mile journey from South Korea on the
Dockwise Vanguard heavylift vessel.

Vetle Dalan, subsea technology manager for Eni, said
that the aim is to start up production from the field via
the FPSO vessel in late summer this year.

He said current activity on the field, which had been due
onstream in 2013, involves the drilling of two wells, while
five wells have already been fully drilled and completed.

Goliat, which will become the northernmost oil field in
the world, will be produced through a total of 22 wells with
11 producers, nine water injectors and two gas injectors. 

Two 12-in. subsea pipelines have been installed, and the
subsea production system will provide the means for
injecting chemicals to prevent hydrate, wax and scale for-
mation. Subsea installation took place in 2011 and 2012.

“Sophisticated oil spill monitoring equipment has been
installed on the field,” Dalan said. “A capacitance sensor
has been installed on each well slot. Three acoustic sensors
have also been installed on each template, which are able
to be replaced subsea. A total of 80 sensors are in place.”

Eni will be using satellite imaging as well as planes, heli-
copters and standby vessels to detect acute spills and to

Loadout of the Edvard Grieg topsides is seen. The next phase is

hookup and commissioning. (Source: Lundin)
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monitor the movement of any spills.
The Sevan Marine-designed floater, the world’s largest

cylindrical floater yet built, weighs 64,000 tons, is 117 m
(384 ft) in diameter and 75 m (246 ft) tall, and is
designed to hold up to 1 MMbbl of crude oil.

Power will be provided from land, while oil will be
exported by shuttle tankers. Associated gas will be reinjected,
while the possible export of gas is also being evaluated.

Edvard Grieg ramps up
Another operator with eyes on the prize off Norway is
Lundin, which is developing the Edvard Grieg Field in
the Utsira High area.

The field, which was proven in 2007 with exploration
well 16/1-8, is due onstream in fourth-quarter 2015.

A total of six exploration and appraisal wells have
been drilled on the Edvard Grieg Field, which contains
undersaturated oil without a gas cap. The field’s gross
2P reserves are estimated at 186 MMboe.

The Edvard Grieg Field development solution consists

of a fixed platform with a full process facility, dry well-
heads with external jackup drilling and living quarters. 

Lundin Norway Managing Director Kristin Færøvik
said, “Our flagship project Edvard Grieg is a $3 billion
development. We have chosen an EPC [engineering,
procurement and construction] contract with very high
Norwegian content, and that has been very successful. It
has been delivered on time and on budget.”

The topsides have recently been completed, and the
next phase is hookup and commissioning. 

Meanwhile, Total is progressing its Martin Linge Field.
Oil and gas production is expected to start in 2016 with a
capacity of 80,000 boe/d.

Development involves the construction of an inte-
grated wellhead, production and accommodations plat-
form. Gas from the field will be exported to the U.K. via
the FUKA gas pipeline.

Total says the project will set a precedent for sustainability
by supplying the field’s power needs from the Norwegian
mainland grid via a 170-km (106-mile) subsea cable.
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M
any game-changing fields were discovered back

when baby boomers were kids and the younger

generation of today didn’t exist. But most people in the

industry today remember the gradual evolution (“dis-

covery” is not the right word here) of the Barnett Shale.

And it revolutionized the industry, particularly in North

America, like no other play in recent memory.

The story is well-

known by now and

has been retold in

shale plays across

the continent.

Shales were con-

sidered a pain in

the neck for many

years because of

the vast amounts

of natural gas that

were locked in

their tiny pores.

Drillers had to

exercise extreme

caution while

drilling through

them because of

the possibility of a

severe kick. “If you

reported that you’d drilled into shale when I was grow-

ing up, you got fired,” said Scott Tinker, director of the

Bureau of Economic Geology at the University of Texas.

The fact that they contained hydrocarbons was never in

doubt. But the odds of getting those hydrocarbons out

of the ground seemed slim to none.

Like many of its shale counterparts, the Barnett was

useful to early explorationists as a source and sealing

caprock for conventional reservoirs in the area. E&P in

these reservoirs has taken place since the early 1900s,

according to an American Association of Petroleum Geol-

ogists (AAPG) report in 2007. These reservoirs range in

age from Ordovician to Permian. The Texas Railroad

Commission (RRC) website added, “It was thought that

only a few of the thicker sections [of the Barnett] close to

Fort Worth would support economic drilling.”

George Mitchell decided to take a risk. His North

Texas holdings were in decline, and the company was in

trouble. Dan Steward helped in the development of the

play and told the New York Times in Mitchell’s obituary,

“This was survival. This was need.”

Mitchell began his quest to exploit the shale in 1981.

Hydraulic fracturing was already a tried-and-true tech-

nology, but horizontal drilling was in its infancy. 

“During the 1980s and early 1990s, Mitchell Energy

drilled well after well, many of whose sites were deter-

mined personally by Mitchell, an expert geologist who

dropped by his company’s engineering department to

check for good news,” the obituary noted. “For 15 years

the company struggled to show that its fracking could

produce reliable and economic gas.”

The proof in the pudding came in

1997, when the company used a water,

sand and chemical mixture in its frac-

turing activities. By 2012 shale gas rep-

resented 35% of U.S. natural gas

output, and Barnett reserve estimates

for the Newark East Field alone were

placed at between 70 Bcm and 84 Bcm

(2.5 Tcf and 3 Tcf). The U.S. Geological
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CHANGER

‘Highflying’ Barnett
The Barnett is now a shadow of its former self. But its legacy endures.

Rhonda Duey, Executive Editor

FIGURE 1. This figure shows the stratigra-

phy of the Barnett and nearby sections.

(Source: AAPG)
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Survey determined a total mean volume of undiscovered,
technically recoverable gas at about 736 Bcm (26 Tcf).

The Barnett extent
The play covers parts of more than 15 counties, accord-
ing to Geology.com, many of which are densely popu-
lated. This has led to some unique compromises to tap
the play without upsetting the locals.

For instance, now-defunct Ascend Geo used the reli-
able timing of freight trains as a seismic source for its
cableless system rather than bringing vibroseis trucks
into populated areas while shooting a seismic survey in
the area. 

According to information on the RRC website, the
Barnett stretches from the Dallas area to the southwest,
covering about 13,000 sq km (5,000 sq miles or 34 mil-
lion acres). According to the AAPG report, it is organic-
rich and thermally mature for hydrocarbon generation.
In the northeastern section it is more than 305 m (1,000
ft) thick and interbedded with limestone (Figure 1). 

Devon Energy, which acquired Mitchell Energy in
2002, is one of the leading operators in the region.
Since the acquisition, the company has drilled more
than 5,000 wells in the Barnett, according to its web-
site, and produces about 33 Mcm/d (1.2 MMcf/d) of
natural gas. With 600,000 acres, the company expects

to spend about $150 mil-
lion on the play in 2015
to drill 10 gross wells. 

Declining production
This is the sad part about
the Barnett. When natu-
ral gas prices deteriorated
due to active shale
drilling in other plays, the
Barnett fell on hard
times. Without much oil
or liquids content, the
dry gas play dropped to
less than 141 MMcm/d 
(5 Bcf/d) as of last June,
according to the Fort

Worth Star-Telegram.
The stats tell the story.

Figure 2 shows a dramatic
drop-off in drilling per-
mits issued in the first
couple of months of 2015.
Production figures also
continue to slide, with

natural gas falling from 161 Mcm/d (5.7 MMcf/d) at its
peak to 127 Mcm/d (4.5 MMcf/d) in January 2015, oil
drastically declining from 19.8 Mbbl/d at its peak in
2011 to 2.2 Mbbl/d in the same month and condensate
dropping from 21.3 Mbbl/d in 2012 to about 11 Mbbl/d
in early 2015.

The Star-Telegram reported in March 2015 that only
one rig remained in the Barnett, drilling on a site just
off the Loop. “While three additional rigs were
brought in this week, the fact you can count the num-
ber of area rigs on one hand is a sign of how things
have changed in the once highflying Barnett, the
5,000-acre laboratory for shale exploration that ignited
a domestic energy revolution,” the paper reported.
“Plummeting oil and gas prices, along with the seduc-
tive lure of bigger payouts in other parts of Texas and
across the country, have brought exploration in North
Texas nearly to a halt.”

What will it take to bring rigs back to the Barnett?
“Likely new technology,” said James King, vice president
of unconventional multistage completions for Baker
Hughes. “A fact of life in all of the shale plays is the low
recovery factor. A new EOR technology or a new restim-
ulation/refracturing technology that improves recovery
factor would rejuvenate the Barnett and bring the activ-
ity back.” 

FIGURE 2. Drilling permits in the Barnett have fallen off sharply. (Source: Texas RRC)
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W
ith offshore activities continuing their inexorable

move into deeper waters and more challenging

conditions, the need for anchor handling tug supply

(AHTS) vessels to have increased reliability and effi-

ciency has become paramount.

At the same time these vessels also are increasingly

required to run with lower operating costs and better

environmental performance. 

For AHTS vessels—designed mainly to anchor and tow

rigs and installations but also increasingly multifunctional

to also handle duties including oil recovery, rescue and

firefighting—the need to carry out their work on the

deployment, recovery and shifting of subsea mooring pat-

terns as quickly and safely as possible is particularly crucial. 

Downtime is a dirty word in the offshore industry at

any time but especially in today’s tough environment,

and AHTS efficiency is a sector that has become a key

focus for oil companies looking to further improve their

offshore operational uptime and productivity. 

With this in mind, Wärtsilä of Finland recently launched

a new design focused on simplicity, efficiency, low fuel

consumption and a reduced environmental impact. 

The company has targeted the design with equipment

solutions suitable for medium- to large-size AHTS ves-

sels, where one of the key components is a two-speed

gearbox system selected to meet the design targets of

reduced costs and less complexity without compromis-

ing operational safety.

Less fuel
Wärtsilä estimates the new design can provide a reduc-

tion of 20% to 25% in fuel consumption compared to

conventional diesel mechanical twin-engine solutions,

with 17% of that saving contributed by the two-speed sys-

tem, the company said.

The hybrid (diesel-mechanic and diesel-electric) two-

speed gearbox Power Take In (PTI) solution can switch

from one operational mode to another, with changing

propeller speeds producing no loss in PTI power. 

The AHTS design features bollard pull options of 180

tonnes, with options for 150 or 220 tonnes, and a hybrid

propulsion system. The vessels are also fully compliant

with ABS regulations.

Wärtsilä, known mostly in the offshore sector for its

power and marine LNG solutions to the market,

recently outlined its continued ambitious growth plans

for the offshore oil and gas market, including in the off-

shore service vessels sector, at a briefing at its facility in

Rotterdam, Netherlands. Solutions it is offering in the

sector now include ship design, propulsion and auxiliary

engines, electrical systems, propulsion systems,

thrusters, automation systems, bridge systems, and

remote monitoring capabilities.

But it also flagged up the growing global gas and

LNG market as a key area for its future expansion

plans, including small- and medium-scale liquefac-

tion solutions. 
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New AHTS vessel designed 
with efficiency in mind
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Wärtsilä’s latest AHTS design will reduce fuel usage by up to a quarter, the

designer said. (Source: Wärtsilä)

Vessel Facts

Sector: Anchor Handling Tug Supply

Owner: Wärtsilä

Vessel Design: WDS 4826

Size (length): 83 m (272 ft) 

Deadweight: 3,500 tonnes

Top Speed: 15.6 knots

Bollard Pull: 180 tonnes

Deck Area: 670 sq m (7,212 sq ft)

Power Range: 2-13 MW

Operating Arena: Worldwide

Classification: ABS: +A1 

Accommodation: 31 persons
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EUROPE

Norway’s petroleum minister opens Valemon Field

The Valemon gas and condensate field in the North Sea

was opened by Tord Lien, Norway’s petroleum and

energy minister, Statoil ASA said. Valemon is a new proj-

ect on the Norwegian Continental Shelf. The field has

an HP/HT reservoir. Expected recoverable reserves are

192 MMboe. Condensate from Valemon will be piped to

Kvitebjørn for processing and then forwarded to

Mongstad, while the gas will be transported to Heimdal

for processing and then sent to the market. Heimdal was

scheduled to be shut down last year, but Valemon is

extending its life as a gas hub.

Wintershall Norge wildcat proves oil near Kristin Field

Wintershall Norge AS, operator of production license

589, will finish drilling wildcat well 6406/2-8, which

proved oil south of the Kristin Field, the Norwegian

Petroleum Directorate said. The field in the Norwegian

Sea is 190 km (118 miles) northwest of Kristiansund.

Well 6406/2-8 targeted Lower to Middle Jurassic reser-

voir petroleum in the Båt and Fangst groups. The well

hit two oil columns at a 130-m (427-ft) interval in these

groups in poor-quality sandstone. The discovery area

could have between 1 MMcm and 8 MMcm (35 MMcf

and 283 MMcf) of recoverable oil equivalents.

SOUTH AMERICA

Petrobras finds fresh oil, gas in Amazon Basin

Petrobras discovered a new oil and gas accumulation

in the Amazon Basin, Block AM-T-84. The discovery

was made while drilling well 1-BRSA-1293-AM, infor-

mally known as Jusante do Anebá. Well drilling

reached 2,040 m (6,693 ft) total depth. Preliminary

well tests confirmed the presence of light oil (47˚API)

and gas in arenaceous reservoirs 1,350 m to 1,900 m

(4,429 ft to 6,234 ft) deep. Petrobras operates the con-

cession with a 60% interest in partnership with Petro-

gal Brasil, which has a 40% interest. The consortium

will proceed with activities to evaluate the oil- and gas-

bearing reservoirs.

Petrobras makes Espírito Santo oil discovery

Petrobras discovered oil in the Espírito Santo Basin

onshore Brazil. The wildcat well 1-BRSA-1302-ES, known

as Guayacan, found oil in reservoirs 711 m (2,333 ft)

deep after well drilling reached 1,312 m (4,304 ft). This

well is part of the Tabebuia discovery evaluation plan

and is about 120 km (75 miles) from the city of Vitória.

Petrobras is the operator and retains 100% of

exploratory block ES-T-495. The discovery will be evalu-

ated by formation tests as part of the evaluation plan’s

exploratory program.

AFRICA

Repsol hits gas in Algeria

Repsol discovered gas in the Tan Emellel Sud-Ouest-2

(TESO-2) exploration well in the Sud-Est Illizi Block in

Algeria. It is the third find in the block in southeast
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The Valemon gas and condensate field in the North Sea has

been opened. (Source: Statoil)

Repsol discovered gas in the Sud-Est Illizi Block in Algeria.

(Source: Repsol)
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Algeria’s Illizi Basin. In Algeria, Repsol works on the
Tin-Fouyé Tabankort project, the Reggane Nord devel-
opment project, Sud-Est Illizi and Boughezoul. The
newest discovery is the continuation of an exploration
campaign in the high-potential area. The gas was found
at 1,307 m (4,288 ft). Repsol will drill at least four addi-
tional wells to appraise the previous discoveries within
the block.

Kosmos makes discovery offshore Mauritania

The Tortue-1 exploration well in Block C-8 offshore
Mauritania has made a significant play-opening gas
discovery, Kosmos Energy said. The well was drilled
to test the Tortue West prospect, which forms part of
the Greater Tortue Complex. Based on the prelimi-
nary analysis of drilling results and intermediate log-
ging to a depth of 4,630 m (15,190 ft), Tortue-1
intersected 107 m (351 ft) of net hydrocarbon pay. A
single gas pool was encountered in the primary
Lower Cenomanian objective. Kosmos said the Lower
Cenomanian is comprised of three excellent-quality
multidarcy reservoirs totaling 88 m (288 ft) in thick-
ness over a gross hydrocarbon-bearing interval of 160
m (528 ft). A fourth zone 19 m (62 ft) thick was pen-
etrated within the secondary Upper Cenomanian tar-
get over a gross hydrocarbon-bearing interval of 150
m (492 ft).

AUSTRALIA

BP delays Great Australian Bight exploration 

BP Plc expects to start drilling an untapped oil frontier
off the coast of southern Australia later than it had esti-
mated, citing the potential for a delay in the delivery of
the rig. The energy giant plans to begin drilling in late
2016, compared with its initial target of early 2016, BP’s
Australian unit said. BP, Chevron Corp., Statoil ASA and
Santos Ltd. are among energy companies expected to
invest more than $1.6 billion on exploration in the
Great Australian Bight.

ASIA-PACIFIC

CNOOC: Kenli oil field starts production

CNOOC Ltd. said that the offshore Kenli 10-1 oil field
began production. The field is in 17 m (56 ft) of water
in China’s Bohai Bay. Its main production facilities
include one central processing platform, two wellhead
platforms and 70 producing wells. Currently, 12 wells
produce about 10,750 bbl/d of crude oil. The field is
expected to reach its peak production of about 36,000

bbl/d in 2016. CNOOC holds full interest in Kenli and
is the operator.

Lundin produces first oil from Bertam

Lundin Petroleum subsidiary Lundin Malaysia has
achieved first oil from the Bertam Field offshore
Malaysia. The field began production from four
predrilled development wells. The remaining produc-
tion wells will be drilled sequentially and put onstream
through the remainder of 2015, with the field’s gross
plateau rate of 15,000 bbl/d of oil expected to be
achieved by late 2015. The field is located on Block
PM307 offshore the eastern side of Peninsular Malaysia.
Lundin Malaysia is the operator with a 75% working
interest, and Petronas Carigali is partner with a 25%
working interest.

MIDDLE EAST

Inpex, Total will develop UAE onshore deposits

Inpex Corp. has joined Total SA in developing the main
onshore oil deposits in the United Arab Emirates as Abu
Dhabi calls on new partners for its $22 billion effort to
pump crude from its largest fields. Inpex will take a 5%
stake in the fields. The concession will give Japan access to
crude from the Abu Dhabi deposits for 40 years starting
Jan. 1, 2015. Abu Dhabi National Oil Co. picked Inpex
from at least 10 bidders to join it and Total in the venture. 

Saudi Arabia meets oil export demand

Saudi Arabia, the world’s biggest oil exporter, will meet
any demand for its crude as the kingdom seeks to keep
customers happy and maintain a balanced market,
Prince Abdulaziz bin Salman, the deputy oil minister,
said. Saudi Arabia raised output to 10.1 MMbbl/d in
March, near an all-time peak, the International Energy
Agency reported April 15. “Saudi Arabia responds to
demand in the market,” the prince said. “We will pro-
vide oil to whomever asks for it.”

RUSSIA CIS

Dragon Oil increases Turkmenistan oil production

Dragon Oil Plc produced 23% more oil in Turk-
menistan in first-quarter 2015 than in first-quarter 2014,
the company said. Average gross production in the
Cheleken contract area was about 88,700 bbl/d in first-
quarter 2015. This was a 23% increase over the corre-
sponding 2014 level. March production in the contract
area averaged 89,600 bbl/d, and April production aver-
aged about 93 Mbbl/d.
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PEOPLE

Transocean named Jeremy Thigpen as

president and CEO.

Husky Energy chose Jonathan McKen-

zie to be CFO.

Oryx Petroleum Corp. Ltd. tapped

Vance Querio as COO.

Alan Linn has been chosen as the new

CEO of Afren Plc.

Saipem S.p.A. appointed Stefano Cao

CEO. Paolo Andrea Colombo became

chairman of the board.

Occidental Petroleum Corp. has pro-

moted Vicki A. Hollub to senior exec-

utive vice president of Occidental and

president of Oxy Oil and Gas, respon-

sible for operations in the U.S., Mid-

dle East region and Latin America.

Occidental’s board of directors

elected Eugene L. Batchelder non-

executive chairman.

TAQA tapped Grant Gillon as act-

ing CFO to replace Ryan Wong,

who retired.

GEODynamics Inc. pro-

moted Nathan G. Clark (left)

to senior vice president of

perforating and

technology and Cameron

Kirkpatrick (right) to vice

president of U.S. sales.

Polyflow added David Morrissey as

senior vice president of sales and

marketing. 

Nick Walker has joined Lundin Petro-

leum’s management team as senior vice

president, development and operations.

Andrew Slaughter has been appointed

executive director of the Deloitte Cen-

ter for Energy Solutions.

Emco Wheaton has tapped

Daniel Gheorghiu (right) as

supervisor of engineering

services in Canada.

Peterson has selected Loek

Sakkers (left) as director of

projects and

Stephen McCrindle

(right) as supply chain

manager within its offshore

business. 

Alan To has been appointed LRQA vice

president for strategic marketing global

sustainability, transportation and health.

Paal E. Johnsen has joined the execu-

tive management team in Akastor ASA

as investment director.

TAM International has named Colin

Graham as Norway country manager

in the company’s new office in Norway.

Rod Buchan (left) was

tapped as executive chair-

man for IMES Group.

Chet Morrison Contractors

has chosen Leroy Guidry

(left) as president

and Kelly Reeves

(right) as vice president of

marketing. 

Elizabeth “Liz” Leoty Craddock joined

the International Association of

Drilling Contractors as vice president

for policy, government and regulatory

affairs, leading the association’s Wash-

ington, D.C., office.

Senex has named David Spring execu-

tive general manager, exploration. 

Christopher O. Champion has

become vice president, chief account-

ing officer and controller for

Anadarko Petroleum Corp. He suc-

ceeded M. Cathy Douglas, who

retired following more than 35 years

with the company. Darrell E. Hollek

was appointed executive vice presi-

dent of U.S. onshore E&P.

Wood Group Mustang promoted

Edmund-Hugo Lunde to executive vice

president and Brent Owen to senior vice

president, project delivery functions.

Khalid A. Al-Falih was selected as chair-

man of Saudi Aramco.

Gulfsands Petroleum Plc appointed Alas-

tair Beardsall as executive chairman. 

Mark Dundee (left) has

taken the role of vice presi-

dent within the downhole

products division of Varel

International. David Harrington

(right) has become vice pres-

ident and general manager

for Varel’s mining and indus-

trial drillbits division.

Kevin McIntosh has been named vice

president of drilling and completions

for Toro Oil & Gas Ltd.

Dr. Srinivas Saraswatibhatla has

joined Bell Geospace Inc. as geo-

science manager.

Chesapeake Energy Corp. named

Frank Patterson executive vice presi-

dent, exploration, land and subsurface

technology.

Daniel R. Simon joined the energy and

project finance practice group of

Stroock & Stroock & Lavan LLP as spe-

cial counsel.

Annete Valbø, Espen Grimstad and

Berit Osnes have become employee-

elected directors for Petroleum Geo-

Services ASA’s board. 

Simon Thompson has been appointed

to the board of directors of 3i Group
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Plc as a nonexecutive director.

Cairn Energy Plc has appointed two

new independent nonexecutive direc-

tors, Keith Lough and Peter Kallos, to

the board.

Dustin L. Guinn, CEO of Viking Serv-

ices BV, was made an independent

director on the board of Zion Oil &

Gas Inc.

Bill McCall has been named to the

board of Iona Energy as an independ-

ent director.

Energen has elected William G. Har-

gett and Alan A. Kleier to its board of

directors.

Catherine Hughes has resigned from

her position as member of the board

of directors of Statoil ASA.

COMPANIES

Intertek has opened an upgraded, newly

expanded center of excellence for cor-

rosion testing services. The site now

covers 2,500 sq m (27,000 sq ft) and is

one of the world’s largest independent

laboratories dedicated to corrosion test-

ing. The facility has been granted

accreditation for two tests under the

UKAS ISO 17025:2005 standard.

Halliburton opened its new Indone-

sian headquarters in Jakarta. The

27,000-sq-m (290,625-sq-ft) facility

serves as the company’s headquarters

for all of its business lines in Indonesia

and includes offices, a warehouse, and

maintenance and training facilities.

The additional synergies from the facil-

ity include enhanced integrated serv-

ices, equipment maintenance, job

preparation, and execution and high

service quality. 
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R
eaping the harvests from horizontal drilling, the

nation has been reveling in lower prices at the pump

and a seemingly limitless supply of oil and gas. The suc-

cess of U.S. independent oil and gas producers has

come through unlocking the resources from shale rock.

This process and its prolific oil production have simulta-

neously created an abundance of natural gas—such that

supply is in excess of current demand. This exceptional

situation is an open door to creating new markets using

this excess supply.

The largest market potential is for the displacement

of diesel fuel for LNG. This market stretches from on-

road long-haul transportation to railroads to marine—

and is inclusive of off-road mining and energy.

Notably, such a transition in transportation markets

would be predicated on creating and building the

infrastructures to support such a change—vehicle and

engine development as well as a fueling infrastructure

and distribution systems capable of covering a large

geographic area. This creates the proverbial “chicken-

or-egg” situation. 

However, the off-road mining and energy

market is ready now. It takes a lot of energy

to find and extract energy. Drilling requires

11,350 l/d to 18,930 l/d (3,000 gal/d to

5,000 gal/d) of fuel, and completions

require closer to 37,850 l/d to 56,780 l/d

(10,000 gal/d to 15,000 gal/d). Cleaner-

burning dual-fuel engines allow displace-

ment of up to 60% of diesel with no

degradation in performance, and mobile

fueling distribution and fueling solutions

have already been established. 

The only remaining variable, true with all

these market potentials, is the necessity for

additional LNG production.

Prior to the recent drop in oil, the poten-

tial fuel savings from LNG use could be

between 30% and 35% compared to diesel in

the energy industry alone. Although fuel costs do not

drive drilling and completion (D&C) programs, keep in

mind the larger picture: It’s not about the economics,

it’s about growing a market. 

Building an LNG production and distribution infra-

structure to support energy D&C will support other mar-

ket sectors, effectively paving the way for

complementary and interrelated industries.

Bi-fuel infrastructure to support E&P is the first ripple

in the pond, supporting future adoption by on-road

transport, marine and rail markets. As the demand for

more natural gas is created, the gates will open up for

more resource plays for development. 

As such, the E&P sector can directly influence poten-

tially significant gas demand. Despite the current situa-

tion, oil/diesel prices will recover aggressively,

reinforcing the demand for LNG in the transportation

sector. High horsepower demand will remain stable and

likely grow when renewed drilling is driven by even

more top-drive AC rigs. 

By using LNG to fuel its operations, the energy sector

can build out the infrastructure that will seed the

demand in other markets and increase the overall mar-

ket demand for natural gas. 
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Case for LNG as a fuel: Developing
new opportunities
Potential fuel savings from LNG use could be between 30% to 35% 
compared to diesel in the energy industry alone.

A typical budget for completing a well includes the cost of 56,780 l/d of diesel over

a three-day period at $4 per 3.8 l (1 gal), which is about 4% of the total budget.

(Source: HEYCO LNG) 
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