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Five Bakken/Three Forks discoveries reported by QEP 
In Section 36-150n-95w in McKenzie County, N.D., QEP Resources Inc. 
completed fi ve new Bakken/Three Forks producers from a common drill 
pad on the southern end of the Nesson Anticline.

Two Antelope Field-Middle Bakken discoveries completed 
Marathon Oil Co. completed two Antelope Field-Middle Bakken dis-
coveries on the Fort Berthold Indian Reservation from a drilling pad in 
Section 34-152n-94w of McKenzie County, N.D.

Utica Shale discovery fl ows 31 MMcf/d of gas 
EQT Corp. has announced results from a Utica Shale test in Wetzel 
County, W. Va. The #513926 WV is producing 886,147 cu. m/d (31.294 
MMcf/d) of gas.

Waiting game over? IEA says 

OPEC cuts will hasten rebalancing 
By Darren Barbee, Hart Energy

For now, Saudi Arabia, Kuwait and 

other Middle Eastern producers have 

the spigots wide open.  

Subsea renewables crossover 

potential attracts
By Steve Hamlen, 
Subsea Engineering News

Transferring subsea skills to the off-

shore renewables sector could offer 

a new string to the bows of subsea 

players that have traditionally only 

worked in the oil and gas sector.   

Interest in Great Australian Bight picks up

By Velda Addison, senior editor, Digital News Group

Karoon Gas Australia is the latest company to 
be granted an exploration permit for Australia’s 
Bight Basin.
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Frank’s International agrees to merger 
with Blackhawk Specialty Tools for $321 
million in cash and stock.  
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Time is money 
Cost efficiency has been the upstream industry’s Holy 

Grail over the past year or so, but now it is increasingly 

focused on reducing project cycle time. 

T
he inordinate time it can take to bring projects online is nothing new. 
There are many examples of developments that took decades to flow. 

The technologically challenging Kashagan Field offshore Kazakhstan, for 
example, was discovered in 2000 but is today only slowly spluttering into pro-
ductive life after several attempts. There are plenty of less challenging fields 
that have taken equally as long.

In today’s nervous upstream business climate, elongated cycle times and delays 
are an anathema. They simply cannot be allowed—or afforded—to happen.

Essentially holding the rest of the global industry to account is the phenome-
non that is the U.S. unconventionals business. Despite suffering most in terms 
of investment cuts—following the price plunge, shale investments have been 
slashed by 66% compared to offshore’s 34% since 2014—it also is best placed 
to ride any sustained price upturn.

This is thanks to its shorter lead times compared not only to offshore but the 
rest of the world’s onshore business, too. “For shale developments, we believe 
that investments will increase from 2017 (short lead times), while for offshore 
developments we expect to see increased investments in field development 
activity from 2019,” Jon Fredrik Müller, a partner at analysts Rystad Energy, 
told Hart Energy.

Shale’s advantage is its payback time, coming in lowest at four years (assum-
ing a price of $70/bbl and eight years at $50/bbl).

Interestingly, in terms of breakeven price, both shale and shallow-water projects 
are equally attractive. But again, with that shorter payback for shale it is expected 
to see the largest capex growth (averaging 33% annually over the next five years).

Shale’s performance is dragging the rest of the industry along with it.
Luis Araujo, CEO of Aker Solutions, commented on this recently, stressing 

the benefits of project repetition and synergy where possible when “compet-
ing in an industry with a very short cycle.” Regarding offshore vs. shale as a 
resource, he added that “there is a place for everyone.”

There is a risk of sorts, however. Not long ago there was an equivalent push 
to reduce cycle times. When the oil price was $100/bbl, a fast schedule and 
resultant cash flow was king. Many operators pressed for reduced cycle times 
to get their projects onstream as soon as possible, with an almost “whatever the 
cost” approach in terms of engineering needs. 

The industry must strive to continue to reduce cycle times, but it 
must do so without that “at any cost” mentality. If the oil price 
does continue on its cautious road to a more sustainable level, a 
little patience with schedules might go a long way toward creat-
ing the value needed.  

http://EPmag.com
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Simon Flowers and Harry Paton, Wood Mackenzie

I
f you want a good idea of the current state of the oil 

industry, you need to look no farther than how opera-

tors are treating their portfolios of pre-final investment 

decision (FID) projects. More specifically, how com-

mercial these future projects are going to be in terms 

of where they sit on the cost curve of future supply and 

whether they are still going ahead.

Tight oil’s position on the cost curve has been 

strengthened by low oil prices. In contrast, fewer con-

ventional pre-FID projects are now commercially viable, 

with new deepwater projects in many parts of the world 

uneconomic at the current oil price. This changing 

dynamic has profound implications for the future cost 

of supply and more generally for E&P companies, with 

tight oil “haves” increasingly advantaged over the “have 

nots.” The latter need strategies that keep their portfoli-

os competitive in the future. 

Two years ago as oil prices peaked, conventional proj-

ects dominated new oil developments and new sources 

of future global supply. Wood Mackenzie’s analysis of 

the industry’s hopper of new supply sources at the time 

projected potential production of 14 MMbbl/d on a 

10-year view. Most of this, 8 MMbbl/d, was from con-

ventional projects, with the remaining 6 MMbbl/d, or 

43%, from new U.S. tight oil wells. 

Cue the price crash that shook things up. Wood 

Mackenzie’s latest view shows that pre-FID convention-

al projects have been hit hard by low oil prices. Total 

potential volumes from these projects have shrunk 

The future of oil: winners,  
losers and the oil price    
Tight oil ‘have nots’ need a structural reduction on pre-FID  

costs to maintain their conventional portfolios.

Breakevens by resource theme and production are projected for 2025. (Source: Wood Mackenzie)
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from 8 MMbbl/d to 5 MMbbl/d in Wood Mackenzie’s 
2016 dataset. 

Many pre-FID deepwater and ultradeepwater projects 
have been hit hard by low oil prices. Their expected 
contribution to future supply has dropped from a peak 
of 4.5 MMbbl/d in 2014 to 2.5 MMbbl/d currently, 
and of that just 1.5 MMbbl/d is from projects that are 
commercial at $60/bbl oil. Among the worst-affected 
provinces are Angola (average breakeven Brent price 
$77/bbl) and Nigeria (ultradeepwater $65/bbl), where 
numerous projects have been deferred or cancelled. 

These statistics mask what might be the start of an 
underlying positive trend for global supply. Total potential 
volumes in the hopper of new projects have fallen since 
2014, but more are commercial at lower prices than a year 
ago. About 70% of new investment in U.S. tight oil and 
pre-FID projects is commercial under $60/bbl, up from 
50% a year ago. These projects can deliver 9 MMbbl/d of 
production compared to 7.5 MMbbl/d a year ago. 

Does this tell the whole story?
The increase in volumes is largely down to lower cost 
U.S. tight oil, which dominates new potential supply 
volumes, contributing 57% of the total. But the oil 
market still needs deepwater volumes. In fact, by 2025 
expected onstream field declines and a projected 
growth in demand means that the world needs about 
20 MMbbl/d of new supply. Tight oil on its own can-
not provide all the volumes, no matter how cheap. 
So when it comes to the future cost of supply, it is 

worth looking at the right-hand side of the 
curve—the higher cost themes.

There’s still almost 4 MMbbl/d that 
requires more than $60/bbl to achieve 
commerciality. The majority of those vol-
umes are expected to come from largely 
offshore conventional projects, which 
means that at some point prices are going 
to need to incentivize the development of 
such resources. In fact, 500,000 bbl/d of 
the pre-FID volumes only achieve a com-
mercial rate of return with prices above 
$80/bbl. This has big implications in the 
future cost of supply. When it comes to 
looking at market fundamentals and the 
future oil price, it isn’t the cheapest barrel 
of oil but the more expensive barrels that 
people should be focusing on. 

If operators do not believe oil will reach 
$80/bbl by 2025, it can be tough to justify 
developing an asset that can only bring com-

mercial returns at that price. And over the last two years 
Wood Mackenzie has seen the fallout of operators begin-
ning to realize the mantra of “lower for longer.” FIDs are 
being deferred at an alarming rate. Historically Wood 
Mackenzie has seen about 30 to 50 conventional FIDs 
being made in a year. In 2015 as operators continued to 
defer capital ommitments in an attempt to remain cash 
flow-positive, Wood Mackenzie saw eight being made. 
And 2016 doesn’t look much better, with the number of 
FIDs being made struggling to reach double figures.

Is cost deflation just a buzz word?
How has the U.S. Lower 48 remained so commercially 
appealing? The key to tight oil’s success has been the 
great strides in productivity and cost deflation in the big 
growth plays. 

Wood Mackenzie’s analysis shows that well costs have 
come down by about 30% to 40% in the last two years. 
Breakevens for the Midcontinent SCOOP/STACK ($35/
bbl), Bone Spring ($37/bbl), Wolfcamp ($39/bbl) and 
Eagle Ford ($48/bbl) are at the very low end of the glob-
al cost curve. Half the reduction is from service costs and 
half from efficiency/productivity improvements (in some 
cases spud-to-spud times have been halved). The cost 
reductions are more sustainable than originally thought 
due to these efficiency/productivity improvements.

Cost reduction outside U.S. tight oil has been nearer 
10% to 15%. Wood Mackenzie expects more progress 
globally in cost-cutting in conventional projects in the 
next year or two. Without it, few projects will progress 
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to FID. Wood Mackenzie thinks cuts of 30% to 40% are 
needed for some deepwater projects to be commercially 
viable at $60/bbl, though it’s doubtful cuts of that scale 
are achievable.

Of the conventional projects that have achieved FID 
recently, operators consistently reference significant cost 
savings on their project budgets driven by project optimi-
zation and supply chain savings. In other words, a signifi-
cant proportion of cost savings are self-imposed—we have 
yet to see the required genuine cost deflation for some of 
these deepwater projects to achieve commerciality. 

Who are the winners and losers?

The ascendancy of tight oil is great news for the incum-
bent operators in the key lower cost growth plays. Pre-
eminent are U.S. independents such as EOG, Pioneer, 
Continental and Apache, and of the majors, Exxon 
Mobil and Chevron. 

But what about the tight oil “have nots”? All E&P compa-
nies need to get lower on the cost curve to build a future 

portfolio resilient to the vagaries of oil prices. But accessing 
a position in tight oil material enough to make a difference 
would be a tortuous process organically and expensive via 
mergers and acquisitions (M&A). Certainly Tier 1 expo-
sure through an asset or company acquisition would entail 
a big premium. Wood Mackenzie’s M&A Service observes 
that bid/ask spreads are wider in tight oil than other asset 
classes—a reason few deals have happened. 

There are other routes. Shell’s acquisition of BG, with 
its prize presalt deepwater assets in Brazil, is a good 
example. Breakevens average $50/bbl—on par with the 
Eagle Ford. Others might recognize that buying into 
the lower end of the cost curve is a nonstarter and pur-
sue a more gradualist approach. 

The priority has to be the structural reduction of  
costs on pre-FID projects to ensure a conventional- 
oriented portfolio is sustainable at moderate oil prices. 
Exploration could then also return to a central role 
again, with lower cost developments ensuring that 
full-cycle returns are commensurate with the risk.  

http://EPmag.com
http://repsol.com


Rhonda Duey, Executive Editor

T
he headlines would have us believe that there is an 

enormous chasm between the oil and gas business 

and the renewables business. The truth is a little less 

sensational. Not only are oil and gas companies taking a 

serious look at renewables as part of their portfolios, but 

many of them helped the fl edgling renewables business 

get off the ground several years ago.

Terry Jester is uniquely positioned to discuss this evo-

lution. She’s the CEO of Silicor Materials, a company 

that provides a lower cost form of silicon to companies 

that make solar panels, but she also worked at compa-

nies like Atlantic Richfi eld (ARCO) and Shell early in 

her career when those companies had startup solar busi-

nesses. E&P talked to Jester about those early efforts as 

well as current initiatives.

E&P: Companies like Total and 

Enbridge are putting more money into 

renewable energy development. What 

is the rationale for these developments?

Jester: I think that’s the right ques-

tion. My own initial experience in 

the solar business was with compa-

nies like ARCO, BP, Siemens and 

Shell. At the time ARCO and BP 

Solar were big. They did a lot of 

the seminal work on why solar modules even work today 

and are reliable. All of that work was fi nanced through 

these large energy companies in the late 1970s and early 

1980s, and I think that’s something that’s kind of been lost 

as the solar business has grown. That was really important 

because these solar modules need to be long-lived for 

cost-effective energy production. 

I will tell you that we were under the watch, or maybe 

scrutiny, of the top levels of the company. It was interest-

ing as a young engineer being able to present to board-

level folks about what was going on. It wasn’t like we were 

something hidden away in a corner, and I’m guessing as 

people step back into it from the oil companies that will 

continue to be the case. They’ll review and acknowledge 

the fact that this will be important in the future, but also 

how it fi ts in a meaningful way will continue to be under 

the purview of the top levels of these organizations.

I always tip my hat to the early days where these large 

oil fi rms played a big role in creating a foundation for 

the industry. I think then they exited because it took a 

long time for solar to mature and start to take hold in 

terms of providing signifi cant energy. They’re oil com-

panies in the end, right? They’re not solar companies, 

so when things contract or expand, they’re making deci-

sions based on their own profi t and loss. 

I remember when I worked for ARCO and Shell, 

they’d have 50-year looks at energy, not only needs but 

sources, and renewables were always a part of that. I 

think that now that the industry has grown big enough 

and diverse enough, the oil companies can see a role 

again for them. Total is a good example of a company 

that has stepped in by acquiring a majority portion of 

SunPower. I think they’re looking at system deployments 

and seeing where they can play a role in not only the 

growth of solar but also in specifi c companies that have 

business plans that can merge well with what they do.

Renewables aren’t going away. If you look at the 

capital cost to install renewables, it’s less expensive 

and more timely when compared to large-scale power 

plants or chemical plants. There’s a capex effi ciency 

and speed that I think is being recognized in renew-

ables. I think it’s approaching a scale that these large 

companies can understand. Now the renewable com-

panies are getting big enough and their balance sheets 

are strong enough that they start to feel more comfort-

able with the fact that they’ve matured and maybe have 

a little more business savvy under their belts. The oil 

companies can imagine them being a portion of their 

portfolio in a way that’s not only meaningful but would 

fi t well.

E&P: In addition to Total and Enbridge, what are some other 

companies that you are aware of that really seem to be taking a 

keener interest in incorporating renewables into their portfolios?

Jester: Shell has been looking at getting back into some 

of the wind activity. They have the New Energies divi-

sion and are looking at low-carbon ways of making elec-

world
VIEW

A diversifi ed portfolio 
Some oil and gas companies are becoming true energy 

companies by investing in renewables.
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tricity. A lot of these big names are starting to look at 

how they can participate, and again I think wind will be 

a piece of it because the scale of wind, particularly off-

shore, seems to fi t well with the kind of scale that these 

large companies do. 

I might add, too, that the fact that investors are start-

ing to pay more attention to climate-friendly investments 

is something that companies are aware of. These large 

companies are going to be held accountable.

E&P: I know the industry already is availing itself of renew-

able energy to power its operations. 

Jester: The truth is the oil and gas business had some of 

the early applications for solar panels. I remember in the 

late 1970s and early 1980s we were installing panels on 

long-run pipelines for cathodic protection. It’s a beau-

tiful fi t for that. Oil and gas companies were one of the 

fi rst adopters of solar panels for that kind of use. 

E&P: The oil industry has such a terrible reputation, at least 

in the U.S. What will it take to change the public perception 

of them as these horrible polluting, don’t-care-about-the-envi-

ronment kinds of companies?

Jester: Some of these 

steps they are taking will 

help as long as they’re 

serious about it. And I 

believe they are—that 

investing in the growth 

of these renewable busi-

nesses in a serious way 

will help their profi le. It 

would be silly to think 

that they would switch 

from a carbon-based 

company to a non-

carbon-based company 

anytime soon, but I 

think it’s an evolution, 

and there will be con-

tinued looks and actual 

investments in the cap-

ital needs of the renew-

ables businesses. In that 

way they can show that 

they are sincere about 

looking at the future. 

To think that the world 

can survive without a 

carbon-based energy source anytime soon is just not realis-

tic. It’s going to be a portfolio of solutions, one of which is 

going to continue to be carbon-based. Meanwhile, provid-

ing capital is a great way for them to improve their image 

and their ability to convince the world that they’re serious 

about being in the energy business in the long run.

E&P: I just worry that with the downturn in oil prices, investing 

in a renewables company may not be at the top of their agenda.

Jester: That’s true. It’s always about timing. But a lot of 

times the kind of capital these companies need is small 

compared to the other things the oil companies do. 

As this industry stands on its own two feet without big 

subsidies and as the oil industry gets healthier, these 

companies will have money to put into diverse portfolios 

in energy. I think there will continue to be recognition 

of the growth of renewables within these large oil fi rms. 

Renewables will be an augmentation to the oil compa-

nies’ portfolios, not a replacement. 

E&P: So time will tell, won’t it?

Jester: Yes, it’ll be interesting to watch. 
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Silicor Materials provides a lower cost form of silicon to companies that make solar panels. 
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Richard Mason, Chief Technical Director

I
f it looks like a DUC, walks like a DUC and quacks like 
a DUC, is it still a drilled but uncompleted well? 
Drilled but uncompleted (DUC) wells have been 

the talk of the industry since 2015. Everyone knows 
DUC wells are out there; certainly E&P companies tell 
us so. But few can tell us how many DUC wells exist 
industrywide. There are DUC wells, and there are 
abnormal DUC wells—and those numbers differ. The 
first is the inventory of wells that are a normal part of 
the drilling and completion cycle. A single rig gener-
ates enough new wells to keep two completion crews 
busy so there is a natural delay in well completion. 

Abnormal DUC wells occur over and above the nat-
ural drilling and completion 
cycle. With pad drilling, all 
wells are drilled before the rig 
moves off and the completion 
crew moves in. Crews com-
plete wells at the rate of six to 
seven stages per 24 hours on 
plug-and-perf operations and 
can spend 30 days on a four-
well pad, which means the 
normal course of completion 
can exceed 90 days between 
the first well drilled and the final well completed. 
That’s when the clock starts on abnormal DUC wells. 

Evidence for the general state of confusion for 
DUC wells is found in the variety of estimates extant.
Numbers range from 2,300 (abnormal DUC wells) to 
8,400 (all DUC wells). For perspective, the land drilling
industry in the Lower 48 generated about 7,000 hori-
zontal laterals over the one-year period ending Sept. 30. 
Depending on which number one accepts, the estimat-
ed DUC backlog implies an inventory that ranges from 
four to 14 months of backlog in completion activity.

In September the U.S. Energy Information 
Administration (EIA) debuted its own DUC estimate 
as a companion to its Drilling Productivity Index. The 
EIA estimates there are 5,000 total DUC wells. The 
good news is the inventory is falling. The bad news is 

the inventory represents a 10-month DUC supply over 
and above current drilling and completion levels.

The industry might be batch-drilling wells on pads 
as a standard operating procedure, and the number 
of wells per pad might be rising, but the pace of batch 
completions is not following suit. Reports from oil-
field service providers as part of Hart Energy’s Heard 

in the Field survey program indicate zipper fracture 
share varies by region. Zipper fracture share is higher 
in Appalachia, for example, but lower in hard-hit oily 
markets like the Eagle Ford or Bakken shales.

Zipper fractures serve as a proxy for batch comple-
tions. A share lower than 50% implies rising DUC 
inventory. For the first three quarters in 2016, a com-
posite share of zipper fractures nationwide has been 
stalled at 45%. Individual regional reports indicate the 

DUC inventory follows the ebb 
and flow of commodity price, 
with operators getting more 
active on completing DUC 
wells as oil approaches $50 
and losing momentum when 
oil drops below $45. 

The good news is that zip-
per fractures provide a 10% 
to 15% reduction in cycle 
time for horizontal comple-

tions, and that might hasten 
the rate at which the industry works through the 
backlog, assuming commodity prices cooperate. 

A combination of crowd-sourced information and 
estimates from the EIA’s DUC report suggests there 
are about 100 well stimulation crews working nation-
wide. A definitive number remains a challenge since 
crews and equipment are working interchangeably 
across regions. EIA data indicate crew count in the 
major tight formation plays peaked at 285 in late 2014.  

There has been gradual incremental increase in 
well stimulation pricing, partly because service pro-
viders are no longer pursuing predatory discounting. 
Additionally, some bulk materials such as 100 mesh 
sand are in tight supply in areas like the Permian 
Basin, supporting a modest increase in per-stage 
pricing. It indicates recovery is closer.  

Turning the corner on DUCs 
Recovery might be closer, but batch completions still not keeping  

up with batch drilling.

n Challenges exist in identifying 
the inventory of DUC wells.

n Operators are still completing 
more wells solo rather than as 
batch completions.

n Per-stage pricing in well  
stimulation is moving  
incrementally higher. 
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I
t seems that every once in a while a new idea comes 

along that makes people slap themselves in the fore-

head saying, “We’ve been doing this wrong for HOW 

long?” When it comes to multicomponent seismic, a 

new company named VertiShear might just set the 

forehead-slapping into motion.

Let’s look at standard multicomponent seismic 

acquisition. To acquire the true full elastic wavefi eld, 

contractors have been combining three-component 

geophones with three sources at every source station. 

This creates a true nine-component dataset. And it’s 

ridiculously expensive. But it’s still considered the only 

way to get a true full elastic wavefi eld dataset.

Dr. Bob Hardage at the Bureau of Economic 

Geology at the University of Texas-Austin had a dif-

ferent idea. After years of looking at vertical seismic 

profi le (VSP) data, which is typically acquired using 

a standard vertical vibrator, he began to notice an 

additional wave embedded in the data along with the 

downgoing compressional (P) wave.

“The way to fi gure out where that wave came from 

was not easy because rarely did anyone record VSP 

data where the receivers went all the way to the earth’s 

surface,” Hardage said. “There was always an interval 

of a couple thousand feet or so where you had no 

data. You just had to speculate what went on.”

He began to collect data in which the receivers 

did go all the way to the surface and found that the 

downgoing P wave and shear (SV) waves converged at 

the source point. Was it possible that vertical vibrators 

could generate shear energy?

To test his theory Hardage used the university’s 

test site to use every kind of source available to the 

industry. The results were impressive. “What the test 

data show is that every source we call a P-wave source 

generates far, far more shear wave energy than 

P-wave energy,” he said. “We’re talking factors 

of fi ve.”

This discovery roughly coincided with a love 

note from the president of the university ask-

ing his research folks to start commercializing 

more of their technologies. Hardage applied for 

several patents (he’s received four so far) and 

released VertiShear, a commercial technology 

company that works with seismic processing 

companies to apply the new technique. 

The beauty of the discovery, of course, is 

that there are enormous databases full of leg-

acy 3-D data. “That shear wave information is 

embedded in those data, and it’s ripe for the 

picking,” Hardage said. “If you want to lower 

the cost, then I don’t know of any way to get 

the cost lower than not even recording the 

data, just leasing it out of a 

data library.”

For more information, 

visit vertishear.com. 

Read more commentary at 

EPmag.com

RHONDA DUEY
Executive Editor 

rduey@hartenergy.com

Finding hidden treasure 
New methodology fi nds shear information in P-wave data.

The SV-P image (SV down and P up) shows evidence of karst collapse 

that is not revealed by the P-P image (P down and P up). Both images 

were extracted from the same vertical geophone data. SV-P data 

embedded in legacy P-source surveys are far more sensitive to fractures 

and faults than P-P data. (Source: VertiShear)
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F
or August 2016 Patterson-UTI Energy Inc. 
reported an average of 60 drilling rigs operating 

in the U.S. The company’s rig count has increased 
by 11 units since late April. It is one of the signs of 
“cautious optimism” that U.S. land drillers are point-
ing to as the Baker Hughes rig count continues its 
slow climb upward.

Helmerich & Payne’s President and CEO John Lind-
say said in a fi scal third-quarter release, “Even though 
oil prices have pulled back over the past several weeks, 
it is encouraging to still see signs of optimism in the 
market. In May the BHI [Baker Hughes] U.S. land rig 
count troughed at 380 rigs and has since increased 
from what everyone hopes was the absolute bottom of 
this market cycle. 

“Recently, some E&P companies have announced 
budget increases and rig count additions. It is a posi-
tive sign, but many still remain on the sidelines. Time 
will tell whether momentum is truly building in the 
market; a few datapoints do not make a trend.”

Kevin Neveu, president and CEO of Pre-
cision Drilling, said in the company’s 
second-quarter 2016 report, “Our cus-
tomers appear to be looking beyond 
the oil price lows of earlier this 
year, resetting spending to current 
commodity price levels and begin-
ning the early stages of planning for 
improved longer term fundamentals.”

For Sept. 30 the Baker Hughes U.S. 
land rig count was up nine rigs to 497. 
There’s still a huge gap in where the 
rig count was and where it is now. 
As Helmerich & Payne noted in a 
presentation at Barclays 2016 CEO 
Energy-Power Conference in Sep-
tember, more than 1,400 rigs have 
been idled in the U.S.  

“Nevertheless, as oil and gas prices recover, the mar-
ket is displaying some early signs of optimism,” the 
company said.

What other signs of optimism are there? Patterson-UTI 
reported Sept. 14 that it entered into an agreement to 
acquire Warrior Rig Ltd., a Calgary-based company that 
designs, manufactures and services high-specifi cation rig 
components, with a recent focus on top-drive technology.

Patterson-UTI’s CEO Andy Hendricks stated, “This 
acquisition will enhance our competitive position 
within the high-spec rig market and expand our tech-
nology portfolio.”

The company also pointed out that it expects to 
spend about $200,000 per rig in reactivation 

costs, and the company is reactivating 
rigs and rehiring. The company added 

that about 90% of recent hires are 
former employees.  

Helmerich & Payne expects to see 
an increase in revenue days between 
3% and 7% during the fi scal fourth 
quarter. As of Sept. 7, the company 

had 94 land rigs contracted, with the 
majority of the rigs in the Permian 

Basin (44 rigs), Oklahoma Woodford 
(20 rigs) and Eagle Ford (15 rigs).

“Our drilling fl eet totals 94 drilling 
rigs, of which 16 are working under 
contract after rebounding from a low 
of 13 drilling rigs during the second 
quarter,” said Unit Corp. CEO and 

President Larry Pinkston Aug. 4.
Perhaps spring is just around the 

corner and the drilling industry will 
once again be blooming. 

Drilling contractors see ‘cautious 
optimism’ as rig count moves up
Drilling contractors are reactivating rigs and rehiring former employees—
both signs of shifting momentum in the market.

Read more commentary at 

EPmag.com

SCOTT WEEDEN
Contributing Editor

slweeden@hartenergy.com

Helmerich & Payne expects an 

increase in revenue days between 3% 

and 7% during the fi scal fourth quarter. 

(Source: Helmerich & Payne Inc.)
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T
he place is here, the time is now and you’re tasked 

to journey into the darkness of deep water. Down 

there, in the vastness of the void, stand the great yel-

low giants that are at work producing and processing 

hydrocarbons fl owing from ever greater depths. Your 

only map to guide you from the wellhead to the other 

subsea components is either a 2-D drawing or a 3-D 

model of what the fi eld should look like post-installa-

tion fi ve years ago. But does it? 

ROVs made deepwater journeys possible, but recent 

advances in tools have made the underwater work-

horses more functional. For example, a company 

out of Boulder, Colo., built a system that makes a 

survey method known as light detection and radar 

(LIDAR) possible on the seafl oor using ROVs. The 

company, 3D at Depth, uses subsea laser scanning to 

create accurate 3-D mod-

els that support subsea 

construction, retrofi t and 

inspection processes. With 

subsea LIDAR it is now 

possible to confi rm that a 

subsea fi eld matches the 

3-D post-installation model 

and more. 

The technology was 

developed as a Research 

Partnership to Secure 

Energy for America 

(RPSEA) project. Founded 

in 2002, RPSEA provides 

focused R&D to deploy 

safe and environmentally 

sensitive technology that 

can deliver hydrocarbons from domestic resources. 

The subsea LIDAR project is just one of many 

R&D efforts made possible through government 

funding received as part of the “Ultradeepwater and 

Unconventional Natural Gas and Other Petroleum 

Resource Research and Development Program” 

authorized by the Energy Policy Act of 2005. The 

10-year program—funded from lease bonuses and 

royalties paid by the industry to produce oil and 

gas on federal lands—was designed to assess and 

mitigate risk, enhancing the environmental sustain-

ability of oil and gas E&P activities. 

In late September the consortium released its strategic 

plan for 2016 and beyond for managing and growing 

the organization’s capacity to conduct research on the 

biggest technical challenges facing the oil and gas indus-

try today and into the future. The program will continue 

to focus on onshore and 

offshore challenges.  

“We have an enormous 

opportunity to provide 

badly needed research 

for addressing the top 

challenges the oil and gas 

industry is facing today,” 

said RPSEA President Tom 

Williams in a press release. 

“This unique consortium 

of oil and gas producers, 

service companies, research 

universities and national 

labs can manage top-notch 

research teams with supe-

rior, specialized skills for 

fi nding technology solutions 

that will lead to commercial successes. This strategic plan 

sets a course for us to fi rmly establish ourselves as the pre-

mier problem solver for the U.S. energy industry.”

This cooperative R&D network of natural gas and 

oil experts has begun pursuing broader sources of 

funding for R&D projects with individual energy com-

panies, associations, joint indus-

try projects, foundations and 

not-for-profi ts, according to the 

press release. 

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Senior Editor, 

Production Technologies

 jpresley@hartenergy.com

Making the impossible possible  
R&D consortium releases its ‘bold new strategic plan to tackle industry’s biggest challenges.’ 

The RPSEA-supported “High Resolution 3-D Laser Imaging for 

Inspection, Maintenance, Repair and Operations” project 

made creating 3-D models of in-place subsea infrastructure 

using a ROV possible. (Source: PixOne, shutterstock.com)
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I
n the early years of this century, U.S. pundits were 

showing charts and graphs indicating that the natural 

gas supplies coming from the Gulf of Mexico were in 

decline and the situation showed no signs of improv-

ing. But a quiet revolution already was taking place.

George Mitchell of Mitchell Energy, who had 

been laboring in the Barnett Shale for several years 

with little success, fi nally found the right recipe of 

horizontal drilling and hydraulic fracturing. And 

it was off to the races. Other shales followed: the 

Haynesville, Fayetteville, Marcellus, Utica, Eagle 

Ford, Bakken, etc. The country’s vast accumulation 

of shales, which had always been studiously avoided 

by drillers in the past, were suddenly being viewed as 

its salvation. When gas prices dropped due to over-

supply, operators went after oil, ultimately leading to 

one of the industry’s most prolonged downturns.

In these pages you’ll fi nd an interview with Steve 

Holditch, whom E&P interviewed 15 years ago when 

unconventional resources were still a glimmer on the 

horizon. Holditch looks back over those remarkable 15 

years and postulates what might be next. We also take a 

look at some of the latest technological breakthroughs 

that help operators drill, complete and produce more 

effi ciently in this low-price environment.

Back to where 
it all began  

And what a long, strange trip it’s been! 

Fifteen years of shale development have 

completely changed the face of the oil 

and gas industry.
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Staff Report

“T ap unconventional reservoirs” was the title of an 

article that appeared in the September 2001 edition 

of E&P. Cited as an E&P Executive Interview, the inter-

viewer talked to Steve Holditch, then a Schlumberger fel-

low, professor of engineering at Texas A&M and incoming 

president of the Society of Petroleum Engineers.

In 2001 few people were considering shale oil as a 

viable resource, so Holditch referred to “unconventional 

gas reservoirs” or “UGRs.” Even then he was able to dis-

cuss the problems that operators would soon be plagued 

with while attempting to produce these reservoirs.

“The problems associated with UGRs are varied and 

dependent on geologic and other factors,” he said. “In 

tight gas reservoirs and gas shales, the biggest problems 

are low permeability and reservoir compartmentaliza-

tion. In most cases, finding the gas is the easy part. The 

difficult part is finding the most permeable portion of 

the reservoir, called the ‘sweet spot.’”

The industry has heard quite a bit about these sweet 

spots since, and finding them is still one of the most 

challenging aspects of developing shale reservoirs. We 

caught up with Holditch recently and asked him to 

discuss where we’ve come since 2001 and where we’re 

likely to go next.

E&P: Since your last interview with us, what has been the 

most meaningful change in how the industry has developed 

unconventional reservoirs during the past 15 years?

Holditch: Fifteen years ago the industry was drilling ver-

tical wells and pumping fracture treatments in one or 

more reservoir layers, mainly looking for natural gas. In 

2016 the industry routinely drills horizontal wells 1 mile 

or 2 miles [0.6 km to 1.2 km] long, pumping 20 to 30 

(or more) stage fracture treatments and mainly looking 

for oil. What the industry is doing in 2016 is totally dif-

ferent than in 2001.

E&P: How has our level of understanding and knowledge 

about unconventional reservoirs evolved?

Holditch: The level of understanding the industry has in 

2016 compared to 2001 is remarkably better in almost 

every aspect of oil and gas development. In 2001 many 

companies were looking at unconventional gas and drill-

ing vertical wells looking for ‘sweet spots,’ sometimes 

using 3-D seismic to locate wells. However, most wells 

were drilled on a pattern to hold acre-

age, and the sweet spots were found 

by just drilling more wells. It also was 

believed that we could mainly pro-

duce natural gas from shale reservoirs 

because crude oil was too viscous to 

flow from the shale matrix into the 

fracture and then into the wellbore.  

In 2016 most companies developing 

shale reservoirs are actively targeting 

oil in the shale formations and cre-

ating their own flow paths from the 

matrix into the hydraulic fractures. 

They do this by creating a network of 

fractures and opening natural frac-

tures by pumping 20 to 30 or more 

large-volume fracture treatments 

down a long horizontal wellbore. 

Companies also are using 3-D seis-

mic and 3-D earth models to better 

Shales: a look back       
E&P first began writing about shales 15 years ago. A lot has changed since then.
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The resource triangle, first depicted in 2001, is still an accurate description of the  

distribution of natural resources. (Source: Steve Holditch)
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understand the layers in the formations that 

are the most productive and the layers that 

control fracture height growth. Companies use 

the 3-D information to place the horizontal 

wells into targeted layers. The companies also 

are using microseismic information to better 

understand where and how induced fractures 

grow and interact with the layers. 

E&P: Was the level of difficulty in recovering 

resources from unconventional reservoirs greater 

than predicted/estimated? What has happened 

between 2001 and now that has surprised you or 

that you didn’t expect?

Holditch: It was clear in 2001 that a lot of nat-

ural gas was trapped in tight gas sands, coalbed 

methane and shale reservoirs. Research into 

the distribution of natural resources clearly 

shows that we have more than 100 years of nat-

ural gas supply in unconventional reservoirs if 

the gas price is high enough and the infrastruc-

ture, such as pipelines and markets, exists near 

the gas deposit. As the industry transitioned 

from drilling vertical wells in gas reservoirs like the Bar-

nett Shale, Marcellus Shale and Haynesville Shale, and 

as the horizontal well lengths increased, the increase in 

gas flow rates and ultimate recovery was surprising. I do 

not believe anyone truly predicted what would happen 

with gas well productivity during 2001, but as the indus-

try kept drilling and kept innovating, the results just 

seemed to keep getting better.

Even with the improvements in natural gas recovery 

in the mid-2000s, I do not think many people thought 

we could produce oil from these nano-Darcy reservoirs. 

To me the most surprising result in the last 15 years 

is how much oil the industry is producing from the 

Bakken, the Eagle Ford and in the Permian Basin from 

shale formations. Many of these formations have long 

been considered the source rocks. In the 1970s and 

1980s everyone knew the source rock for the Austin 

Chalk Formation was the Eagle Ford. No one that I 

knew could have predicted the Eagle Ford source rock 

would turn out to be such a productive reservoir.  

E&P: Did you anticipate just how crazy things were going to 

get in unconventionals?

Holditch: No, I did not predict how ‘crazy’ things would 

get in the development of unconventional reservoirs. 

However, the U.S. is the hotbed of entrepreneurship in 

the world. Our culture allows us to develop technology, 

develop business plans and take risks. So looking back, 

it is not surprising that hundreds of companies were 

formed or focused their business on developing shale 

reservoirs. My guess is some of the companies wish they 

had not grown so fast and/or used less debt for growing 

their business. 

E&P: What was the greatest/most difficult obstacle to over-

come in recovering resources from unconventional reservoirs? 

Holditch: I am not sure there was a single obstacle to 

overcome but a series of obstacles that are interrelated. 

The key to success has been the ability to drill long hor-

izontal wells and then to fracture-treat the wellbore with 

20 or more stages. To drill the long horizontal wells, 

we had to have improvements in rigs, drillbits, drilling 

mud, MWD, steel metallurgy and geosteering—to name 

a few of the technologies. To fracture-treat these long 

horizontal wells, we had to build hundreds of new fleets 

of fracture treatment pumping equipment, develop 

techniques to isolate stages in the borehole, learn the 

best fluids to pump and develop new sand mines to 

keep up with demand.

The biggest obstacle might have been the logistics of 

organizing all the equipment and people required to 

support the hectic pace of the past 10 years.
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Water falls downward over shale rock in Watkins Glen State Park, N.Y. Shale  

outcrops can be attractive, but until recently subsurface shale was considered  

a drilling hazard, not a drilling target. (Source: MH Anderson, Shutterstock.com)
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E&P: What ‘low-hanging fruit’ remains for technologists to 

pick when it comes to unconventional reservoirs? 

Holditch: The obvious target for ‘low-hanging fruit’ is 

refracturing, but it is not really that easy to do. Sure, we 

can pump refracture treatments in existing wells and 

use particulates to try to divert the stages from one set 

of perforations to another. However, it is doubtful that 

a large refracturing campaign would be overwhelmingly 

profitable. A few wells may produce large increases in 

production, but most will not. The service companies 

need to develop new technology to isolate portions of 

the wellbore to be refractured so the treatments can be 

targeted to specific locations. Once such technology is 

developed, then refracturing could be more profitable. 

The key will be developing a ‘tool’ to isolate part of the 

wellbore and have it designed so it does not become 

stuck in the hole because of the proppant.

E&P: What are the obstacles or ‘next-level hanging fruit’ that 

the industry will encounter (e.g., EOR, artificial lift, monitor-

ing, etc.)?

Holditch: I am not hopeful any EOR method will 

emerge anytime soon. It is difficult to make money with 

EOR in permeable reservoirs. The only EOR method 

that has some opportunity would be using a chemical 

to dislodge oil in small pores in a ‘huff-and-puff’ opera-

tion. Most experts believe we are only recovering 5% to 

10% of the oil in place with our current development 

strategies. As such, there could be substantial volumes of 

oil still trapped in the reservoir near the horizontal wells 

that could be the target for any EOR method.

I think a more realistic view might be ‘targeted infill 

drilling’ on the basis of better monitoring. The industry 

needs to improve technology such as 3-D seismic, micro-

seismic, tracer technology during and after fracture 

treatments, use of fiber optics to measure pressure and 

temperature along the wellbore both during and after 

the fracture treatment, and better models to interpret 

all the data obtained during monitoring. With better 

analyses, the industry will be able to target specific areas 

for infill drilling both by layer and areal extent. 

If we learn more about where (which layers) the 

hydraulic fractures grow and more about the length 

and conductivity of these hydraulic fractures, we will 

most likely find that all of the layers in these forma-

tions that are hundreds or thousands of feet thick are 

not being drained efficiently. Once we can determine 

what part of the layered reservoir is being drained by 

existing wells, we can then develop an infill drilling 

plan to tap into the rest of the reservoir that is not 

being drained. 

E&P: Will this unconventional drive eventually spread glob-

ally? Despite much talk of it in recent years, the activity inter-

nationally has been disappointingly sparse.

Holditch: There is no doubt in my mind that uncon-

ventional reservoirs containing enormous volumes of 

oil and gas exist in every oil and gas basin in the world. 

When a basin has produced a lot of oil and gas, it must 

have source rocks to have generated the oil and gas 

now trapped in the conventional rocks. In the U.S. 

we are essentially producing oil and gas from what we 

have always considered source rocks. So every oil and 

gas basin in the world has source rocks that can be pro-

duced in the future. Obviously, the key will be demand, 

price and infrastructure. The largest obstacle so far has 

been infrastructure.  One has to have the markets, the 

legal structure, the pipelines/transportation, the rigs, 

the fracturing equipment and the people who know 

what they are doing for the successful development of 

an unconventional reservoir, even after the productivity 

of the reservoir has been established.  

E&P: The 2001 article highlighted your thoughts 15 years ago, 

which were remarkably accurate in light of what happened in 

the following years. Where do you think the shale industry will 

be in another 15 years? Can you paint a picture for us?

Holditch: As long as the world population continues to 

increase and the people on Earth want a higher standard 

of living, we will need more energy. Western civilization 

is becoming more energy-efficient and is using more 

renewable energy. However, in most of the world there 

is a lack of energy for improving the standard of living. 

So I am assuming that the predictions that the demand 

for energy—and specifically oil and gas—will continue to 

increase for 40 years or more is a valid view of the future. 

Given the assumption of an increase in global 

demand, I believe the oil and gas industry will continue 

to find and develop the supply. It is clear that the oil we 

will need will not come from new discoveries in conven-

tional reservoirs. The oil the world will need will come 

from unconventional reservoir development such as 

shale and even the heavy oil from Canada and 

Venezuela. However, I think the development of oil and 

gas from shale formations is just beginning, both in 

North America and elsewhere in the world. Never 

underestimate the entrepreneurial nature of those in 

the oil and gas business. 
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The North American shale landscape has trans-

formed over the last several years as the industry 

has ridden the waves of price volatility and has fi nal-

ly hit its fi rst major downcycle for shale producers. 

Notable basins throughout the U.S. have remained resil-

ient, such as the Permian and the Marcellus, but there 

have been drastic declines in other smaller basins. 

Operators across the industry are turning to a strategy 

that is heavily weighted toward optimizing completions, 

focusing on best practices for increasing well recover-

ies while still making efforts to drive down costs.

Production in North America as a whole has materi-

ally dropped over the past couple of years. Given the 

drop in commodity prices, the production has naturally 

been slowing down from the historic gains the U.S. was 

experiencing relating to the “shale gale.” While the 

natural gas basins have not declined quite as much on 

an equivalent basis, several notable oil and liquids-rich 

areas have taken some rather large hits, with some 

reports noting declines in a few of the smaller plays of 

more than 80%. This often has been coupled with many 

of the existing operators declaring bankruptcy or sell-

ing out of their producing assets altogether.

Notwithstanding the drop in production, “shale 

resiliency” often is referenced when considering 

global oil and gas markets post-price collapse. 

While reported fi gures have shown a clear turn for 

the worse, especially in certain plays, the consolidat-

ed impact is markedly less catastrophic than the dire 

predictions for which many in the industry had been 

bracing. As illustrated in Figure 1, total production 

in 2016 is expected to close out about 5% lower than 

2015 levels. Compared to the massive increases to 

which the world had grown accustomed, this drop 

is indeed material. However, given that prices have 

been cut in half, a decline of a mere 5% is something 

to respect, if not applaud.

With respect to the oil plays, it is of little surprise 

that the best results show up in the Permian, Eagle 

Ford and Bakken plays. Today’s oil price of about $50/

bbl should support at least a meaningful number of 

economic wells in those plays.

US shale operators focus on 
completion optimization, 

best practices
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FIGURE 1. Total shale production is anticipated to end 5% lower than last year’s levels. (Source: Stratas Advisors)
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Roy Callison, Weatherford

T
he prolific shale plays that span the U.S. have been a 

game changer for the oil and gas industry, with techno-

logical advances and a decade of lessons learned creating 

more opportunities than ever to drill wells successfully.

However, these complex basins continue to present 

a host of drilling challenges, including uncertainty as it 

relates to pore pressure and fracture gradient, heteroge-

neous geology, narrow drilling windows and pressurized 

fractures. Such characteristics increase the risk for gas 

kicks and losses, resulting in safety issues, high opera-

tional costs and nonproductive time (NPT). To mitigate 

these hazards, operators are increasingly embracing 

drilling strategies that go beyond the limitations of con-

ventional methods to provide the certainty they need to 

drill wells efficiently, economically and safely.

Among the drilling techniques proving beneficial 

in shale plays is managed pressure drilling (MPD), a 

closed-loop drilling technique that enables the driller 

to monitor wellbore pressure profiles and rely on the 

system to automatically adjust surface backpressure as 

needed throughout the operation. The approach, which 

has been applied in land and offshore wells worldwide, 

is increasingly being adopted by operators to drill gas 

wells in the diverse Utica Shale, stretching across areas 

of Ohio, Pennsylvania and West Virginia. 

Well profiles in the area are typically designed so 

that the target center line of the horizontal section 

lands in the Utica, Point Pleasant and Lexington shales. 

Depending on the location, total vertical depths range 

anywhere from 2,591 m to 3,597 m (8,500 ft to 11,800 

ft), with wells being shallower on the Ohio side and 

becoming deeper moving east toward Pennsylvania and 

West Virginia. 

Geological challenges in the area have presented 

multiple issues when using a conventional overbalanced 

drilling approach and high mud densities, with wells 

experiencing kicks as high as 70 bbl to 80 bbl and often 

resulting in significant NPT.

Several operators have adopted MPD as the preferred 

method to drill wells in the Utica to address these issues. 

MPD emerging as preferred  
drilling method in Utica Shale      

Technology improves efficiency and reduces NPT.

MPD technology enhanced the operational efficiency, economic  

feasibility and personnel safety in the Utica Shale plays.  

(Source: Weatherford)
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Between 2015 and mid-2016 24 horizontal shale gas 

wells have been drilled using the Weatherford MPD 

system, engineered with two key features that are espe-

cially critical in shale gas applications. First, an advanced 

Coriolis flowmeter detects kicks and losses very early 

before they can escalate into serious well control prob-

lems. Secondly, an automated choke manifold provides 

precise control over and instantaneous adjustments to 

bottomhole pressure (BHP) conditions. In this way,  

the system gives operators flexibility in overcoming  

drilling hazards related to formation heterogeneity,  

geological and pressure uncertainties, and the presence 

of natural fractures. 

Constant BHP
In selecting a strategy for managing the wellbore pressure 

profiles of the Utica wells, many operators have deter-

mined that applying the MPD variation of constant BHP 

(CBHP) is the optimal solution. The Weatherford Micro-

flux control system maintains CBHP while also identify-

ing and mitigating drilling hazards. The system’s ability to 

minimize pressure fluctuations while making connections 

reduces the risk of wellbore integrity problems and for-

mation ballooning and enables drilling through narrow 

pore pressure/fracture gradient windows.

At the same time the system automatically detects  

and controls early kicks and losses within gallons. In  

the event of a kick, the system quickly reacts by com-

pensating with the pressure needed 

to recover from an overbalanced 

state, all within the necessary safety 

margin. BHP is automatically adjust-

ed by closing the hydraulic chokes 

to increase surface backpressure, 

minimizing the size of the kick 

that must be circulated out without 

shutting in the well. It automatically 

reduces surface backpressure to 

minimize formation damage if the 

system detects a loss.

An important enabler of the tech-

nology is the rotating control device 

(RCD), which is installed above the 

rig’s BOP stack to contain and divert 

annulus fluids at surface, a critical-

ly important and demanding task 

in MPD operations. Several RCD 

models are available, each touting 

different pressure ratings to accom-

modate a wide range of wells with 

varying pressure profiles. Compatible 

with various drilling techniques, including MPD, the 

RCD diverts well effluent through a dedicated choke 

manifold. The process ensures that HSE issues are avoid-

ed during the drilling operation. 

The MPD operations in 2015 and 2016 were conduct-

ed in four zones in the Utica, with 22 of the jobs in east-

ern Ohio’s Noble and Monroe counties. Additionally, 

two wells were drilled in the deeper area of the Utica: 

one in southwestern Pennsylvania, the other in north-

western West Virginia.  

The overall drilling strategy for all the wells was to mit-

igate potential problems related to kicks and losses by 

keeping the equivalent circulating density steady—above 

the estimated pore pressure and below the estimated 

fracture pressure—during dynamic and static condi-

tions. Operators also wanted the ability to detect early 

kicks and losses; this was achieved by measuring return 

volumetric rates and adjusting bottomhole conditions 

instantly using the MPD choke to limit influx volumes 

when natural high-pressure fractures were crossed.  

Lower mud densities
The flexibility of the MPD control system enabled 

operators to safely lower drilling fluid density with oil-

based or synthetic oil-based drilling fluids to effectively 

lower overbalance levels; doing so optimized ROP and 

prevented formation damage caused by fluid invasion. 

Appropriate levels of surface backpressure were applied 
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The operator’s choice to employ MPD techniques drastically reduced NPT across a 24-well 

campaign in the Utica Shale. (Source: Weatherford)
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to minimize BHP fluctuations during pump-on/off con-

ditions when making connections to lower the risk of 

hole stability issues. 

MPD section intervals ranged from 2,286 m to 4,877 m 

(7,500 ft to 16,000 ft), with most drilled in hole sizes from 

8 ½ in. to 8 ¾ in., usually with rotary steerable system 

bottomhole assemblies. Mud densities as determined by 

formation pressure and geological uncertainty ranged 

from 11.2 parts per gallon (ppg) to 16.3 ppg, with most 

in the 12 ppg to 13 ppg range. In the Pennsylvania sec-

tion, which was drilled from 3,276 m to 5,588 m (10,749 

ft to 18,333 ft), a total of about 2,312 m (7,584 ft), the 

operator switched to water-based mud due to severe losses 

encountered while crossing a naturally fractured interval.

Conclusions from the field

Overall, Utica operators have significant improvements 

in drilling efficiencies and operational savings when 

using MPD, enabling them to reach target depths and 

overcome hazards related to geological and pressure 

uncertainties in the play. The ability to continually mon-

itor potential kick and loss events while optimizing drill-

ing performance has resulted in continued adoption of 

MPD throughout the play.

ROP for the 24 wells ranged from 12.2 m/hr to 61 

m/hr (40 ft/hr to 200 ft/hr), with interval durations 

averaging five to 10 days. The longer drilling campaigns 

were the result of issues such as stuck pipe, downhole 

tool failures and pipe twist-offs. 

Out of the 24 MPD wells drilled to date in the Utica, 

only 0.1% of NPT was related to MPD; most of the NPT 

was incurred replacing RCD bearing assemblies that 

failed because of top drive vibration and improper BOP-

rotary table alignment. The use of lighter mud densities, 

resulting in lower overbalance levels, led to improved 

ROP without incurring any well control events or signifi-

cant mud losses.

Additional deployments of the automated MPD system 

are being planned in the Utica for 2017. The system also 

is being implemented in two other U.S. shale plays. 
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T
housands of wells require 10,000-psi rated fracture 

plugs that can be installed in the wellbore so that 

cluster perforating operations can be carried out prior to 

hydraulic fracturing. Today’s operators can select from 

myriad low-cost composite plugs that are milled after the 

fracture or from several types of higher cost plugs com-

posed of materials designed to dissolve at downhole tem-

peratures in a variety of completion fluids.

Research conducted by Qittitut Consulting with 10 

U.S. operators and consultants who have expertise in 

plug-and-perf (PNP) completions reveals composite 

fracture plugs have a proven track record of continuous 

improvement in pumpdown speeds, drill-out time and 

water usage. Dissolvable plugs, however, have not yet 

lived up to their initial promise to reduce the total cost 

of completion operations, and some experts are skepti-

cal of claims that these high-tech plugs always do disap-

pear without impeding flowback or production.

Composite fracture plugs the standard
Composite fracture plugs have been used since the late 

1980s. Initial composite plug designs were based on leg-

acy cast iron bridge plugs installed in vertical wells that 

were completed in one or two zones. The first plugs had 

many component parts, including cast iron and tung-

sten components and metal rings, in addition to the 

composite material, which was frequently made from 

layered sheets of composite. With the advent of multi-

stage horizontal fracturing, easily drillable composite 

fracture plugs became essential components of uncon-

ventional well completions.

Operators and service companies with experience 

in U.S. shale plays estimate that 80% of wells are com-

pleted in stages using the PNP method. A plug, setting 

tool and perforating gun string are lowered on wireline 

and then pumped down into the well; a plug is set, the 

stage is perforated in several places called clusters, and 

the wireline is removed so pumping operations can 

commence to fracture through the perforations into 

the adjacent rock. This process is repeated a few times 

in a vertical well and from 20 to 70 times in a horizontal 

well. After the fracture the plugs are drilled out with 

a bit on jointed pipe or by coiled tubing (CT) with a 

downhole motor and bit. The debris from the milling 

operation is circulated out of the well, and flowback 

and production begins.

For efficient PNP operations, the plugs, setting tool 

and guns must be run quickly without “presetting” 

before reaching target depth. Water volume and horse-

power for pumping the plugs downhole should be min-

imized. Plugs should hold 8,000 psi to 10,000 psi during 

Composite vs. dissolvable  
fracture plugs      

Uptake on dissolvable plugs might be slow until some important questions are answered.

A typical dissolvable fracture plug design (left) vs. a composite 

fracture plug (right) is shown. (Source: Qittitut Consulting)
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fracturing. To minimize overall completion costs, the 

plugs should drill out quickly and leave only small cut-

tings that do not cause the CT to stick so that time-con-

suming short trips are minimized.

In the past few years a few composite plug suppliers 

have improved their designs to meet these goals by intro-

ducing shorter plugs with better composite materials; 

fewer parts and less metal content; and fluid propulsion 

rings that accelerate running times, minimize or elimi-

nate presets, improve pressure ratings, and reduce drill-

out time. In one operator’s wells studied in the Permian 

Basin these improvements have reduced PNP and frac-

ture completion times from eight days to four days. 

Completion engineers and consultants said high-perfor-

mance plugs require less water and can be safely pumped 

down at speeds exceeding 24 m/min (80 ft/min) without 

risk of a preset. Drill-out times with these plugs are highly 

predictable and range from 7 to 12 minutes per plug.

Dissolvable plugs viewed as promising  
but unproven
Four large service companies and a few smaller spe-

cialized suppliers have released disintegrating metal 

alloy fracture plugs that promise to disappear entirely 

after the well is fractured. Most designs feature a high-

strength dissolvable metal that is formulated to dissolve 

in completion or formation fluid. These plugs are five 

to 10 times more costly than composite plugs, but their 

value would be considerable if they created reliable 

zonal isolation and truly did dissolve into dust or flakes 

from toe to heel prior to flowback. When the plugs per-

form well, they dissolve within 72 hours, allowing longer 

laterals to be completed and eliminating CT millouts. 

Results experienced by nine operators and one com-

pletion consultant in major U.S. shale plays demon-

strate that dissolvable plugs don’t always disintegrate 

quickly and in some cases take 10 to 15 days to fully 

dissolve. Delays like this defer production, so the loss 

in revenue is greater than any potential savings from 

reducing millout runs. Well-publicized successes also 

have been documented in technical papers and press 

releases, but the majority of operators interviewed in 

the study are using composites and only running dis-

solvable plugs in a limited number of wells. On these 

wells, the operators still require a CT cleanup run to 

remove proppant and residual debris from the well.

Of great concern to some operators is the lack of 

understanding of the impact of dissolving plugs on the 

effectiveness of the fracturing process. Questions that 

must be resolved prior to wider adoption include:

• Will dissolvable plugs withstand 150,000 lb/ft to 

200,000 lb/ft of force during fracturing operations?

• What tests have been conducted to ensure  

zonal isolation?

• How do these dissolving plugs compare to conven-

tional bridge plugs?

• If the dissolving plugs are as dependable as bride 

plugs over a day or two, how fast would they really 

dissolve in the varying temperature, pressure and 

fluid conditions of different fields?

• When the plugs do dissolve, do they always dissolve 

completely prior to flowback?

• If the stages at the toe end are fully dissolved, what 

happens if the stages in the middle of the lateral and 

toward the heel are less and less dissolved?

• If a well flows back at 2,000 bbl/d, at what point do 

the partially dissolved slugs or clumps of materials 

from undissolved plugs flow together?

• Does dissolvable slug material cause packoff in the 

well, no longer allowing fluid to pass and creating 

a situation where the flow is coming from a limited 

number of perforations? Would this condition cause 

excessive sand in flowback or production that would 

require a cleanout trip, reduce the effectiveness of 

the fracture or cause issues with separators?

Since the answers to these questions are not yet well 

understood and the dissolvable materials are much 

more costly than composite plugs, the use of dissolvable 

plugs might have a slow adoption rate and be limited to 

toe-end sections of longer laterals.  
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COMPOSITE PLUGS DISSOLVABLE PLUGS
Track record Extensive, >25 years Limited, 2-3 years

Zonal isolation Proven downhole Proven in laboratory, limited field trials

Debris Small particles circulated out with no known issues Dust or flakes but might form masses if undissolved

40-stage PNP  
completion time

Two to four days with latest composite designs
Four to eight days depending on temperature and 
borehole fluids

Impact on fracture 
performance

Bit trip ensures there are no restrictions to impede flow
Some view as limiting flowback or production if 
undissolved

Cost per plug $1,200 to $2,400 $4,000 to $10,000

This table shows a comparison of composite plugs and dissolvable plugs. Dissolvable plugs are more expensive and lack the track 

record of composites. (Source: Qittitut Consulting)
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Roxy Mounter, WeldFit Energy Group

F
or existing shale plays there are two critical keys to 

success: increasing production flow and manpower 

efficiency and decreasing operating and maintenance 

costs. Those goals can be sidelined by one common ele-

ment: pipeline corrosion.  

According to the Pipeline and Hazardous Materials 

Safety Administration (PHMSA), corrosion was respon-

sible for 24% of transmission pipeline and 20% of gas 

transmission pipeline failures over a 20-year study peri-

od. The PHMSA also reported there are about 482,803 

km (300,000 miles) of onshore gas transmission pipe-

lines and 275,198 km (171,000 miles) of onshore haz-

ardous liquid pipelines that move natural gas, crude 

and petroleum products in the U.S. every day. The fact 

that the pipeline failure rate has not increased signifi-

cantly over a 20-year interval attests to the effectiveness 

of industry efforts at corrosion control using technolo-

gies such as pigging. 

While shale play gathering pipelines are not typically 

regulated like transmission pipelines, the ability to con-

tinuously remove valuable liquids and maintain their 

integrity is just as important. Pigging programs are the 

most economical, and perhaps practical, method of 

reducing the risk of internal corrosion failure that might 

result in environmental damage. Pigging helps opera-

tors meet the daily challenges encountered in the field 

and manage the integrity of gathering pipeline systems. 

If the pipeline is not pigged frequently, the line will 

become susceptible to corrosive acids that eat away at 

the internal surface of the pipeline. This risk can affect 

the environment and surrounding populations as well. 

Challenges with shale plays
Unconventional resource plays represent multiple chal-

lenges and implications for midstream system infrastruc-

ture, particularly around pigging and integrity. This is 

especially true for shale plays producing rich gas that con-

tains significant levels of liquefiable hydrocarbons along 

with methane gas. Liquids can accumulate at low elevation 

points along gathering systems where the high liquid con-

centrations in the gas streams cause significant issues with 

slugging, high differential pressures and corrosion. In 

addition, flow-reducing contaminants such as frack sand, 

Automated pigging  
prevents corrosion       

System provides operators with savings and efficiency for shale production.

In remote South Texas a 24-in. by 30-in. SureLaunch automated 

pigging system is powered by solar panels. For shale plays  

automated pigging addresses issues such as wet gas lines, 

crude oil lines, fracturing contamination, unpredictable fluid 

production, internal corrosion, and increased safety and  

environmental exposure. (Source: WeldFit Energy Group)
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chlorides and spent chemicals can cause flow restriction 
issues in midstream pipeline systems. 

Automated pigging systems are a method and system 
for staging multiple pigs and launching each single 
pig with a fully, semi-manually or manually operated 
system. When used in shale plays, automated pigging 
provides distinct functions that address issues such as 
wet gas lines, crude oil lines, fracturing contamination, 
unpredictable fluid production, internal corrosion, and 
increased safety and environmental exposure. The high 
number of lines to be pigged and the need to pig these 
lines frequently might require the installation of multi-
ple pig launchers.

Automation of pigging systems offers compelling 
economic and environmental benefits when compared 
to traditional manual pigging systems. Traditional man-
ual pigging systems are both time- and labor-intensive. 
A typical pigging system requires the opening and/or 
closing of three major valves, the draining and venting 
of a barrel, and the opening and closing of a closure 
door. In some cases, it can take up to 4 hours for a crew 
to load and launch a single pig, which does not include 
the time to receive and remove the pig. 

Beyond the time and labor constraints there are also 
wear and safety considerations that must be made. 
Automated pigging systems that can stage seven to 10 
pigs at a time substantially reduce the risk of exposure 
to hydrogen sulfide (H2S) during depressurizing of the 
launcher or receiver barrel while loading or uploading. 
The exposure risk is reduced by the number of pigs 
that are loaded and launched after depressurizing the 
launching and receiving system just one time.

Additionally, opening and closing valves several times a 
week can increase the risk of valve seat failure, increased 
maintenance and replacement costs. Frequent cycling of 
the launcher and receiver barrels also can create unnec-
essary safety risks that might include cyclic fatigue of the 
systems and additional exposure to hazardous gases that 
are produced in many of the shale plays.

Routine pigging prevents liquids from accumulating 
and helps to maintain continuous production levels. It 
offers control on the volume of liquids that are removed 

at any one time and sustains well 
production at consistent capacity. In 
addition, routine pigging removes 
contaminants associated with wet gas, 
including paraffin, asphaltenes, iron 
oxides, water, H2S and CO2. 

Determine the frequency of pig-
ging based on specific characteristics 
of the pipeline system. Some pipe-

lines require pigging three times a week and some three 
times a day. Overall, pigging frequency should be based 
on the flow efficiency gained over time instead of a pro-
gram based strictly on time. Increased throughput and 
revenue associated with efficiently operating the pipeline 
is measureable by the increase in percentage of flow.

Significant savings
A recent case study on the use of automated pigging of 
a natural gas gathering line in northwestern Oklahoma 
had significant results. The pipeline system was new 
construction consisting of 31 km (19 miles) of 16-in. 
pipe. The natural gas system was then fitted with a 24-in. 
oversized launcher barrel with a 16-in. nominal receiver. 
The system effectively increased flow efficiency from 
707,921 cu. m/d to 849,505 cu. m/d (25 MMcf/d to 30 
MMcf/d) while pigging every 6 hours, four times daily. 
Liquid volumes removed daily per pigging operation 
were equal to 1,000 bbl to 1,200 bbl. Overall, the system 
decreased compression costs by 5% in the 16-in. pipe-
line. Prior to pigging, the pressure in the launcher was 
1,020 psi and 920 psi in the receiver. After pigging, the 
line had 1,000 psi in the launcher and 950 psi in the 
receiver. The operator’s projected savings over a five-
year period using automated pigging vs. manual pigging 
is more than $4.5 million obtained through increased 
flow output and decreased pressure loss. 

Additional efficiencies as a result of frequent pigging 
can be attributed to improvements in reduced compres-
sion costs. As pigging frequency increases and pressure 
drop is minimized, less horsepower is consumed, reduc-
ing fuel costs to power compressors.

The automation of pigging systems has proven to be 
successful in shale plays, where the system is monitored 
through operator SCADA and remote monitoring sys-
tems as well as with operational data that might include 
line pressures and flow rates. 

The needs of the shale gas market will continue to grow. 
Automated pigging solutions can help operators meet the 
daily challenges encountered in the field and provide sig-
nificant savings resulting from increased flow efficiency, 
reduced labor costs and internal corrosion mitigation. 
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A recent case study on the use of automated pigging of a natural gas gathering line in northwestern 

Oklahoma had significant results in increased flow efficiency from 707,921 cu. m/d to 849,505 cu. 

m/d while pigging every 6 hours, four times daily. (Source: WeldFit Energy Group)
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Hydraulic fracturing plugs are an essential ele-

ment in the fracturing process. As a commodity 

item, many variations of the frack plug exist in the 

market, but what separates one from another are crit-

ical components such as drillability, wellbore debris 

production, effect on drill-up time and overall com-

pletion costs. 

Recent installations of the Choice Completion 

Systems’ RzrFrac Plug alongside competitors’ plugs 

allowed a controlled experiment to see how the new 

technology measures up to what is currently on the 

market. The fi ndings were noteworthy. 

The anticipated amount of fl uid necessary to dis-

place the RzrFrac Plug to depth was reduced by 25 

bbl/stage in comparison to competitors’ plug. In 

addition, the anticipated amount of fl uid necessary 

to displace the ball to seat after the plug was set was 

reduced by 20 bbl/stage to 25 bbl/stage. 

Mill-up results also were impressive. All of the 

plugs were “tagged” at recorded setting depth, 

ensuring adequate plug performance. The RzrFrac 

Plug mill-out times and debris were reduced by 50% 

to 75% in comparison to the competitors’ plugs.  

The operator was able to improve effi ciencies 

during the pump-down, fracturing and mill-up pro-

cesses with the plug largely due to its carefully 

engineered components. The plug is one-fi fth the 

volume of competitors’ plugs. In general, less vol-

ume correlates with less debris, 

minimal risk for fl owback, easier 

circulation and lower risk for stuck 

coiled tubing.

The plug also was designed 

with simplicity in mind. The 

composite plug has only three 

main components: the composite 

cone, expandable elastomeric seal 

and composite slips with 

carbide inserts, all of which are 

easily drillable.

The plug outperformed com-

petitors’ plugs head-on in a con-

trolled test run. The design, per-

formance and durability of the 

plug allow a quicker, more effi -

cient and more economical solu-

tion for operators when it comes 

to hydraulic fracturing.

Frack plug stacks 
up against competition

COVER STORY: 

SHALES

Michael Harris, Choice Completion Systems

The RzrFrac Plug has only three main components: composite cone, expandable elastomeric 

seal and composite slips with carbide inserts. (Source: Choice Completions Systems)
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offshore
SOLUTIONS

Mark Thomas, Editor-in-Chief

A
t a time when operators must justify every penny 
spent on researching, developing and commercial-

izing pioneering new technologies, the culmination off-
shore Norway of a successful first year of operation for 
a seabed compression system shows that the industry’s 
faith in subsea boosting know-how has paid off.

Contractor Aker Solutions has been justifiably proud to 
wave the flag for the world’s first such system, the first-gen-
eration compression facility it supplied for Statoil’s Åsgard 
Field in the Norwegian Sea, which achieved its one-year 
operational milestone in September. 

After coming online last year it was followed just a 
month later by the startup of a smaller wet gas com-
pression system on the same operator’s Gullfaks South 
Field in the Norwegian North Sea, this time supplied 
by OneSubsea.

Smaller field model
Many see the Gullfaks system as providing the multi-
phase compression model required for smaller fields, 
where simplicity and relatively low-boost pressure drive 
investment decisions. In field-life extension efforts on 
Gullfaks, Statoil worked with OneSubsea and other 
suppliers to qualify the helico-axial multiphase com-
pressor technology. 

After successful onshore testing in 2011, the Norwegian 
state-owned major and its partners selected subsea com-
pression as the preferred concept. The main components 
include inlet coolers, a multiphase mixer unit and two 
multiphase compressors. Three additional flowline hubs 
also are available to tie in future Gullfaks satellite fields.

The larger and more sophisticated Åsgard subsea gas 
compression system, meanwhile, is seen as better suited 
for bigger fields or wells faced with greater step-out dis-
tances needing a higher pressure boost. Åsgard’s subsea 
system involves gas-scrubbing equipment upstream of 
centrifugal dry gas compressors.

Larger, more complex
The system, which features two parallel compressor 
trains sitting in a water depth of 300 m (984 ft), is sub-
stantial, with dimensions of 75 m by 45 m by 20 m (246 
ft by 148 ft by 66 ft) and a total weight of 4,800 tonnes. It 
was Train 1 that hit the one-year operational milestone 
first, with Train 2 having started up several months later.

Its scale also helps to make it pretty productive. The 
two 11.5-MW HOFIM gas motor-compressor units at 
Åsgard, in addition to the scrubber, pump and coolers, 
have a maximum capacity of 21 Mcm/d (741.6 Mcf/d) 
of gas. This has so far seen the Åsgard system boost gas 
production from the field’s Midgard and Mikkel reser-
voirs to the receiving Åsgard B platform by about 40% 
compared to before it began operations last year. 

Overall it will add an estimated 306 MMboe of new 
volumes from the two reservoirs, a more-than-impres-
sive real-world cash return on the overall investment.

The two projects “represent two different technologies 
for maintaining production when the reservoir pressure 
drops after a certain time,” according to Statoil. “Subsea 
compression has a stronger impact than conventional plat-
form-based compression. It is furthermore an advantage 
that the platform avoids increased weight and the extra 
space needed on the platform for a compression module.”

Similarly, on the Gullfaks South Brent reservoir, the 
smaller system will increase recovery by an estimated 22 
MMboe, Statoil said, and extends plateau production 
by about two years. Linked to the Gullfaks C platform, 

Lean approach for next generation 
of subsea boosting systems   
Seabed gas compression has only just arrived as a proven production solution but is 

already being put on a diet.

An illustration is shown of what the next generation of subsea  

compression systems might look like in terms of scale, showing a 

smaller second-generation concept depicted next to one of Åsgard’s 

two existing subsea compressor trains. (Source: Aker Solutions)

http://EPmag.com


EPmag.com   |   November 2016 49

offshore
SOLUTIONS

the gas is compressed in 135 m (443 ft) of water before 
being pumped to the facility.

Next-generation systems
Time, however, waits for no man, or so the saying goes. 
Now that the first-generation systems are up and run-
ning, the offshore market already is focusing on the 
next generation of systems. With the industry fully aware 
of the need to reduce costs and simplify systems, the 
next incarnations are likely to utilize proven technology 
and fewer parts.

The result is likely to be a system working out at 
about half the size, half the weight and at least half 
the cost in terms of investment and installation. This 
would have to be achieved by eliminating parts of the 
support structure and reducing the number of modules 
involved while not deploying any new technologies that 
might be deemed more risky.

A company that played a major part in Aker 
Solutions’ system on Åsgard, MAN Diesel & Turbo, 
said it expects to cut the size and weight of such sub-
sea compression systems by at least 50%. Basil Zweifel, 
head of upstream oil and gas at MAN Diesel & Turbo, 
said in a press statement celebrating Åsgard’s one-year 
operational anniversary, “The next generation of subsea 
compression systems will be based on proven technol-
ogy and contribute to major improvements in both the 
recovery rate and lifetime for a number of gas fields. 
Aker Solutions and MAN will provide reliable compres-
sion systems for use at small subsea fields as well as large 
deposits such as Åsgard.”

Aker’s CTO Hervé Valla added that the two com-
panies were “taking this technology further to deliver 
slimmer and lower cost compression systems without 
compromising on effectiveness.”

Simpler solutions
The issue of simplification is a key one for the next genera-
tion of systems. According to GE Oil & Gas, which supplied 
a range of technologies for the recently concluded success-
ful test of the subsea gas compression system planned for 
Shell’s Ormen Lange pilot project offshore Norway, the 
operator and its partners are gearing up for the technolo-
gy’s next step by simplifying the total system.

The pilot project was undertaken by Shell and its 
partners Petoro, Statoil, Dong and Exxon Mobil starting 
back in 2011 at the Anglo-Dutch major’s test facility on 
Nyhamna in Norway, where Ormen Lange’s gas comes to 
shore. Alisdair McDonald, head of GE’s subsea power and 
processing business, told E&P’s sister publication Subsea 

Engineering News, “The drive in the industry is now to  

simplify the total subsea compression system, and making 
the compressor more robust and tolerant to liquids is a key 
part of this. GE is currently qualifying a liquid-tolerant com-
pressor, which will be an important step in this direction.”

In terms of how much the system might cost and 
how applicable it would be for use on various projects 
around the world, McDonald said, “The cost will be very 
dependent on field size and requirements (number of 
compressors, step-outs, etc.). Subsea compression also 
might be economic for smaller developments given that 
the power system infrastructure around is beneficial 
and the reservoir properties are suitable.

“The main benefit of subsea compression systems is 
increased recovery. For many fields the challenge is that 
the wellstream does not have enough pressure to push 
through the pipeline, especially when reservoir pressure 
declines. The compressor basically helps the gas stream 
flow, allowing the well to produce more easily.”

Subsea puzzle
McDonald added, “Subsea compression is definitely an 
important part of the subsea puzzle in the future, but it’s 
not for all fields. It will depend on the reservoir and on the 
infrastructure in the area. As the systems become less com-
plex and the technology is adapted in the market, we will 
see more subsea compression developments in the future.”

Crucial to the Ormen Lange test program, GE added, 
were several of its technologies, including a 12.5-MW 
vertical Blue-C centrifugal compressor and subsea 
power supply, transmission and distribution system, 
which eliminated the need to generate more power 
on nearby offshore facilities. The compressor was driv-
en by an electrical package provided by GE’s Power 
Conversion business that featured a high-speed motor 
and high-power drive.

Other GE technologies tested included IFOKUS elec-
tric actuators, which are anti-surge actuators developed 
for 80-kilonewtons fail open operation, and the NAXYS 
Acoustic Leak Detection System, which was used during 
the submerged pit testing to monitor for potential gas 
leakages as well as operation of rotating machinery and 
power modules.

In addition, the test featured the use of GE’s subsea 
switchgear, supplying power and protection to multiple 
loads from a single cable to shore; subsea uninterrupt-
ible power supply providing power and protection to all 
the compression station auxiliary loads, ensuring con-
tinuous supply of power during system disruptions; and 
the MECON dry-mate connector 145/700, which GE 
said enables power transmission at 145 kV for tiebacks 
of up to 120 km (74.5 miles). 
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Spencer Yetman, Halliburton

I
mprovements to polycrystalline diamond compact drillbit 

technology have been one of the major factors in driv-

ing improved drilling effi ciencies throughout the world. 

Advancements in design capabilities, performance simu-

lation and analysis tools, and material technologies have 

made year-on-year effi ciency gains to the expected out-

come of many drilling operations around the world. Oper-

ators that can achieve the effi ciency gains the fastest have 

a signifi cant advantage in the market. The drilling perfor-

mance can be modeled before the run, observed during 

the job and evaluated at the end of the job. This makes 

it a perfect candidate for rapid improvements, where the 

results are tangible and can be dramatic in improving the 

overall fi eld economics.

The underlying challenge becomes how to improve 

the effectiveness of each iteration and accelerate each 

cycle of learning so that successive wells drilled in a 

fi eld compound with each other.

When thinking about the desired attributes of a 

drillbit, it can be helpful to distill the attributes into 

four performance categories: ROP, durability, reliabil-

ity and steerability. Increasing ROP means less time is 

spent for the rig and associated drilling-related services. 

Durability determines how long the drillbit and bottom-

hole assembly (BHA) can stay in the hole. Reliability 

speaks to not only the tools themselves but also the 

consistency to achieve the desired results. The fi nal cri-

teria is steerability, which has become critical in today’s 

directional and horizontal wells to ensure the trajectory 

is placed in the target zone with both speed and cre-

ation of a quality wellbore.

Case study
The wells for consideration in this study were located in 

the Denver-Julesburg (D-J) Basin in Colorado. Drilling 

time had to be dramatically reduced to make the fi eld 

and wells economical in this section. The challenge 

encompasses the entire well, with a goal of drilling the 

8½-in. vertical, curve and lateral sections in less than 30 

hours of drilling time. 

The vertical section of these wells is about 1,067 m 

(3,500 ft). The curve section, which operators typically 

try to land in the Niobrara or Codell formation, builds 

at about 10 degrees/30.5 m (100 ft) to 12 degrees/30.5 

m for about 274 m (900 ft) in total length. The fi nal 

lateral sections can vary from a short 1.2 km (1 mile) 

to more than 2.4 km (2-plus miles) in length. The ideal 

solution for these wells would be to make a good clean 

hole extremely fast in a single BHA and drillbit trip.

Although the specifi cs change, this scenario repeats 

itself daily across the globe, with a constant focus on 

iterated improvements over time. Whatever the well 

profi le and whatever the drilling challenge was yester-

day, how can improvements be made for the next well? 

Speed and effi cacy of new design iterations are integral 

to this question. The basic premise sounds intuitive—

the more familiar an engineer and designer are with 

an application, the better each successive solution gen-

eration will be at improving the desired attributes. The 

best solutions come when the highly technical designer 

Drillbit optimization 
Continually improving design, accelerating cycles 

of learning help drive effi ciency gains.

Drillbit performance optimization is realized when the proper balance of 

drilling effi ciency, steerability and durability is achieved for the specifi c 

application requirements. Balancing these three consistently can provide 

meaningful drilling economic impact. (Source: Halliburton)

Drilling
Effi ciency

Optimizing the lowest cost

per foot with high-quality hole

Steerability
Optimizing angle-build

capability and the force to 

deviate the bit

Directional
Control

Vibration
Control

Durability
Maximizing the life of 

the bit in the formation
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also has a thorough understanding of the drilling appli-

cation and customer objectives, designs the solution, 

evaluates the performance and then also is able to exe-

cute the next iterative improvement. When the same 

personnel handle all aspects of the process, each itera-

tion through the cycle can be faster and more effective 

because the challenges and lessons learned are not lost 

in translation outside of the core team.

In the D-J Basin challenge the local engineering team, 

which had extensive experience in the field and with 

drillbit design, collaborated with the drilling engineer 

and directional company personnel to clearly under-

stand the objectives and systems used to drill the wells. 

When coupled with extensive bit record information for 

designs run in the local area, the design attributes need-

ed to achieve the objectives could be established. The 

design needed to be very fast in the vertical section; 

have directional control that allowed good toolface 

control and steerabilty in the curve section; and have 

enough durability to complete the vertical, curve and 

entire lateral section in a single run of the BHA. 

Based on these challenges it was clear that a new 

bit design was needed that would encompass all four 

drillbit attributes to help improve the overall drilling 

economics of the well. The solution was a steel-bodied 

five-bladed bit design. The steel body design with short 

overall length and maximum junk slot volume was ideal 

for cleaning in high-ROP applications. A combination 

of 167-mm and 19-mm cutters was laid out in a way to 

provide the needed toolface control in the curve while 

also providing high ROP capability for the vertical and 

lateral section. Diamond volume and an optimized pro-

file were used to give the bit the durability needed to 

complete the sometimes 4,267-m (14,000-ft) sections in 

a single run. 

The resulting bit designed through this iterative 

process was able to achieve record-setting runs, com-

pleting the entire vertical, curve and lateral section in a 

single run. The design and lessons learned were shared 

throughout the area quickly, setting a new standard in 

the region in both ROP and durability. This new design 

will be the basis for the next iterative cycle to continue 

to improve the resulting drilling efficiencies.

Accelerating the learning curve
The complexity and heterogeneity of drilling challenges 

necessitates the ability to constantly match the design to 

the application challenges. The feedback time frame for 

drillbit design provides the perfect oilfield experimental 

bed to understand how best to iterate solutions, test the 

solution and identify the next application. There are 

several key steps that can be followed to help minimize 

the time between learning opportunities.

Application intelligence involves understanding the 

specific challenges and setting the targeted efficiency 

and desired performance improvements. Information 

on offset data, mineralogy, directional objectives, 

drilling objectives and the drilling fluids program are 

evaluated in this phase. Locally optimized solutions are 

designed with best-in-class simulation software by local 

experts. Local knowledge is leveraged to help maximize 

performance and efficiency of the solution. Superior 

execution involves setting drilling parameters and cus-

tom manufacturing if necessary to deliver to the rig site 

with great speed. Performance monitoring and data col-

lection are also an important part of this phase.

Performance analysis provides evaluation of the pre-

dicted performance vs. the actual run. Case histories 

are prepared, field analytics are performed and lessons 

learned are captured to feed the continuous improve-

ment cycle. 

In opportunity identification, a collaborative team 

consisting of the operator, drilling company and 

drillbit company shares analysis and performance 

information. Future target criteria and needs are dis-

cussed and challenges identified to help continually 

optimize the efficiency and the performance for the 

next optimization cycle. 

The steel-body fixed-cutter drillbit was specifically designed for a D-J 

Basin application. (Source: Halliburton)
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Marcus Gay, Novus Technical Services LLC

T
here are few good options for water sourcing and 

disposal for upstream energy producers in Penn-

sylvania. The practical solution that has evolved in the 

region is operator-to-operator trades of produced fluid 

and freshwater. Most operators have participated in at 

least one or two inter-operator trades. However, the lack 

of efficient organizational and communication tools has 

constrained the practice. 

“Recycling production fluids between operators 

reduces both freshwater withdrawals and injection into 

disposal sites,” said Matthew Alaniz, water team lead 

for Shell Appalachia. “Sourcewater connects us within 

the oil and gas community, making it easier for us to 

engage in operator-to-operator trades.”

In the Marcellus region local communities are 

highly sensitive to the impacts of truck traffic, and 

the region has few local options for underground 

injection-controlled disposal. In response, service 

providers offer third-party water management. They 

gather production water and treat it to clean brine 

standards, which they try to mark up and sell back 

to operators for new fracturing operations, acting 

in effect as water brokers and distributors. The slow-

down in completions has devastated this business, 

often forcing these facilities to truck brine long dis-

tances at a loss or shut down entirely.

Recent market conditions pushed operators to break 

from that status quo, looking 

for new ways to reduce cost 

and increase operational effi-

ciency. Marcellus operators 

are engaging more frequently 

in direct operator-to-operator 

trades. These trades enable 

the produced fluid or excess 

freshwater from one producer 

to be used in the completion 

of another. By organizing 

themselves into sub-region-

al water-sharing groups on 

Sourcewater, a free online 

marketplace for water sourc-

ing, recycling, hauling and 

disposal, operators can identi-

fy and execute these opportu-

nities directly, resulting in:

• Increased efficiency in  

water management;

• Improved community 

relations from fewer truck 

miles on the roads; and

• Better margins through 

reduced operating and 

completion costs.

Marcellus operators save money with 
online water management
Free online marketplace offers operators options to meet their water sourcing,  

recycling, hauling and disposal needs.

Coordinating water transactions through Sourcewater ensures real-time visibility into all  

available options. (Source: Sourcewater)
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Increased water management efficiency
Effective oilfield water management is as much about 

relationship management as it is about water chemis-

try and infrastructure investment. Water management 

professionals at both operating companies and service 

providers often rely on personal contacts and word 

of mouth in county-level micromarkets to obtain best 

pricing and opportunities for sourcing, recycling and 

disposing of fluids. To coordinate a project’s water 

management needs, a typical operator in the Marcellus 

will spend at least 4 hours on the phone reaching out 

to four to eight other operators to find deals. These 

calls often result in missed connections, nonproductive 

workday conversations, missed opportunities and trades 

that are mispriced because of relationship concerns 

rather than economics. Coordinating the same transac-

tions through Sourcewater takes on average 10 minutes 

to 20 minutes and ensures real-time visibility into all 

available options, eliminating errors and missed oppor-

tunities and ensuring that transparent economics drive 

management decisions. 

This efficiency helps operators and service companies. 

Frank Nickens, COO of Clearwater Technologies, recent-

ly used Sourcewater in the transfer and processing of 

fluid between two leading operators in Tioga County, Pa. 

Nickens sees the value of the platform to identify deals 

that he wouldn’t otherwise find through his network.

“We feel like we’re ingrained in the activity in our 

region,” Nickens said. “Today I was at a skeet-shooting 

event with one operator, a grill-out with another and a 

meeting with a third. It’s a lot of effort. Finding trades 

is like hunting for a needle in a haystack.”

Operator-to-operator trading reduces  
truck traffic
“Shell is committed to being a good steward of both 

the environment and the community in which we 

work,” Alaniz said. “Sourcewater helps me minimize 

trucking in the region, which lowers the risk of spills 

and reduces road damage and congestion impact on 

the local communities.” 

Strategies for water management in the Marcellus 

have evolved since the early days of the play. These 

strategies are all linked to the impacts of water haul-

ing in the region. First there were disposers and then 

empire builders, and now a new paradigm is develop-

ing: community enablers. 

Disposers made their operational decisions purely on 

economics. This strategy opted to haul fluids out of state 

or pay service providers to treat waste locally. Their strat-

egy caused local tension with high levels of truck traffic. 

As the play matured and completions activity peak-

ed, the industry saw the rise of “empire builders.” 

Operators adopting this strategy recognized the oppor-

tunity to better manage community relations, environ-

mental risk and increased efficiency by keeping water 

management within their own operations. Empire 

builders invested capital in pipeline, storage and treat-

ment capacity. They were the first to recognize the 

opportunity to reduce truck traffic through fluid recy-

cling within their operations.

Today residents of Pennsylvania are acutely concerned 

with road damage, traffic congestion and accident risk 

related to water hauling. “Community enablers” have 

responded with a new water management strategy. 

Motivated to reduce truck miles, these operators engage 

in direct operator-to-operator transactions. Community 

enablers create sub-regional markets for sharing water 

resources and infrastructure that eliminate long-distance 

fluid hauling and also avoid the duplication of hauling 

fluid first to an intermediate storage facility and then to 

a well site for completions. These operators use a spot 

market for fluids to reduce truck traffic, cost and waste.  

Operator-to-operator water trading saves 
real money
Operators engage in local water sharing groups on 

Sourcewater to obtain cost savings. The labor cost to find 

and secure water trades is reduced by more than 90% 

online, with better odds of finding (or not missing) the 

best opportunities and ensuring that trades are priced 

correctly on transparent market economics. Hauling 

costs are substantially reduced when fluids are not trans-

ported long distances or only one truck trip is required 

directly between source and use rather than multiple 

trips to and from an intermediate facility. Disposal and 

sourcing costs are reduced when operators trade fluids 

directly. Typically, the disposing operator pays delivery 

cost to the completions site, which is much closer and 

therefore less costly than the next best disposal alterna-

tive. Sometimes the disposer offers an additional pay-

ment above cost to entice other operators to reuse fluids 

rather than pay for fresh water. Both end up saving and, 

in some cases, completions can become a profit center.

“Shell is an active partner in operator-to-operator 

trading in the Marcellus on Sourcewater.com,” Alaniz said. 

“I have found sources of water to recycle on 

Sourcewater that I didn’t know were available, and 

those sources delivered my completions water for free, 

saving real money. Some operators on Sourcewater 

offered to pay us to recycle their water and cut their 

cost of disposal. That’s a win-win for the industry.”  
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Volker Dirks and Senira Kattah, PGS

S
eismic waves undergo various propagation effects as 

they travel through the subsurface, resulting in alter-

ations in both the amplitude and the frequency content 

of the recorded seismic signal. Complex subsurface geol-

ogy such as rugose salt bodies similar to the ones in the 

Gulf of Mexico or offshore West Africa and Brazil results 

in poor illumination of the underlying geology. This is 

because the salt bodies cause focusing and de-focusing of 

the seismic wavefield. Moreover, the illumination of the 

subsurface can be distorted by incomplete or inadequate 

acquisition geometries, resulting in uneven coverage of 

potential targets. Consequently, the reflectivity of subsur-

face formations cannot be reliably used to estimate their 

corresponding rock properties unless the distortions are 

removed from the migrated image. 

Innovative acquisition configurations such as multi- 

azimuth (MAZ), wide-azimuth (WAZ) and full-azimuth 

surveys have been successfully used to improve the 

image quality beneath complex geological structures. 

However, nonuniform illumination remains a challenge. 

PGS Wave Equation Reflectivity Inversion (PGS WEI) 

has been specifically developed to correct wavefield 

distortions and illumination variations. WEI recent-

ly was used on data from a 3-D MAZ survey in the 

Jequitinhonha Basin offshore Brazil (Figure 1).

Hydrocarbon potential in the  
Jequitinhonha Basin 
The Jequitinhonha Basin is a frontier offshore basin 

located off the northeastern coast of Brazil. Its origin and 

tectono-stratigraphic evolution relate to the rifting/drift-

ing processes that led to the separation of South America 

and Africa during the Mesozoic Era. The presence of 

several lacustrine and marine source rock intervals, a 

confirmed active petroleum system and several potential 

reservoir units make the Jequitinhonha Basin a prime 

target for future hydrocarbon exploration offshore Bra-

zil. The main potential reservoir units are post-salt Upper 

Cretaceous turbidites (passive margin), presalt Jurassic 

to Barremian continental sandstones (pre-

rift and rift phase) and, potentially, presalt 

Aptian limestones (microbialites of the late 

rift and sag phase). 

Similar to other Brazilian offshore basins 

to the south (e.g., Campos and Santos), 

thick evaporitic successions were deposited 

during the Late Aptian rifting/sag phases. 

Post-depositional salt deformation results in 

large and complex salt structures that affect 

seismic imaging of the underlying presalt 

succession. Furthermore, both the post-salt 

turbidites and the presalt siliciclastic and 

carbonate targets require reliable amplitude 

information to be extracted from the seismic 

data to ensure successful prospect identifica-

tion and de-risking.

Improved subsalt illumination
In February 2006 a traditional narrow- 

azimuth 3-D exploration survey was 

acquired over blocks BM-J4 and 5 in an 

east/west direction using a spread of 10 

New technique corrects distortions       
WEI leads to improved amplitude fidelity and  

image resolution in the Jequitinhonha Basin offshore Brazil.

FIGURE 1. This image shows the location of the 3-D MAZ survey over BM-J-4/5 in 

the Jequitinhonha Basin offshore Brazil. (Source: PGS)
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hydrophone-only streamers. Processing and reprocess-

ing of the data provided high-quality images typical of 

the geological setting and available imaging technol-

ogy at that time. However, the deeper presalt targets 

that had been identified subsequent to the acquisition 

proved challenging to understand due to poor illumi-

nation and signal penetration.

In 2011 PGS overshot the original east/west survey 

with two additional passes of 3-D acquisition in the 

north/south and north-northwest/south-southeast 

direction to complement the subsurface illumination of 

the legacy image. Since the new surveys were acquired 

using broadband dual-sensor towed streamer technol-

ogy, they resulted in seismic data that are much richer 

in both low- and high-frequency information. A series 

of processing steps including receiver-side deghosting 

and additional noise suppression were applied to the 

hydrophone-only legacy data to allow the combination 

of all three datasets into a single WAZ data volume. 

The new MAZ 3-D anisotropic depth migration resulted 

in significant improvements in image clarity and the 

continuity of, in particular, the presalt reservoir targets. 

Subsequent amplitude extractions along key target hori-

zons, however, revealed remnant amplitude variations 

PRESALT/SUBSALT

FIGURE 2. Synthetic data show illumination strength beneath a salt body (left). Blue colors represent low and red colors high  

illumination strength. A grid of scatter points representing the PSFs for the same salt velocity model is displayed on the right. The 

more the PSFs are focused into a small well localized area (1), the higher the local image resolution. At locations where the focusing 

of the PSFs is poor (2), image resolution also will be poor. (Source: PGS)

FIGURE 3. In a comparison of regular migration (left) and PGS WEI (right), WEI balances the wave number content of the final 

depth-migrated image and improves the recovery of sharp contrast features such as fault boundaries. (Source: PGS)

Standard Migration WEI

http://EPmag.com


November 2016   |   EPmag.com56

caused by the complex salt bodies. These variations 

required correction to enable reliable quantitative inter-

pretation and rock property analysis.

Reducing illumination artifacts 
To correct for the amplitude variations caused by focusing 

and de-focusing of the seismic wavefield, a WEI method 

has been developed that relies on the computation of 

so-called point spread functions (PSFs) as shown in Fig-

ure 2. PSFs are explicitly computed by the modeling and 

migration of discrete scatter points positioned throughout 

an earth model that is subsequently used for imaging. 

Where the subsurface is illuminated properly, PSFs are 

focused into a small area and are of high amplitude (see 

area marked 1). However, where local illumination is 

poor, PSFs are conversely poorly focused and stretched 

out, and their amplitude is weak (see area marked 2). 

The local illumination information that is contained 

in the PSFs is used to correct the migrated image and 

recover the correct earth reflectivity. Using WEI not 

only corrects for illumination effects, but it also bal-

ances the wave number content of the depth-migrated 

image. This improves the representation of sharp con-

trast features such as fault boundaries (Figure 3).

WEI was applied to the BM-J4/5 MAZ prestack 

depth migration (PSDM) volume with the desire to 

improve the imaging of both post-salt and presalt res-

ervoir targets. Figure 4 shows a crossline comparison 

of the anisotropic PSDM volume using the standard 

migration code and for WEI. The approximate loca-

tion of the salt is marked in yellow to make it easier 

to differentiate between the post- and presalt regions. 

A clear increase in image clarity and resolution is 

observed in the post-salt section with an improvement 

in reflector continuity and sharper imaging of the 

faults. The image improvements in the presalt area 

are more subtle, but as predicted by the synthetic 

modeling, some of the fault boundaries are imaged 

more clearly (red arrows).

A more detailed analysis and quantitative interpreta-

tion of the new WEI volume is ongoing, but early indi-

cations are that in the shallower post-salt region a more 

detailed and higher resolution depth image will contrib-

ute to an improved geological interpretation. The 

impact in the presalt section is yet to be quantified, but 

it is expected that the new depth images will reduce 

interpretation uncertainty for the important lacustrine 

sandstone and microbialites reservoir targets. 

FIGURE 4. In this comparison of a crossline anisotropic depth image from the 3-D MAZ BM-J-4/5 survey for a conventional migration 

(A) and WEI (B), significant improvement in image resolution can be seen above the salt body marked in yellow in the WEI image. 

In the presalt section, image improvements are more subtle; however, some of the fault boundaries have been imaged more clearly 

(red arrows). (Source: PGS)

PRESALT/SUBSALT

A more detailed  

analysis and quantitative  

interpretation of the new  

WEI volume is ongoing.
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PRESALT/SUBSALT

John Smythe, FairfieldNodal Inc. 

O
cean-bottom nodes (OBNs) are autonomous seismic 

recording devices that have been in large-scale com-

mercial use since 2004. Each node incorporates seismic 

sensors, digital recording electronics, a precision clock, 

a data storage medium and a power source in a compact 

pressure vessel that will couple well with the seabed and 

is capable of operating in water depths of up to 3,000 

m (9,843 ft). OBNs were initially conceived to replace 

shallow-water ocean-bottom cable systems where fixed 

interval constraints, terminations, connectors, power 

distribution and data telemetry led to significant techni-

cal downtime and operational inefficiencies. Deepwater 

operators faced with the challenge of imaging subsalt res-

ervoirs quickly recognized node technology as a superior 

method to deliver the production seismic necessary to 

optimize development and recovery strategies. 

Deepwater nodes are typically deployed on the sea-

floor in a sparse receiver grid. After synchronization of 

each node’s internal clock with a GPS reference time 

signal and starting the digital recording of sensor data, 

nodes are deployed by an ROV. They are designed to 

record seismic data (hydrophone and multicomponent 

geophone) continuously for months, during which 

time active seismic sources are towed at the sea surface, 

illuminating the subsurface with a much denser grid of 

source points. The recorded data quality is usually excel-

lent because of the low ambient noise level at the deep 

seafloor and because the nodes are stationary. Upon 

node recovery (also by an ROV), continuous data from 

each node are downloaded and can be parsed into tra-

ditional seismic records using the precise knowledge of 

the active source excitation times.  

A typical two-vessel deepwater OBN operation is 

depicted in Figure 1. A layout and retrieval vessel with 

back-deck node handling and ROV capability lowers 

nodes to the seafloor. The ROVs deliver nodes to their 

preplanned positions on the grid using an acoustic/iner-

tial navigation capability. After a sufficient node array 

has been deployed, a dual-source vessel begins acquiring 

the dense grid of source points.

Illumination for deepwater field development
In deepwater field development the seismic objective often 

involves 3-D imaging beneath complex overburden, par-

ticularly below and around salt, where illuminating a for-

mation of interest can be highly sensitive to the direction 

(azimuth) and distance (offset) of the source point relative 

to the node location. To optimize the imaging beneath 

complex overburden, OBN surveys are designed to illumi-

nate the target area from all azimuths and to do so contin-

uously in offset out to a maximum distance suitable for the 

survey objectives (~ 8 km to 10 km [5 miles to 6.2 miles] is 

typical, but significantly more offset is possible). Nodes are 

deployed over a key area of interest, and the source point 

grid is a superset of the node area. The source grid is typ-

ically large enough so that every image point in the node 

area is illuminated continuously in offset by source points 

out to at least 6 km (3.7 miles) in all directions. In Figure 2 

OBN data acquired with a full-azimuth geometry are used 

to image deep subsalt targets in the Gulf of Mexico (GoM).

Improved subsalt imaging with full-azimuth and 

long-offset OBN data has been well documented. Also, 

in zones away from the salt, the full-azimuth illumination 

can produce a clearer, more interpretable image by bet-

ter multiple attenuation through more diverse ray paths. 

OBNs also are well suited for deepwater field develop-

ment because they can be deployed among the surface 

and subsurface infrastructure of a working oil field, where 

access with wide-azimuth towed streamers is difficult. Node 

A nodal approach       
Ocean-bottom node surveys aid in subsalt illumination, reservoir management. 

FIGURE 1. Deepwater nodes are typically delivered to the seafloor 

with a high-speed loader and subsequently transferred to an ROV 

for deployment on a sparse grid. The sources are activated on 

a dense grid as soon as a sufficient number of nodes have been 

deployed. (Source: FairfieldNodal Inc.)
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deployment, retrieval and seismic sources can 

proceed concurrently with other simultaneous 

operations in an active field. In most cases, node 

deployment among oilfield infrastructure is achiev-

able with only minor deviation from the regular 

grid and with few gaps in receiver coverage. The 

node handling vessel remains outside any exclu-

sion zones, but the ROV can work in proximity to 

any subsea or surface obstructions.

Seismic reservoir monitoring, also known as 

the 4-D or the time-lapse seismic method, is a 

powerful tool for field development. Of the 25 GoM 

OBN surveys that have been conducted in the last 10 

years, most have been located in water depths greater 

than 1,000 m (3,281 ft), and many have one or more 

monitor surveys in addition to the original baseline sur-

vey. By repeating a seismic survey on an interval that can 

vary from a few months to a few years and measuring 

the change in seismic response in amplitude and time 

between surveys, reservoir properties such as volumetrics, 

lithology, continuity and connectivity can be inferred. 

For reservoir monitoring it is very desirable that the seis-

mic acquisition be as repeatable as possible so that small 

changes in the seismic response that are truly related to 

field production (or water injection or any other exter-

nal stimulus) are not obscured by changes that are relat-

ed only to differences in receiver and source positions 

between the two surveys. Historically, towed-streamer sur-

veys struggled with the repeatability of receivers because 

of variable current and wind conditions and the addition 

of surface obstructions over the life of the field. 

OBN surveys are very repeatable, making them a more 

viable solution for 4-D seismic analysis. In 2,000 m (6,562 

ft) of water, statistics show that about 90% of nodes can 

be relocated to within about 5 m (16 ft) of their prior 

location, and about 98% can be located within 10 m (33 

ft). The normalized root mean square (NRMS) ratio, 

the normalized average change in seismic amplitudes 

between baseline and monitor, is a common quantitative 

statistic to measure seismic repeatability. When measured 

outside the producing reservoir zone, a small background 

NRMS value indicates a well-repeated survey. At the pro-

ducing formation it represents the strength of the 4-D 

signal. For repeated deepwater OBN surveys in the GoM 

operators have reported characteristic background NRMS 

values as low as 5%. 

Flexibility, scalability
Nodes also provide a scalable solution for reservoir mon-

itoring. Studies have shown that the 4-D signal associated 

with water injection is readily identifiable with only about 

one-quarter of the number of nodes that are needed for 

full-field imaging, even when reservoir targets are near salt 

or beneath salt and require through-the-salt imaging. Sub-

sets of the full-fold and full-extent baseline survey can be 

used to carefully design the optimum reduced scale moni-

tor surveys so that clear subsalt 4-D signals can be obtained 

with a reduced node count. When the seismic response 

change can be measured in a target area of interest with 

a subset of the number of original nodes, subsequent 4-D 

surveys can be acquired at lower cost, enabling frequent 

monitoring of reservoir integrity, injection rate optimiza-

tion, waterflood effectiveness and pressure maintenance. 

The design flexibility that nodes provide also might ben-

efit large-scale deepwater OBN surveys. Recent studies have 

shown that typical node spacing of 400 m (1,312 ft) can be 

increased to as much as 800 m (2,624 ft) with little adverse 

effect on the final processed image as long as high-quality 

3-D angle gathers can be constructed from the sparse node 

dataset. Angle gathers play a critical role in the iterative 

velocity model-building necessary for subsalt imaging. 

Spacing the nodes farther apart has important implications 

for widening angles of illumination for improved subsalt 

imaging and waveform inversion, imaging larger areas 

more efficiently given a fixed node inventory and potential-

ly acquiring deepwater node data at exploration scales. 

Future of OBN technology
Deepwater OBN technology continues to evolve.  New 

nodes with extended battery life and optical and acous-

tic communication systems for data download will be a 

low-cost, reliable alternative to entrenched cabled per-

manent reservoir monitoring (PRM) systems in deep 

water. These autonomous reservoir monitoring systems 

have no cables or trenching, no ties to production facili-

ties, small environmental impact, and ease of flexibility 

and scalability if development plans change, and they 

can be easily decommissioned. Deepwater reservoir 

monitoring with nodes will have commercial benefits 

over cable-based PRM systems by providing the same 

high-quality 4-D seismic data at lower cost.  

PRESALT/SUBSALT

FIGURE 2. A deepwater node 

image from the GoM shows 

that low ambient noise,  

stationary receivers, long  

offsets and full-azimuth  

acquisition contribute to the 

superior subsalt imaging 

necessary for deepwater 

field development. (Source: 

FairfieldNodal Inc.)
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Nathan Zenero, Genesis RTS

T
wist-offs and pipe damage are most commonly the 
result of downhole makeup and represent a signifi-

cant loss to operators and drilling contractors. Unfortu-
nately, many have come to accept this as a cost of doing 
business or have adopted unnecessary design factors or 
process checks attempting to avoid such outcomes. This 
is largely because, until recently, there has been little 
ability to perform true root-cause analysis that includes 
evaluation of the iron roughneck. A recent study of 
iron-roughneck process capabilities and original equip-
ment manufacturer (OEM) testing practices led to sev-
eral important conclusions:

1. Iron roughnecks cannot be excluded as a root cause 
of connection failures or damage because they do not 
accurately and consistently apply torque to drillpipe;

2. OEMs have built iron roughnecks to the specifica-
tions of operators and contractors, and any deficien-
cies therein are directly attributable to lack of detail 
in contracts;

3. Operators should develop rigorous, risk-based pro-
cess capability specifications;

4. Operators should require detailed factory accep-
tance tests (FATs) and regular calibration for all 
machines, tools and instruments;

5. Improving quality through contracts can reasonably 
lead to significant savings and process improvement 
with very little investment in time and resources; and

6. Doing nothing will lead to an average cost of 
$10,000 to $20,000 per onshore well and 10 times 
that offshore.

Defective contracts
Most drilling contracts contain specifications for abso-
lute machine performance such as hoisting capacity, 
pump rates and pressures, fluid mixing and storage 
volumes, pipehandling and storage capacity, and other 
common rig specifications. Often the only specifica-
tions related to pipehandling is that the equipment 
is present, can meet maximum torque and tool joint 
parameters and has met minimum mean-time-between-

failure requirements. However, very 
few contracts contain detailed contract 
language defining quality or process 
capabilities such as accuracy, precision, 
tolerances and allowable errors. 

This lack of detailed specifications 
has led to an unfortunate but foresee-
able outcome: OEMs have developed 
machines, tools and instruments that 
meet minimum defined requirements or 
satisfy the immediate need of a custom-
er. A prime example of this is demon-
strated in a study performed in 2014-15 
(SPE 178776-MS) showing that, while 

all manufacturers of iron roughnecks provided tools that 
could meet maximum makeup torque, none provided a 
machine that could do so consistently. While all OEMs 
had, in fact, met the design requirements provided by 
contractors and operators, none provided a machine that 
could do so within reasonable process control limits. This 
is a direct result of poor specifications. 

Current state of iron roughnecks
In 2014 a request was made to iron roughneck manu-
facturers to provide a FAT and field-verification proce-
dure to evaluate the tools. It was determined that such 
procedures did not exist, nor was there a tool com-
mercially available designed specifically for the field 
verification of iron roughnecks under typical oilfield 
conditions. Thus, a fit-for-purpose tool to perform 
field verification was developed and field data were 
gathered using the tool—the iron roughneck testing 
tool (IRTT, Figure 1).

The IRTT was configured to simulate a mated tool 
joint connection. When placed in the jaws and dies of 
the iron roughneck, the IRTT will accurately measure 
the actual torque applied through the hydraulically 
actuated wrench jaws. Torque measurement is achieved 
through the use of strain gauges mounted in the bore of 
the tool in the center gauge area. 

Quality-driven contracts can  
prevent twist-offs and damaged pipe       

A lack of contractor and operator specifications has led to inadequate iron roughnecks.

FIGURE 1. The IRTT simulates a mated tool 

joint connection. (Source: Genesis RTS)
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The specified maximum error of the IRTT was +/- 1% 

of maximum load (50,000 ft-lb). Each IRTT was calibrat-

ed in a load-frame traceable to the National Institute of 

Standards and Technology (NIST). A calibration certificate 

accompanied each sensor documenting actual error rates, 

typically less than 0.3% over the full range of measurement. 

Additionally, each sensor had a shunt calibration that 

returned a predefined value, confirming the strain gauges 

were measuring properly. The shunt calibration check was 

performed before each test session. Before deployment of 

the IRTT for shop or field testing, the operator observed its 

laboratory calibration in a load frame and evaluated NIST 

traceability to ensure chain-of-custody and to establish trust 

between contractors, vendors and manufacturers.  

From June 2014 to May 2015 more than 2,000 

tests were performed on iron roughnecks. A 

wide variety of environmental and operational 

conditions were tested across a wide variety of 

different types and installations of tools. No par-

ticular tool appeared to perform significantly 

better or different than the other; thus, all data 

collected are shown together. 

It is clearly demonstrated that iron rough-

necks are not currently able to consistently 

make up drillpipe within an ideal range of +/- 

5%. Furthermore, based on this large sample 

size, the probability that an iron roughneck 

will meet this requirement is only 31%. That 

is, 69% of all tool joints will be overtorqued 

or undertorqued (Figure 2). The majority of 

errors tend to be on the low side, which is con-

sistent with downhole makeup and tool joint 

damage or failure. 

A key finding of this endeavor is that a funda-

mental shift in culture is required by large U.S. 

land operators. Operators should take a larger 

stake in process optimization and tool design. 

This will likely require the development of internal subject 

matter expertise that spans hydraulic and electrical system 

design, controls design, data acquisition and quality con-

trol. It also will require dedication from operators to the 

investment of time and money and the development of 

long-term collaborative relationships with suppliers and 

manufacturers. And it will require a higher level of trans-

parency between manufacturers, contractors and vendors 

regarding roles, responsibilities and cost structures. This 

lesson has been widely adopted in many other manufac-

turing and service sectors. 

An additional finding is that the current state of tool 

design and use is the result of the requirements com-

municated by operators and contractors. In most cases, 

the tools that exist are a function of market demand. 

Since the market has not been specific in design 

requirements, existing tools might not support future 

performance goals or meet desired quality standards.  

Therefore, operators should accept that they are the 

ultimate consumers of the entire supply chain and that 

they should be the drivers of collaborative, mutually 

beneficial relationships among the supply base.

Building upon regular quality control evaluations and 

inspections, it would be wise to develop a basic quality con-

trol philosophy. Part of that philosophy should encourage 

both OEM/contractor internal quality control and regular 

independent third-party quality audits. This will help 

maintain transparency and minimize complacency. 
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FIGURE 2. Results of more than 2,000 field tests of iron roughnecks show that most 

connections are undertorqued and that 69% of all connections fall outside a 5% 

error tolerance; 49% are greater than a 10% error tolerance and 7.5% are greater 

than a 25% error tolerance. (Source: Genesis RTS)

IRTT TEST DESCRIPTION
Unique Units Tested in Shop 3

Unique Iron Roughnecks Tested  
in Field

73

Unique Manufacturers 5

Unique Drilling Contractors 18

Unique Operating Companies 23

Time Frame June 2014 - May 2015

Tested Torque Range 5,000 to 48,000 ft-lb

Total Measurements Made 2,146

Outliers 16

Tests showed that all manufacturers of iron roughnecks provided 

tools that could meet maximum makeup torque, but none provided 

a machine that could do so consistently. (Source: Genesis RTS)
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Michael Dynan, Schramm Inc.

T
he U.S. shale revolution that began in the early 2000s 

has made an impact on energy markets that very few 

people could have foreseen. Simultaneously, the world 

has seen dramatic applications of digital technology that 

have changed how we communicate, transact business, 

operate equipment and live our daily lives. Shale devel-

opment and digital technology—both 21st century inno-

vations—are now a part of the fabric of the world.

One of the many challenges that exist in the energy 

sector is the application of the right technologies to the 

work that needs to be done without losing control of 

costs. Because the industry now understands “the rock” 

better than ever before on a performation basis, drillers 

are able to collaborate with operators and their contrac-

tors to implement customized drilling solutions based 

on their assessment of a specific basin’s needs. 

The industrial marketplace is full of powerful prod-

ucts that can provide an endless supply of data about 

any aspect of the well development process, but choos-

ing where to invest requires research and strong part-

ners. Schramm Inc. has used a consultative approach 

with worldwide clients to find ways to apply the latest 

in technological advancements to the challenges of 

resource development. Schramm has worked with 

operators around the world to develop fit-for-purpose 

machine solutions that focus on safety, mobility and 

performance to drive down total cost of development.

Rethinking horsepower
In a traditional sense horsepower has always been a 

proxy for capability to achieve total depth as fast as possi-

ble. However, industry leaders now recognize the need is 

not simply to be able to drill the deepest hole in the fast-

est amount of time—the real requirement is to achieve 

the well’s ultimate productivity. Therefore, having a large 

quantity of horsepower available for all sections of well 

development, which comes with a significant cost both 

in terms of dollars and physical footprint, might not be 

the most efficient way to achieve the goal. The challenge 

was simple: Help us be safer, get big rig performance in a 

small footprint and lower the costs of well development.

To meet this challenge, Schramm engineers worked 

with the operators to understand the stackup of costs 

and identified two important process shifts that had 

to happen. First, if horsepower could be shared and 

deployed efficiently to the different rig operations, the 

amount of energy required to complete the well would 

be optimized. This process change would drastically 

reduce the amount of power generation equipment 

required, which has a compounding effect in taking out 

Horsepower optimization  
for efficient operations

Applying advances in digital technology to the  

drilling process can maximize the EUR. 

Operator control rooms on the Schramm T500XD and T250XD are 

equipped with joysticks and large touchscreens that allow rapid  

navigation to all operational and diagnostic data from the rig. This 

makes real-time data from any sensor in the system literally at the 

operator’s fingertips. An active Internet connection allows the live data 

to be transmitted to any connected offsite location. (Source: Schramm)
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cost both in capex and opex. Schramm’s rigs combine 

the use of proprietary hydraulic system design and digi-

tally controlled valve technology. 

The real-time digital signal processing capability of 

the valves allows the drilling rig to monitor hundreds 

of parameters such as weight on bit and ROP and make 

constant adjustments to the horsepower distribution. 

This technology allows the machine to achieve power 

density while drilling within the “cycle-time sweet spot” 

to maintain wellbore tolerance in the production zone 

and to ensure the well maximizes EUR potential.

Smarter tubular handling
Secondly, the methods for handling tubulars needed to 

be reconsidered. “In a typical drilling operation there 

are just too many people putting their hands on the 

pipe,” according to Wade “Rowdy” Bragg, owner of Lib-

erty Safety & Environmental Consultants Inc.  

The solution is a mechanized hands-free pipehandler 

that leverages the digital valves to ensure the top drive is 

not waiting on pipe to continue drilling. Bragg described 

the LoadSafe as a “stand-out product,” adding that the 

“LoadSafe product takes human error out of the pipe-

handling process. Less workers wrangling pipe equals 

fewer opportunities for injury.”

Operators and drilling contractors that have put  

the solution to work have reported notable perfor-

mance achievements and cost reductions. The most 

distinguished achievement is that more than one con-

tractor has stated their operations reached years with-

out an injury. 

Next, there is an about 40% decrease in the num-

ber of loads for comparable equipment in rig moves 

because of the self-erecting design and removal of 

unnecessary horsepower. Once onsite, the crane is elim-

inated for rigup, and according to Bragg, “cranes are 

the second most dangerous thing on a drillsite.”  

The compounding effect of the smaller footprint 

includes cost savings from crew size reductions and less 

fuel consumption. It is important to note that there is 

an option of tapping electrical highline power where 

available, which is enabled through an electrical A/C 

grid-powered interface. Adding to these benefits, these 

rigs are designed to walk and rotate 360 degrees, giving 

them more efficient movement from pad to pad and 

from well to well. 

The world’s opportunities belong to those who take 

calculated risks by challenging the current method-

ologies. It is not just the quantity of horsepower that 

ensures success but the efficient application of horse-

power that delivers the lowest cost per lateral foot. 

Not all holes are drilled alike. Operators have many 

more options than they might realize to deliver safety 

and value to all of their stakeholders. 

The Schramm LoadSafe XD pipehandling system handles 24-in. diameter Range III tubulars weighing up to 10,000 lb completely 

hands-free. Drillpipe is racked in the horizontal position for easy loading and offloading, dramatically improving operator safety. The 

system is standard on the Schramm T250XD and T500XD. (Source: Schramm)
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ONSHORE WELL  

INTERVENTION

Scott Campbell and Candace Massengill, Weatherford

B
y many industry estimates more than 90% of all 
producing wells worldwide require some form of 

artificial lift to bring hydrocarbons to the surface at eco-
nomically viable rates. As production declines, various 
forms of artificial lift can be implemented to maximize 
recovery. However, common challenges associated with 
the retrofitting process—including securing and deploy-
ing a workover rig, incurring nonproductive time (NPT) 
and deferring production—can sometimes erase the 

profit of a marginally 
economic well, forc-
ing the operator to 
devalue the asset or 
abandon it altogether. 

Replacing the rig
In extreme cases, 
a workover rig can 
cost $50,000/day. 
Depending on the 
region of the world in 
which they operate, 
companies deploying 
rigless lift systems can 
decrease their overall 
opex spend by 37% to 
95% and reduce NPT 
by 67% to 99%.

A straightfor-
ward way to reduce 
workover costs is to 

remove the workover rig from the equation. A number 
of artificial lift solutions, some new, some underutilized 
and each with its own application window and benefits, 
can be deployed using wireline, coiled tubing (CT)or 
COROD continuous rod. 

Hydraulic lift
Hydraulic jet pumps lift production to the surface by 
means of injecting a pressured power fluid through a 
tubing string. As the fluid travels downhole through the 
jet pump to the nozzle, the Venturi effect draws reser-
voir fluid into the pump throat where the fluids com-
bine. The mixture transfers to the pump diffuser and is 
raised to the surface by increased pressure.  

The popularity of hydraulic jet lift has grown because 
of its use in fracturing fluid recovery systems and its abil-
ity to operate in sandy and harsh conditions. 

Jet lift can efficiently produce wells at rates of more 
than 20,000 bbl/d and is becoming an economical 
replacement for electric submersible pumps. After initial 
completion, jet pumps can be quickly and easily serviced 
onsite by reverse-circulating the pump to surface, chang-
ing out the throat and nozzle and then pumping it back 
downhole. This process can be completed by hand at 
the wellhead in about 1 hr (Figure 1).

An Eagle Ford Shale operator has experienced signif-
icant benefits from installing a CT jet pump assembly 
in place of a conventional reciprocating rod lift system. 
Between avoiding the need for a workover rig and nearly 
doubling production rates, the operator achieved return 
on investment in less than three months.

Gas lift
Gas lift provides a proven means of boosting dwindling 
production or reactivating dead wells. A commonly 
deployed rigless gas-lift installation method includes a 
tubing packoff assembly, a wireline-deployed solution 
used to isolate and control communication between 
the tubing and the annulus. Packoffs can be applied in 
previously free-flowing wells that now require gas lift to 
deepen the injection point on existing gas-lift wells or to 
bypass areas with damaged components.

Rigless intervention tools elevate 
artificial lift to new production gains      

Variety of tools and methods are available to optimize  

production without needing a workover rig.

FIGURE 1. One of the  

biggest advantages  

of jet pumps is the ability 

to be serviced by hand 

onsite without the use of 

mechanical intervention.  

(Source: Weatherford)
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An operator in the Middle East used such a solution 
to restore gas production in a well with a dual comple-
tion that had not produced for six years. Weatherford 
installed two tubing packoffs with gas-lift valves in each 
tubing string using standard slickline intervention equip-
ment and techniques. The operator avoided the need 
for a workover to retrieve the completion and run gas-
lift mandrels, which saved $1.25 million in intervention 
costs. The solution enabled the operator to immediately 
restore production in the well, which now consistently 
produces about 4,000 bbl/d—a near-instantaneous 
return on investment. 

Plunger lift
Plunger-lift systems offer a reliable, time-tested method 
for deliquifying and restoring production in liq-
uid-loaded wells. There are many types of plunger-lift 
solutions to choose from, depending on well conditions 
such as pressure, fluid volume and gas velocities (Figure 
2). Traditional plunger-lift systems can be completely 
installed using slickline in a matter of hours, making 
plunger lift the quickest, most economical way to restore 
production. Additionally, plunger-lift assist can be added 
to gas-lift systems to boost production on aging wells.

Often, the repetitive cycling of the plunger helps keep 
the well free from mitigating solids such as paraffin. 
This can substantially increase production efficiency. An 
operator in Kazakhstan was able to improve efficiency 
and reduce capital costs by 300% after replacing a previ-
ous lift system with plunger lift.

Reciprocating rod lift
Reciprocating rod lift is one of the most widely used 
forms of artificial lift. A newer variation on this 
standard is the Weatherford COROD system, which 
replaces traditional sucker rods and couplings with a 
single continuously manufactured rod that eliminates 
couplings and significantly reduces the load, wear and 
horsepower requirements. 

The introduction of insert pump anchors provides 
a rigless alternative to traditional servicing by a work-
over rig. These anchors are designed to set in wells 
not equipped with pump-seating nipples. They can be 
raised, lowered and reset using the Corig system without 
the need to pull the tubing. 

One example of the results achieved using an insert 
pump anchor occurred in a marginal oil field in 
Tunisia, where the technology helped the operator over-
come the dual challenges of high workover costs and 
deferred production. A conventional workover solution 
took three days at a cost of about $83,000/well. In con-

trast, the rigless COROD installation required less than 
two days and saved the operator about $58,000/well for 
a total savings of $1.7 million on the 30-well project. 

Capillary injection system
Utilizing a capillary injection system, an operator can 
use capillary tubing as a conduit deployed within the 
production tubing string to inject production enhance-
ment chemicals. These chemicals can be used to treat 
solids, combat corrosion or inject surfactants on loaded 
gas wells.

An operator in the Marcellus Shale play increased 
production by 11.3 MMcm/d (400 Mcf/d), resulting 
in about $1,200/day and $438,000/year in additional 
revenue, after installing a capillary injection system on a 
liquid-loaded gas well.

Progressing cavity pumping
COROD and Corig technologies also apply to pro-
gressing cavity pump (PCP) installations. The recent 

FIGURE 2.  Plunger lift is the quickest, most economical way to 

restore production to liquid-loaded gas wells. It can be installed 

on aging gas-lift wells and can keep wells free from mitigating 

solids. (Source: Weatherford)
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introduction of insertable PCP (I-PCP) systems and 
anchors makes PCP systems more efficient. I-PCP 
systems can be installed inside the production tubing 
via a COROD or conventional sucker-rod string from 
a Corig unit. I-PCP anchors allow I-PCPs to be run, 
landed, adjusted and operated with-
out having to pull the tubing string, 
thus saving on well servicing time and 
pump changeouts. 

An operator in the Middle East was 
able to significantly reduce interven-
tion costs by installing an I-PCP pump 
and anchor in a vertical oil well. The 
overall operational time for the I-PCP 
installation using a Corig unit was 
only 18 hours compared to the two 
days to three days of downtime typi-
cally associated with using a workover 
rig. Total intervention costs dropped 
by nearly 80%, saving the operator 
$28,500/well. 

Production optimization 
through surface automation
Rigless interventions in the wellbore 
are just one option for production 
optimization. Rigless lift solutions for 
offshore wells completed with subsur-
face safety valves also are available. Lift 
systems can be further enhanced with 
software and hardware at the surface.

Automated surface equipment such 
as WellPilot controllers can contin-
ually fine-tune pump performance 
to match reservoir inflow, automate 
injection rates and provide an early 
warning of pump failures and down-
time for proactive maintenance. 
The addition of SCADA systems can 
reduce operating costs by enabling 
operators to remotely monitor and 
control their lift systems. Additionally, 
production optimization software at 
the well and field levels provides intel-
ligent real-time analysis that maximiz-
es long-term asset performance. An 
Eagle Ford operator used a WellPilot 
gas-lift controller to reduce injection 
gas volumes, cutting lifting costs by 
half and achieving return on invest-
ment in one month.

In summary, there are many ways to optimize production 
without ever using a workover rig, and the value of using 
these methods is clear. With rigless artificial lift intervention 
and automated monitoring tools, operators will consistently 
see faster returns on investments. 
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Freeman Hill, Halliburton

W
ell integrity and flow assurance become an issue 

on many wells as age and well complexity increase. 

This can lead to expensive workovers, reduced produc-

tion or well loss. These outcomes are troubling because 

they affect overall costs, revenue generation and return 

on investment.

In many cases, workovers take more time than planned 

and complexity may be greater because the problem is 

not clearly understood prior to the start of well opera-

tions. When the leak is cloaked behind pipe, several layers 

of pipe or completion hardware, the capability to detect 

the leak and understand what is occurring decreases. 

There’s been a gap in well integrity diagnostics for a 

through-tubing solution that effectively detects a leak’s 

source of flow behind pipe and accurately identifies the 

leak’s depth and radial location. The benefit of effec-

tively describing well integrity issues is that operators 

can plan an intervention, create a monitoring plan on 

high-value assets, meet governmental regulations and 

have descriptive information for decision-making.

Leak detection challenges
Many technologies have been used to detect leaks with 

less than satisfactory results. Production logging is 

mainly focused on the internal flow with some influence 

from outside the inner wellbore from temperature and, 

in some cases, pressure where communication is direct. 

Pulsed-neutron tools do see behind pipe and are used to 

find flow there; however, they are limited by only detect-

ing water flow. The threshold minimum for detection is 

not optimum for small leaks and cannot fully describe 

leaks in some circumstances.

Noise tools have been used for listening to the sound 

of the leak to estimate its description based upon the 

magnitude of the noise and frequency properties. In 

the past these tools consisted of one hydrophone or 

receiver that was limited to frequency and information 

recorded. The majority of these tools are still station-

ary measurements that can reduce optimum intercept 

of leaks. Many new calculations have been done to 

improve these results. However, they are still fundamen-

tally hampered by changes in the physical properties 

of sound propagating through the structure of the well 

and layers of hardware.

New acoustic tool 
It has been difficult to accurately locate and analyze leaks 

or flow behind pipe or around the wellbore with the 

available technology. That difficulty is reduced with the 

introduction of the Halliburton Acoustic Conformance 

Xaminer (ACX) tool. The ACX tool reduces uncertainties 

so engineers can create a plan to address problems and 

mitigate operational risks. It also can be used throughout 

the life of the well and on any kind of asset worldwide to 

help locate and address integrity concerns.

The ACX tool has an array of hydrophones that are in 

line over a 1.8-m (6-ft) portion of the tool’s mandrel sec-

tion. The hydrophones are spaced out to gather acoustic/

sound data. The ACX tool gathers a large bandwidth of 

frequency information from each hydrophone, giving a 

new perspective in describing leaks or flow behind pipe. 

Having sensors stacked makes the tool unique in how it 

pinpoints radial distance and depth location by use of tri-

angulation or beamforming, which can be performed in 

Taking the guesswork  
out of leak description      

Acoustic technology shows new benefits.

The ACX tool contains an array of hydrophones and sensors for  

pinpointing wellbore leaks in real time and creating a 2-D flow map to 

help take the guesswork out of leak description. (Source: Halliburton)
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real time. This can help illuminate false picks where 

sound is measured but is due to hardware changes 

and not an actual leak location. The service can run 

continuously up to 7.6 m/min (25 ft/min) and also 

is run in stationary mode.

The tool measures the phase shift in signals 

between the hydrophones. With this knowledge, 

the distance and location can be pinpointed, which 

is good for radial and vertical location. It also mea-

sures sound magnitude, or how loud the acoustic 

energy is that’s being measured. The tool aligns 

and then stacks hydrophone data for a very sensi-

tive and vigorous measurement of acoustic energy.

From the data collected, the tool creates a 2-D 

flow map illustrating the flow or leak. Instead of 

just looking at the highest energy area and triangu-

lating, algorithms reproduce flow changes accord-

ing to the well’s structure. This helps fully describe 

the leak or flow and illustrates the flowing path, 

which reduces the guesswork in leak description. 

ACX technology has the potential to save mil-

lions of dollars in workover costs per well. It helps 

locate and describe the problem so that the most 

efficient operation can be used to fix the chal-

lenge. The service also addresses issues around 

the wellbore other than leaks that cause noise and 

track sources of the flow.

Case study 
A company in Alaska had a well with a gas-lift comple-

tion experiencing inner annulus (IA) to outer annulus 

(OA) pressure communication (95 psi/day OA buildup) 

when the IA was pressurized with gas. The well could 

not be gas-lifted due to this leak, limiting production. 

Previous leak detection technologies were unable to 

reliably locate such leaks, which affected several of this 

operator’s wells. Efforts to solve this problem were aban-

doned. It was proposed to locate the leak using the new 

ACX tool.

The tool’s hydrophone array triangulates on the 

sound/flow source in or around the wellbore. Array 

analysis also helps reduce false picks off of frequency 

and magnitude shows that have more to do with the 

well structure than the leak source. The radial locator 

has proven invaluable in some wells that have been 

logged by identifying which annulus or component of a 

completions system is leaking.

The gas-only leak was activated by pressurizing the IA 

while bleeding pressure from the OA. The entire well 

was logged with the ACX tool, and additional station-

ary readings were taken at zones of interest. One such 

zone was near the casing hanger. This is where the leak 

was identified by using high-definition waveforms and 

flow map processing. This same processing was able to 

rule out other zones of interest by using radial location, 

which other ultrasonic technologies cannot do. An addi-

tional leak (IA to tubing) was located at a gas-lift man-

drel and was confirmed to be repaired on a subsequent 

ACX run after the Halliburton Slickline group changed 

out the dummy valve.

“The new ACX technology will be invaluable to our 

organization to find small tubing or casing leaks, which 

previously we were not able to locate,” said a subsurface 

engineer based in Alaska. “Knowing definitively where 

the leak is provides us the best opportunity to perform 

a repair. Being located in Alaska, our costs are extreme-

ly high, so reducing the amount of time to diagnose 

and repair leaks has a large value to us.”

Since the leak was identified near surface, the Alaska-

based company plans to use a sealant repair method and 

avoid a multimillion-dollar workover operation. 
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This flow map clearly illustrates the leak from the IA to the OA only  

9.8 m (32 ft) from the surface. The gas injection was in the IA.  

(Source: Halliburton)
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Silviu Livescu, Diego Blanco and  

Lubos Vacik, Baker Hughes

C
oiled tubing (CT) has proven to be efficient 

and relatively inexpensive for a broad range of 

intervention operations. However, with increasing 

well complexity and expected low oil prices for the 

foreseeable future, the need for real-time data during 

intervention planning and execution is crucial to well 

efficiency, cost effectiveness and performance. Fish-

ing is an excellent example. For decades it has been 

characterized as an art. But without knowledge and 

certainty about the position and location of the fish 

and the condition of the wellbore, complicated fishing 

operations might require multiple runs, adding non-

productive time (NPT) that can render an otherwise 

valuable well useless.

A new intelligent CT (ICT) intervention service 

from Baker Hughes incorporates real-time downhole 

intelligence to help field crews pinpoint fish locations, 

react quickly to changing downhole conditions and 

eliminate unnecessary runs. The TeleCoil ICT inter-

vention service provides accurate real-time downhole 

monitoring of high-resolution depth correlation; dif-

ferential pressure and temperature data; and tension, 

compression and torque (TCT) data.

TCT data are particularly valuable in applications 

where real-time knowledge of bottomhole assembly 

(BHA) loads and torque is important, for example:

• differentiating between frictional lock-up and poten-

tial obstruction tagging;

• ensuring effectiveness of extended-reach technologies 

such as fluid hammer tools, tractors and lubricants;

• confirming jar activation during fishing jobs and the 

milling effectiveness over time; and

• quantifying mill aggressiveness from the back torque 

and weight on bit (WOB) analysis.

The ability to provide power continuously to the 

downhole sensors or any electrically activat-

ed downhole tools without the time limita-

tions imposed by the life of BHA batteries is 

a key advantage of this ICT service compared 

to other CT telemetry systems.

Unlimited real-time video and job-critical 

feedback enhance intervention efficiency.

Combining downhole power and commu-

nications with advanced camera technology 

makes it possible to clearly identify fish, 

execute an effective removal strategy and 

verify that the wellbore has been effectively 

cleared, all without changing the reel at 

the surface. 

Real-time high-definition (HD) video 

offered with the ICT service makes it possi-

ble to see the fish and examine the condi-

tion and shape of the casing without limita-

tions on battery life, memory or downhole 

visibility. Because power is supplied from 

the surface, the camera can stay downhole 

as long as necessary. Instead of having to 

Intelligent intervention improves 
economics, efficiencies      

Combining real-time downhole intelligence, coiled tubing strength and  

flexibility, and continuous electrical power benefits fishing, milling,  

cleanouts, perforating and other operations. 

The TeleCoil ICT intervention service consists of a 1⁄8-in. nonintrusive electrical 

conductor wire, the data acquisition system for delivering electrical power to the 

BHA sensors and for transferring the downhole data to surface, and a 21⁄8-in. BHA 

that incorporates the conductor release assembly, CCL, sensor package and BHA 

release function. The tool can be assembled as a sensor package, logging adapter 

or camera adapter. (Source: Baker Hughes)
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save footage to memory for later review, live video is 

fed directly to surface for instant viewing. Pumping 

fresh fluid around the fish and across the camera lens 

provides clear images, even in murky conditions. This 

accurate understanding of the fish and the wellbore 

around it helps teams design and execute more effec-

tive fishing plans. 

Simulation software is used both before and during 

intervention jobs to save runs, protect personnel and 

reduce operational time. Based on known well param-

eters, the job is first modeled using CIRCA software. As 

data from the job are collected, CIRCA RealTime soft-

ware updates the pre-job models on the fly, enabling CT 

personnel to make critical decisions quickly if downhole 

conditions change. The software displays a virtual gauge 

that clearly delineates safety and operational limits as 

they correspond to the actual depth and time. Live 

updates on the remaining fatigue life of the CT string 

are provided continuously.

Using this ICT service, milling and cleanout oper-

ations also can be improved. The ability to monitor 

torque, tension and compression in real time makes it 

possible to track motor and mill performance accurate-

ly over time and adjust job parameters to enhance the 

entire milling process. Variances between milling plugs, 

stumps or washing sand can be identified more easily. 

Top of sand in highly deviated wells can be accurately 

located. Wells can be cleaned out more effectively by 

increasing fill penetration rates and adjusting bit length 

and wiper trip speed based on current equivalent cir-

culating density. Additionally, the simulation software 

predicts pressures for two-phase flow, gels, acid and 

solids and continuously updates fluid rheology with tem-

perature and pressure readings. Knowing the downhole 

pressures makes it possible to track fill removal dynam-

ically and control well balance to prevent lost returns 

and formation damage.

In perforating operations, knowing accurate depth 

helps teams perforate the right zones, avoiding addition-

al correlation runs. The perforation operation is more 

efficient because the ICT service can perforate up to 32 

individual zones in a single trip and can convey more 

than 305 m (1,000 ft) of perforating guns in and out of 

the well under pressure without having to first kill the 

well. Perforations can be oriented to avoid damaging 

intelligent completion fiber optics and other compo-

nents. Observers at surface can confirm in real time that 

guns have fired. 
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The TeleCoil ICT intervention service provides 

accurate, real-time downhole monitoring of 

high-resolution depth correlation, differential  

pressure and TCT data. (Source: Baker Hughes)
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Case histories

While the ICT service has helped operators reap dra-

matic benefits offshore, it also has brought significant 

value to onshore intervention operations.

Texas. An operator of a well in Texas attempted to 

mill the 10th plug after completing a 43-stage fractur-

ing operation when the milling BHA encountered an 

impassable obstruction at about 2,950 m (9,700 ft) mea-

sured depth. The well was 4,237 m (13,900 ft) long with 

the kickoff point to horizontal at 2,052 m (6,731 ft) and 

perforations between 2,608 m and 4,209 m (8,558 ft and 

13,810 ft). Suspecting that collapsed casing was imped-

ing progress, the operator tripped the mill out of hole 

and rigged up a wireline camera and tractor to attempt 

to clearly identify the problem. After 50 hours of unsuc-

cessfully trying to position the camera and retrieve imag-

es, a 21⁄8-in. ICT with a HD camera and flow-through 

lens-cleaning BHA was run in hole, while filtered fresh 

water was pumped down the CT and casing annulus to 

help provide a clear-fluid environment so the camera 

could return clear images. As expected, the Camera 

BHA encountered murky fluid below the first perfora-

tions at 2,635 m (8,650 ft) because of a thief zone that 

was stealing the clear fluid. To reduce murkiness and 

clean the camera lens, filtered fresh water and surfactant 

pills were pumped through the CT and Camera BHA 

at 0.25 bbl/min. The obstruction was tagged and then 

clearly identified at 2,936 m (9,632 ft). Clear imagery 

showed the severity and type of collapse, which allowed 

the operator to plan a solution quickly. The entire oper-

ation was performed in one 21-hr run.

Europe. An onshore well with a 3½-in. cemented com-

pletion in a partially depleted reservoir was left with 800 

liters of cement in the tubing. As a result, the tubing was 

cut above a 5-in. liner at a depth of 2,763 m (9,064 ft) 

in the 3,603-m-long (11,820-ft-long) well with a packer 

set above the cut. The objective was to perforate the well 

using 2-in. guns and establish productivity. The 21⁄8-in. 

ICT system provided beneficial downhole data that con-

tributed significantly to overall job success. Motor stalls 

were detected quickly by real-time pressure data, which 

also helped monitor downhole pressure for reservoir 

influx. Casing collar locator (CCL) data improved depth 

measurement accuracy to ensure that sufficient rathole 

was milled for perforating, and gamma ray and CCL 

data were monitored for real-time logging and perfora-

tion depth correlations.  

The guns were detonated electrically at desired depth. 

This saved time and reduced risk compared to ball-op-

erated or pressure-activated firing heads. The downhole 

pressure and temperature gauges indicated that the 

guns had fired when intended. Finally, the BHA plug-

and-play capability that offers the ICT system avoided 

the need for additional equipment such as wireline unit 

and tractor, saving operational time and cost.

Caspian region. For an onshore operator in the 

Caspian region, using the ICT service with simulation 

software and an EasyReach fluid hammer tool helped to 

successfully mill and clear a bridge plug in an extend-

ed-reach well with no motor stalls or NPT. The J-shaped 

well contained 5% hydrogen sulfide, and the operator 

wanted to mill out the composite bridge plug from 

where it was set at 6,080 m (19,950 ft) and push it to 

the toe of the well at 6,400 m (21,000 ft). The setting 

depth of the bridge plug made it difficult to reach with 

sufficient WOB to effectively mill it out. Previous milling 

runs had been ineffective and made no progress after 

8 hours of rig time. The job was complicated further by 

mandatory shut-in conditions during milling time. The 

shut-ins blocked milled particles from being circulated 

out of hole, which increased both risk to surface person-

nel and the likelihood of sticking the BHA in solids and 

fill buildup.

The modeling software provided an accurate opera-

tional plan, including accurate total flow analysis, well-

bore hydraulics, extended-reach modeling, WOB simu-

lation and on-the-job force matching. When completed, 

the ICT BHA consisted of a CT connector, motorhead 

assembly, integrated sensor assembly, extended-reach 

fluid hammer tool, centralizer, X-treme series positive 

displacement motor and a mill. Real-time data enhanced 

motor performance, prevented stalls and monitored 

real-time downhole pressures and temperatures.

The team completed the millout in just 34 min-

utes—10% of the time that had been spent in previous 

attempts. After the mill broke through, the remnants 

were easily pushed to the toe of the well. 

The modeling software  
provided an accurate  

operational plan, including  
accurate total flow analysis,  

wellbore hydraulics,  
extended-reach modeling,  

WOB simulation and on-the-job 
force matching.
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AUVs 

Michael Lee, ABS

G
reater concern about the safety of deploying per-

sonnel into an underwater environment is one of 

the drivers for pursuing new ways to survey subsurface 

assets. In response, AUVs are seeing broader use in the 

oil and gas industry.

Because AUVs have no umbilical and can operate at 

a distance from a host support vessel, they offer a num-

ber of advantages over the industry-dominant ROVs. 

Unlike tethered ROVs, AUVs can work in obstructed 

areas, maneuvering themselves to a work site using a 

self-contained power system and finding their way in a 

particular direction at a specified depth and speed using 

internal and external positioning sources. AUVs typically 

are more compact than ROVs and can work much more 

closely to the assets and with the potential of producing 

more accurate data.

AUVs can deliver cost-effective inspections in deep 

water and are being used to survey and inspect pipelines 

and flowlines and to verify the integrity of subsea struc-

tures. AUVs also are being used in geohazard surveys 

to obtain information on soil conditions and to identify 

potentially hazardous subsurface features. And more 

frequently, AUVs are being used for as-built surveys to 

verify newbuild pipeline conditions.

While AUVs deliver a broad range of capabilities, per-

haps the biggest advantage is that using AUVs improves 

worker safety, reducing threats to personnel by remov-

ing them from hazardous work areas.

Market outlook
Unlike forecasts for many sectors in the offshore indus-

try, the outlook for the AUV market is positive. Douglas 

Westwood’s most recent edition of the “World AUV 

Market Forecast” suggests that prospective demand for 

AUVs in a range of sectors will grow over the next five 

years. While governments are expected to be the biggest 

users—with demand in 2020 for more than 700 units—

and research is ranked second, there also is forecast 

demand growth for offshore oil and gas applications. 

Altogether, AUV demand is expected to grow nearly 

50% over the next four years. Interestingly, the report 

identifies growth potential in the renewables sector in 

addition to oil and gas applications, noting that these 

areas will have the greatest growth in usage.

Tracing the history of AUVs from emerging technol-

ogy to niche applications to becoming an established 

component of offshore and marine operations, the 

report suggests that improvements in capabilities will 

expand AUV usage to new applications. 

Inarguably, there is a lot to commend the use of 

AUVs, but there are multiple areas for improvement. 

For one, these units are battery-operated, and this lim-

its the length of time they can be deployed. So battery 

research will be important in future AUV development. 

Maneuverability and retrieval could be simplified, and 

there is scope for more research aimed at improv-

ing AUV positioning and advancing sensor quality to 

improve the data being captured by AUVs. 

Research and realities
Under a master research agreement that includes several 

universities, including the University of Michigan in Ann 

Arbor, Mich., and Carnegie Mellon University in Pitts-

burgh, Pa., ABS is contributing to AUV advancement. 

Research is underway that focuses on using hover-

ing AUVs (HAUVs) and navigation systems to address 

a number of limitations experienced with current 

models of AUVs. One interesting area of research 

is exploring the possibility of using AUVs for in situ 

AUV research advances capabilities       
Benefits of AUV use continue to expand.

The engineering team launches an AUV for an in-water test. 

(Source: ABS)
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inspection of commercial structures like hulls and 

spar tanks. Through this research program a trial was 

carried out on a commercial vessel to demonstrate 

the ability of an HAUV to automatically conduct hull 

inspection using a stereo camera for noncomplex 

areas. Tests were undertaken with the HAUV outfitted 

with this new type of camera, and the first steps have 

been made to develop software to improve the ability 

to visualize large inspection datasets collected by the 

HAUV to provide the human operator with a spatial 

context and intuitive interface.

Another initiative is investigating the possibility of 

identifying exterior hull surface conditions that can be 

cross-registered to 3-D computer-aided design models 

that will augment spatial database models of assets, 

allowing better monitoring of structural integrity and 

facilitating hull stress and fatigue analysis. This project 

is supplemented by a program that is evaluating how 

improved image resolution from AUVs can be used to 

improve the 3-D image of the hull.

A third research project is looking into how data col-

lected from AUVs might be used for damage assessment 

in support of the Rapid Response Damage Assessment 

(RRDA) program, which provides an organized team of 

AUVs

Greater concern about the safety of deploying personnel into 

an underwater environment is one of the drivers for pursuing 

new ways to survey subsurface assets. (Source: ABS)
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engineers, naval architects, master mariners and support 

staff that can respond 24 hours a day during emergen-

cies. Enrollment in the ABS RRDA program provides 

asset owners with essential technical support when a ves-

sel is involved in an incident. 

While there has been marked progress in AUV 

research, much remains to be done. Future work will 

include efforts to explore methods of deploying AUVs in 

a broader range of applications, including the evaluation 

of offshore and marine assets for quality and safety certi-

fication. Advances in logistical deployment aim to simpli-

fy launch and recovery, and efficiencies will be pursued 

to make AUV use more attractive to the offshore market.

There is always room for improvement, and there 

are additional objectives beyond those achieved to 

date in this AUV research program. The goal is to 

work to improve the application of this technology 

to the point that it is mature enough to enable some 

of these initial achievements to be advanced. For 

example, AUV inspections of noncomplex hull areas 

could be improved to the level that they are applica-

ble for complex inspections. The acquisition process, 

which stands today at several days 

for a simple hull inspection, could 

be shortened considerably to pro-

vide efficiencies. And while the data 

collected to date have proven to be 

valuable, it is evident that more value 

could be extracted if the data quality 

was improved.

Technology advances  
improve classification
From the perspective of a classification 

society AUVs provide a means to 

improve surveys and inspections in a 

way that takes people out of potentially 

hazardous or dangerous environments. 

This is one of the goals of the ABS Futu-

reClass initiative, which focuses on lever-

aging data to facilitate class services and 

to provide surveyors with advanced 

inspection tools that provide greater 

insight into asset integrity while improv-

ing the safety of personnel. The goal of 

FutureClass is to make classification 

activities less intrusive and to allow asset 

owners to achieve more productive time 

by approaching classification as a risk-

based, condition-based continuous 

effort. This method of working has the 

potential to refine and reshape the role 

of classification through a proactive, 

pragmatic approach to resolving chal-

lenges, creating safety guidelines and 

advancing innovative solutions for  

safer and more efficient operations.  

By applying this methodology, it is  

possible to incorporate new technolo-

gies and capabilities to change the tradi-

tional definition and scope of 

classification services. An AUV is readied for testing. (Source: ABS)

AUVs
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UNCONVENTIONAL REPORT:  

TEXAS

Jessica Pair, Stratas Advisors

T
he downed market has fallen short of plaguing cer-
tain Texas assets to the extent that has been seen 

in other basins such as the Haynesville or some of the 
smaller Midcontinent plays. While the Eagle Ford has 
been hit somewhat hard in recent years, the Permian 
has continuously exceeded production expectations and 
overall activity trends. With breakevens in the sub-$40/
bbl range at West Texas Intermediate (WTI), operators 
and investors have made a push to gain market share 
within this basin and to deploy cutting-edge techniques 
and strategies that will position them well above the 
general curve at the onset of higher oil prices. 

The Permian has seen numerous acquisitions and 
mergers over the past year, and it is likely that this 
trend will continue as more operators vie for a spot 
in the nation’s top-tier region. Two substantial recent 
transactions involved the complete buyout of private 
operator Yates Petroleum by EOG Resources. EOG 
picked up about 200,000 acres situated within mainly 
Lea and Eddy counties in New Mexico. In addition to 

absorbing about $245 million in debt, EOG will issue 
26 million new shares, valuing the Yates assets at about 
$2.5 billion. If the entire purchase price was allocat-
ed to just the acreage, the implied multiple would be 
about $12,500 per acre, which is materially less than 
other land deals that have been recently announced. 
However, clearly there are other assets and associated 
production, so the amount allocated to acreage would 
obviously underscore the relatively low price paid by 
EOG for some prime real estate. 

The Permian in general offers some of the most 
cost-efficient acreage available. With well costs averaging 
about $6 million, the bolt-on acreage EOG acquired 
from Yates in Eddy and Lea counties will certainly bolster 
its Permian position and allow the company to shift its 
focus away from its less attractive Eagle Ford assets. 

Figure 1 illustrates the median normalized EUR and 
breakeven figures for what EOG is able to achieve in both 
Eddy and Lea counties. Currently, EOG’s breakeven is 
about 42% lower than the total median for the Delaware 
Basin, at about $36.26/bbl WTI. This is materially lower 
than what EOG currently is achieving within Lea County 
with a median breakeven close to $70/bbl, about 13% 

Texas activity in Permian  
and Eagle Ford  
Texas holds some valuable acreage that continues to provide refuge in sub-$60 oil.

FIGURE 1. EOG’s median breakeven for Lea County is 42% lower than total median found within the Delaware Basin. (Source: Stratas Advisors)
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UNCONVENTIONAL REPORT:  

TEXAS

larger than the total 
median in the Delaware. 

Similar to the EOG 
acquisition, Devon also 
has changed the land-
scape of the Permian by 
retaining a significant 
portion of its assets that 
had previously been 
up for sale. Through 
this round of acquiring 
certain locations and 
divesting others, Devon 
collected about $3.2 bil-
lion from the divestiture 
of assets within the San 
Juan, Mississippi Lime, 
East Texas, Granite Wash 
and parts of the Midland 
Basin. The retention 
of its Midland property 
gives the company about 
15 Mboe/d in legacy 
production. Figure 2 
shows each operator’s 
yearly 30-day IP range 
sized by normalized 
EUR (reserves per 305 
m [1,000 ft] of lateral). 
Devon’s average normal-
ized EUR increased by 
roughly 70% in 2015 rel-
ative to 2012. It is not as 
impressive as Concho’s 
130% increase or the 
gargantuan improvement 
recorded by Occidental; 
however, Devon has 
clearly made some steady 
gains and has shown 
itself to be a strong per-
former, though admit-
tedly unremarkable. 
Devon also has made 
it a point to be active 
within the STACK play 
in Oklahoma, and this 
shift in its focus might 
be a larger reason why 
there has been a lack of 
significant improvement 
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FIGURE 3. Overall EURs have increased among the top operators in the Midland Basin. (Source: Stratas Advisors) 
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in the overall drilling program on its Midland acreage. Across the Midland 
Basin many operators have made advancements on improved EURs and IP 
rates since early 2012. However, Devon has not seen the significant increases in 
its drilled wells when compared to the top three operators (Figure 3). Concho 
Resources has shown the largest increase in overall EUR at about 64% from its 
2014 EUR of 99 Mboe to its 2015 EUR at 162 Mboe. Unfortunately, Devon has 
remained steady in its EURs over the past several years at 62 Mboe in 2014 and 
69 Mboe in 2015. 

Despite the slowdown in the markets over the past several years, the Permian 
has not been lacking in economic acreage. The Midland Basin’s economics 
have provided a sort of “safe zone” for operators that are currently positioned 
within it, with typical breakevens below $60/bbl. In spite of these economics, 
the Delaware does still provide ample acreage positions and well results that 
will typically win over activity in the Midland. Along with these top operators, 
Figure 4 shows the median breakevens for the last three years in the Midland 
Basin. Currently, Devon shows the highest breakeven among these operators 
at $64/bbl in 2015, while Concho is achieving median prices of $44/bbl. Each 
operator listed has been able to reduce its overall breakeven target year-over-
year, and in the current environment of sub-$50/bbl oil, these operators are 
faring quite well. 

When looking at the economics of major sub-basins in the region, the 
Delaware shows the lowest weighted average breakeven at about $31/bbl 
WTI, while the Midland shows the highest, at about $45.40/bbl (Figure 5). 
The Eagle Ford shows a lower breakeven of $36.90/bbl, which brings it 19% 
lower than the Midland Basin currently and 17% higher than the Delaware. 
Over the past several months activity has been largely focused within the 
Permian Basin as operators are continuing to de-risk prime acreage loca-
tions and optimize drilling within their strongholds. The Eagle Ford has 
remained on the radar as having activity within its core area of Karnes and 
the neighboring counties; however, Stratas Advisors does not anticipate 
more of a focus shift to the Permian’s northern neighbor in an attempt to 
maximize profits until the markets rebound. Even though low oil prices 
remain low, Texas’s pristine basins are at the forefront of economic devel-
opment for shale operators.  

For more information, contact Jessica Pair at 713-260-4604 or jpair@hartenergy.com.
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FIGURE 5. The Delaware Basin provides the lowest breakevens among Texas oil plays, 

with the Midland showing the highest. (Source: Stratas Advisors)
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James A. Stanczak, SPX FLOW Inc.

E
ven as the oil and gas industry continues to navi-
gate the volatile market that has seen fluctuating 

oil prices, operators, service providers and suppli-
ers alike are adapting and evolving their businesses 
through new service models and delivering innovative 
products that improve operational efficiencies and 
increase uptime. 

One of those key products is the control valve, which 
is typically used to regulate flow, temperature, pressure 
and fluid level across a variety of applications including 
production, refining and processing, gas storage and 
transport, and liquid transport. According to the World 

Control Valves Market—Opportunities and Forecasts, 2014-

2022 report by Allied Market Research, there will be a 
significant growth in the global control valve market 
over the next five years, with the market expected to 
reach $13.6 million by 2022 at a compound annual 
growth rate of 7.6% from 2016 to 2022. The oil and 
gas and power market is leading the way in terms of 

demand for control valves, with North America being 
the largest regional market. 

Despite the optimistic outlook, the current challenges 
of this downturn with declines in capex and opex bud-
gets oftentime shine a light on problematic applications 
where current control valve technologies deliver less 
than adequate performance, prompting operators to 
search for a more flexible, reliable and cost-effective 
solution. SPX FLOW’s general service control valves, 
for example, are cost-effective options for delivering 
reliable and versatile performance for nonsevere flow 
control of most liquids, steam and gases. 

For more severe and critical-duty services, severe-duty 
control valves are designed for compressor antisurge/
recycle, pump recirculation, vent-to-flare and wellhead 
choke applications that often experience flashing, cav-
itating and sonic flow conditions or applications that 
generate high levels of noise and vibration levels in a 
general service valve.

Control valve trim
A key component of any control valve is the trim, which 

controls the process application envelope, 
even under extremely high-pressure drops 
and flow conditions as well as preventing 
valve damage by eliminating a variety of con-
ditions such as flashing, cavitation, wire draw-
ing, erosion, noise, vibration and instability. 

The RAVEN trim developed by Copes-
Vulcan, an SPX FLOW brand, enables the 
control valve system to reduce and main-
tain flow velocities at low levels, resulting 
in quiet, noncavitating and nonerosive 
operation. These results stem from the 
unique enhanced design that takes the 
well-known labyrinth stacked-disk veloci-
ty-control technology and introduces two 
new features: reduction in trim outlet 
noise and higher tolerance to the effects 
of particulate blockage. 

The inherent capabilities of the laby-
rinth stacked-disk technology allow easy 
customization of the trim to match the 

Improving velocity control and  
reliability of control valves 
New control valve trim delivers quiet, noncavitating and nonerosive service.

The design of the RAVEN trim has numerous split flow channels to remove kinetic 

energy from the fluid and gradually lower the pressure. (Source: SPX FLOW)
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process condition envelopes that would otherwise 

require multiple valves or that might otherwise 

cause irreparable damage to the plug, trim or seat 

of stacked-disk trim control valve design of other 

valve trim types. 

Resistance to particulate blockage effects
In conventional labyrinth stack designs, particulate 

blockages in the stack jeopardize all or a portion 

of the system controllability, and in the case of a 

partial blockage, excessive noise also can be gener-

ated. To resolve these problems, the RAVEN trim 

combines an expanding tortuous passage design 

with multiple entry points to individual flow pas-

sages, significantly decreasing the impact or chance 

of particle blockages. The trim also incorporates 

relief points, which under normal operation have 

virtually no flow through them. In the event of a 

blockage, the relief points (inlet and outlet ports) 

minimize the impact on the controllability and 

capacity and ensure the integrity of the system. 

Noise reduction
The labyrinth-type trim has been widely accepted over 

the past two decades as the best solution for high- 

velocity flows resulting in high noise and vibration. 

Their wide acceptance is based on the concept of 

reducing mass flow and strict control of the velocity 

of the trim’s medium. SPX FLOW developed the 

next-generation trim when it found that by splitting 

the outlet flow of each labyrinth path into three or 

more small mass flows rather than the one large flow, 

noise could be reduced by 3 dBA over that produced 

in a typical labyrinth arrangement. 

The combined effect of numerous split flow chan-

nels—each with many sharp turns and a continually 

expanding flow path—more efficiently removes kinetic 

energy from the fluid by gradually lowering its pressure. 

As a result, abrupt velocity increases, which are the 

source of noise, are avoided. 

Improved velocity control 
The RAVEN trim’s design has numerous split flow chan-

nels, each with sharp turns and expanding flow paths 

that remove kinetic energy from the fluid and gradually 

lower its pressure. By limiting fluid velocities inside the 

valve, the trim precludes problems typically associated 

with high velocity such as erosion, noise, vibration and 

poor control. An additional benefit occurs in liquid flow 

by eliminating cavitation and the damage it can do to a 

valve, its trim and the downstream piping.

The actual gaseous flow through RAVEN trim shows the 

visible attachment phenomenon wherein the flowstream 

clings to each obstruction in its path, effectively taking the 

line of least resistance. In addition, despite the multiple 

relief points in the flow path, the fluid does not recombine 

within the RAVEN trim. Instead, the flowstreams remain 

virtually separate from each other, ensuring optimal veloc-

ity control. High velocity is a root cause of noise and vibra-

tion that can cause seal failure, instrumentation problems 

and cracking of valve components. Because the RAVEN 

trim has high velocity control capabilities, vibrations are 

eliminated, ensuring longer service life and reliability to 

the valve and nearby piping and machinery.

Quick-change design
Customers expect a long service life for severe service con-

trol valves. However, system upsets do occur, which might 

require an unplanned control valve repair. Fortunately, the 

RAVEN trim employs a quick-change design that enables it 

to be easily removed and replaced from existing valves with-

out having to remove the valve from the operating pipeline. 

In fact, the trim can be quickly customized to fit existing 

valves manufactured by other suppliers. These retrofit 

options can be pre-engineered and included in mainte-

nance budgets as a spare trim component, which results in 

a significantly lower cost option compared to replacing the 

entire valve, making it a cost-effective option in an environ-

ment driven by low capital and repair expenditures. In 

addition, operators experience a shorter installation time as 

most trim refits can be completed onsite within a one-day 

time frame.  

The RAVEN trim enables a control valve system to reduce and maintain flow 

velocities at low levels, resulting in a nonerosive operation. (Source: SPX FLOW)
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Deanna Murray, DISYS 

F
alling crude oil and product prices have driven higher 
U.S. oil demand in recent years. Through the first five 

months of 2015, the price of crude averaged $52/bbl, 
compared to $100/bbl over the same time in 2014. 

Many diverse factors combine to determine prices 
in a globally integrated oil market. About 60% of the 
world’s oil supply is traded internationally, and partic-
ular sources of oil can be interchangeable within the 
limits set by the oil’s quality. Consequently, the price of 
oil is global. 

No matter where it is produced or consumed, the 
price tends to move in the same direction at a similar 
rate. New supplies or disruptions to existing supplies 
will impact prices around the world, no matter where 
those events occur. Similarly, a change in demand in 
any particular country is likely to affect prices globally.

With energy consumption growing, pressures are 
tightening on the oil and gas industry as the demand for 
hydrocarbon fuels continually rises despite extraction 
becoming more challenging. While the high cost of ener-
gy has enabled the commercial exploitation of shale gas, 
traditional oil and gas companies need to go farther and 
deeper to locate new fields.

However, operational realities require this to be done 
with more transparency, greater investment in safety 
and with larger consideration for the environment and 
the bottom line.

As of now, the oil and gas industry remains confident 
in its ability to grow and meet demand. But there are 
areas where the industry is exercising great caution as it 
is seeing higher costs as a barrier to growth. 

How does this industry, historically behind the curve 
in technology due to manual processes, meet the 
demand in a time- and cost-effective way that will not 
negatively impact the consumer?

The answer is the digital oil field.

What is the digital oil field?
The digital oil field maximizes oilfield recovery, elim-
inates nonproductive time and increases profitability 
through the design and deployment of integrated work-
flows. The digital oil field combines business process 
management with advanced IT and engineering exper-
tise to streamline and, in many cases, automate the exe-
cution of tasks performed by cross-functional teams.

The term “digital oil field” has been used to 
describe a variety of things, and its definition has 
encompassed an equally wide variety of tools, tasks 
and disciplines. All of them attempt to describe 
various uses of advanced software and data analysis 
techniques to improve the profitability of oil and gas 
production. Common recurring themes of the digital 
oil field include:
•Operational efficiency;
•Production optimization;
•Collaboration;
•Decision support;
•Data integration; and
•Workflow automation.

Bridging the gap: the digital  
oil field and its data
Challenges remain in implementing the digital oilfield concept to all operations.

The digital oil field includes a suite of integrated solutions. (Source: DISYS)
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Cost reduction is a major growth driver for the digital 

oilfield market, according to a research report on the 

global digital oil field that states that the entire oil and gas 

industry needs to optimize operations, increase efficiency 

and reduce operational costs. Research suggests that dig-

ital oilfield technology will gain prominence during the 

forecast period of 2015-2019 as it offers a high return on 

investment by increasing production efficiency. Integrating 

high-tech systems in oilfield production provides concise 

real-time accurate information and allows better control 

and continuous monitoring of subsea infrastructure.

A research report on the digital oilfield market 

indicates the global market for the digital oil field is 

expected to rise at a healthy compound annual growth 

rate of 7.9% through 2019 and 5.6% for projections up 

to 2024. The Middle East and Asia-Pacific regions are 

expected to show the highest growth rate period under 

consideration in this report. The report indicates that 

this astounding growth is dependent on the implemen-

tation of digital oilfield technology.

Data in the digital oil field
Oil and gas companies must capture and manage more 

data than ever before—and that information is being 

churned out at an ever-increasing velocity. According 

to industry analyst firm IDC, the digital universe now 

includes 2.7 zettabytes of data (that’s almost 1.1 trillion 

gigabytes). Companies are struggling to store, analyze 

and gain useful information from these huge volumes 

of data.

For oil and gas firms, advances in instrumentation, 

process automation and collaboration are increasing 

data volumes even faster. Experts believe these volumes 

are growing by a factor of five each year.

There are hundreds of technologies being devel-

oped to improve efficiency, assist deepwater drilling 

and provide better information for improved safety 

and disaster response as well as improve knowl-

edge-sharing and remote operations insight. However, 

for many companies, challenges still remain in rolling 

out the digital oilfield concept to all its operations as 
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well as effectively managing the increased amount of 

data being recorded.

Many of the industry leaders already are crafting 

new visions with the digital oil field in mind. Shell 

sees the digital oil field of the future as encompassing 

increased fiber-optic wells and advanced reservoir 

monitoring as well as ensuring that all assets have the 

“appropriate level of smartness” applied to them. BP 

has similar goals to roll out its Field of the Future 

Technologies across its assets. If the oil price remains 

low, optimizing all of this technology and the wealth 

of data it provides for EOR, increased safety and effi-

ciency will remain paramount.

As digital oil fields and analytics expand horizontally 

to encompass every aspect of operations and engineer-

ing, they also will expand vertically within the organiza-

tion to touch every functional discipline, from account-

ing and finance to executive management. 

Digital oil fields will become digital companies, with 

all information pertaining to the acquisition, develop-

ment, production and disposition of oil and gas assets 

being managed in a centrally administered system with 

business process management processes, orchestrated 

workflows and notifications. 

Changes to a production plan in one asset will, 

through the design of increasingly more sophisticated 

workflows that include economic analysis, roll up to a 

revised portfolio optimization plan maintained by the 

finance department, with changes in expected net pres-

ent value being made immediately available to executive 

decision makers. 
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Service enables users to deliver single-source 
start-to-finish CRI solutions 
M-I SWACO has released its iWISE integrated waste 

injection services, a comprehensive single-sourced drill-

ing waste management solution that is cost-effective and 

can substantially reduce operational risks, the company 

said. In environmentally sensitive regions, especially for 

remote locations, cuttings reinjection (CRI) can be a 

cost-effective, comprehensive option for drilling waste 

management that meets or exceeds the most stringent 

environmental standards. Limiting the risks and achiev-

ing the unequaled benefits of CRI requires surface and 

subsurface engineering analysis and diagnostic exper-

tise—before, during and after the operation. iWISE 

services include field-proven CRI technologies and 

expertise, workflows and real-time monitoring in one 

comprehensive service that enables users to deliver sin-

gle-source start-to-finish CRI solutions on time, on bud-

get and within environmental constraints. slb.com

Downhole density measurements help  
optimize wellbore placement
Sperry Drilling, a Halliburton business, has released 

the 9-½-in. Azimuthal Lithodensity (ALD) service, pro-

viding real-time density measurements and images in 

boreholes up to 17½ in. With this addition Halliburton 

offers the greatest range of hole-size capability and is 

the only service company to provide this larger wellbore 

measurement, a press release stated. ALD provides 

downhole density measurements, including high-quality 

borehole image logs, to help optimize wellbore place-

ment through geosteering and to reduce geological 

uncertainties. The measurements, delivered via LWD, 

also eliminate costly wireline conveyance runs and cap-

ture data immediately after drilling when the borehole 

is in the best condition. The 9½-in. ALD provides the 

same functionality as its smaller counterparts, including 

azimuthal density and photoelectric and acoustic stand-

off measurements. This information has a wide range 

of applications that can help determine a formation’s 

porosity, rock strength, pore pressure and borehole 

geometry. halliburton.com

Drillbits improve economics in vertical, curve 
drilling applications
Baker Hughes has released its line of Kymera XTreme 

(XT) hybrid drillbits, a press release stated. The 

bits—which combine the strengths of polycrystalline 

diamond compact and tricone bit technology—offer 

the smooth, consistent performance of previous gener-

ations of hybrid bits while improving penetration rates 

and runlife. 

Kymera XT 

drillbits are 

available in 

a variety of 

designs, each 

capable of 

addressing spe-

cific challenges 

in numerous 

applications, 

formation types 

and hole sizes. 

The Kymera 

XT bits drill much faster than previous generation 

hybrid bits and offer a dynamic balanced design that 

reduces torque fluctuations to minimize damage to  

the bit and deliver efficient, effective performance  

in both vertical and curve sections. They also offer 

greater steerability and control in difficult environ-

ments, including carbonates and interbedded forma-

tions. The Kymera XT bits’ sharper, more durable 

cutting structures incorporate enhanced shapes and 

carbide grades for improved aggressiveness and acceler-

ated penetration rates. These advanced designs provide 

added toolface control, enabling the drilling of longer 

distances at higher buildup rates than was previously 

possible while maintaining a high-quality borehole 

throughout extended runs. bakerhughes.com

Automated shear history simulator simplifies 
fracturing fluid analysis 
The Chandler Engineering Model 5600-Auto Shear 

History Simulator simplifies the process of preparing 

and loading water-based fracturing fluids into rotational 

viscometers, according to a press release. Shear history 

simulators have proven especially useful for determin-

ing how well fracturing fluids perform in transporting 

proppants. The process begins with a gel-based fluid 

that is placed into a pressurized supply reservoir that 

delivers the fluid to an injection pump. The fluid is 

pumped through a combination of tubes at various rates 

and durations to simulate pumping conditions experi-

enced during fracture treatments. Pressure is applied 

to the reservoir via an air regulator mounted onto the 

face panel. The gel pump is constructed of high-pres-

sure corrosion-resistant stainless steel and is driven by a 

servo motor that can deliver 0 ml/min to 140 ml/min. 

An additional stainless-steel HPLC additive pump is able 

to deliver 20 ml/min of Crosslinker. The Model 5600-

Auto features 2,000-psi maximum operating pressure at 

The Kymera XT bits drill much faster than 

previous-generation hybrid bits.  

(Source: Baker Hughes)
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ambient temperatures including multiple tubing confi g-

urations, four shear history tube assemblies, convenient 

manifold connection to a Model 5550 viscometer and 

a panel-mounted computer with touchscreen interface 

and automatic loop-fl ushing features. chandlereng.com

Pressure pump designed to achieve higher 
fl ow rates with less pulsation
JJ Tech has released the Hydra-Cell Q155 medium 

pressure pump for production, according to a press 

release. The Q155 medium pressure pump is a fi ve-cyl-

inder version of the Wanner T100 three-cylinder pump. 

The addition of two more cylinders allows the pump 

to achieve higher fl ow rates with less pulsation. The 

Q155M is the fourth model to be tested in a series of 

high-horsepower fi eld tests implemented by JJ Tech. 

The fi rst Q155M alpha fi eld test pump was placed into 

production in March 2015 and was followed quickly by 

two additional fi eld test pumps. All three test pumps 

were paired with JJ Tech 2.5 Select Jet Pumps and ran 

successfully for more than a year in the fi eld before pro-

duction models were released. j-jtech.com

World’s longest stroke rod lift system designed
Sure Stroke Intelligent Lift Systems (SSi), a Tundra 

Process Solutions Co., has completed design and con-

struction of the longest stroke-length artifi cial lift system 

in the world, according to a company press release. The 

newly released SSi Model 350 reciprocating rod pump 

system is capable of handling peak polish rod loads up to 

35,000 lb at a 372-in. stroke length. At full load the unit 

can operate at more than six strokes per minute. The 

SSi system’s ultralong stroke and adjustable-speed oper-

ation will allow oil producers to obtain desired pump 

production at low peak loads with fewer cycles. The oper-

ational lifespan of the rod system and downhole pump is 

extended while tubing wear is mitigated. As a result, total 

power required to produce equivalent fl uid volumes is 

reduced. The SSi system also is not wellhead-mounted, so 

readiness for workover requires no cranes or additional 

manpower and takes only 15 minutes. SSi equipment is 

easily set up, often in less than 4 hours. ssilift.com

MWD shock absorber prototype for fi eld testing
LORD Corp. has deployed the Generation 3.0 pro-

totypes of the SoftShoe product line for fi eld testing, 

a press release stated. The next-generation SoftShoe 

was developed to protect probe-style MWD tool strings 

from high-energy axial shock. This new generation is 

designed with a dual compression compliance element 

as compared to single compression in previous versions 

to provide additional longevity. The 

improved design ensures that whether 

a net compressive or a net tensile load 

is applied, the proprietary working 

elastomer section is put into com-

pression. The design features dual 

compression operation, replaceable 

elastomeric package and natural fre-

quency of 80 Hz. It also isolates instan-

taneous shocks at critical electronic 

frequencies (200-plus Hz) and attenuates high-energy 

transient shocks (duration ≤3 ms). lord.com

Systems ensure a permanent annular barrier 
Archer Oiltools has released the new product family 

“Stronghold” for a series of perforating, washing and 

cementing systems, a press release stated. Stronghold 

encompasses modern perforation, wash and cement sys-

tems for a permanent annular barrier. The Stronghold 

systems consist of the Barricade, Defender and Rampart 

systems. The Barricade system perforates, washes and 

cements the annulus, creating a rock-to-rock barrier 

in one trip. The Defender barrier test system enables 

operators to perforate and test annular barrier. And 

Archer’s new Rampart cup-less system perforates, cleans 

and cements the annulus, also creating a rock-to-rock 

barrier in one trip. archerwell.com

Hydrogen sensor, gas detector designed to 
optimize performance
Tyco Gas & Flame Detection has released two new prod-

ucts: the Meridian hydrogen sensor and the Gasurveyor 

700 (GS700), according to company press releases. The 

The next-generation SoftShoe was 

developed to protect probe-style MWD 

tool strings from high-energy axial shock. 

(Source: LORD Corp.)

Washing ports and swab cups are included in the Barricade 

system. (Source: Archer)
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Meridian hydrogen sensor comes standard with two user- 

selectable gas ranges, 4% by volume or 1% by volume, and 

is ideal for hydrogen detection in environments where 

catalytic bead sensor use is impractical or available power 

is limited. The sensors employ an electrochemical sensing 

element that needs recalibration just once every three 

months for optimum performance. In addition, the GS700 

is a highly configurable infrared gas detector. Both light-

weight and user-friendly, the GS700 includes a natural gas 

discrimination feature that allows the end-user to quickly 

determine the source of a gas leak. The GS700 also ensures 

compliance through intelligent data logging and GPS map-

ping, simplifying data collection and allowing better deci-

sion-making from tracking data reports. The durability and 

3-lb portable functionality of the GS700 enables workers 

to maneuver the device in demanding environments and 

harsh conditions. TycoGFD.com

Drilling semisubmersibles for harsh areas
GustoMSC has released a new harsh-environment drilling 

semisubmersible series, the OCEAN-HE, a press release 

stated. The OCEAN850-HE and OCEAN1600-HE form the 

basis for the mid-water and deepwater harsh environment 

regions of operations, respectively. The semisubmersible 

hull shape is designed for low-motion characteristics and 

optimum station-keeping capabilities. The OCEAN1600-HE 

is the top of the range and the largest drilling semisubmers-

ible design by GustoMSC. With a maximum displacement 

of about 70,000 tons, a large derrick, DP3 and a 16-point 

mooring system for station-keeping combined with a large 

deck area and large variable deck load, it aims at the high-

spec deepwater spectrum. It is designed to cope with North 

Atlantic environmental conditions. GustoMSC.com

Shaped charge lines designed for  
unconventional reservoirs
DynaEnergetics has released two families of shaped 

charges designed specifically to enhance well productivity 

and operational efficiency in unconventional reservoirs, 

according to a product announcement. The new HaloFrac 

shaped charge line incorporates DynaEnergetics’ latest 

technological advancements in liner materials and shaped 

charge geometry to improve hydraulic fracturing perfor-

mance. HaloFrac delivers improved reservoir connection 

and increased total EUR as well as a reduction in well total 

cost of operations. Perforating with HaloFrac creates tun-

nel-tip fractures and ideal reservoir access for hydraulic 

fracturing fluid. This results in lower and more consistent 

breakdown pressures, uniform proppant placement, 

reduced screenouts, highly uniform frack clusters and 

higher well productivity ratios. The second line, FracTune, 

delivers uniform hole diameter in the well casing inde-

pendent of shot phasing and gun positioning within the 

wellbore. Wells perforated with FracTune show low varia-

tion in flow and pressure across the perforations, uniform 

proppant placement, uniform frack clusters and reduced 

screenouts. dynaenergetics.com

Subsea cleaning system for pipeline care
Pipetech has released a new cleaning system for subsea 

infrastructure called the Deep Water Cleaning System 

(DWCS), a press release stated. The technology uses 

no chemicals, only water, to clean any subsea system to 

its original state. The high-pressure system carries away 

everything in its way—deposits of calcium, polycarbon-

ates, copper, sulfur, coal, asphalt—removing even rock- 

hard concrete deposits. The system is designed to reduce 

downtime and return the pipeline to its original state. 

The technology is not dependent on any auxiliary vessel 

to place the device on the seabed. The equipment is sunk 

through the moonpool of the rig and down to the subsea 

infrastructure, where it is placed over the wellhead. An 

ROV connects the water supply, and the unit is secured to 

the manifold with a pipe end connection tool. Then the 

cleaning operation begins. The equipment has a rotating 

hose drum that is used to feed the hose and nozzles into 

the pipe gates. This configuration means that the line is 

kept taut, preventing pigtails and cavitation from arising. 

The nozzles handle all kinds of bends with ease and can 

be navigated in many directions. pipetech.no

Water treatment unit removes toxic elements 
Veolia has delivered an MPPE water treatment unit for 

the Ichthys LNG Project FPSO unit, a press release stated. 

The company’s MPPE unit will be used to treat the gas/

condensate-produced water stream on the Ichthys LNG 

Project’s FPSO unit. The MPPE unit will remove dissolved 

and dispersed toxic constituents, resulting in a zero harm-

ful discharge to the environment. The ± 450-ton MPPE 

module unit, containing two parallel MPPE units, has 

been successfully loaded to Korea and placed on the 

FPSO unit. veoliawatertechnologies.com/en 
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Mark Thomas, Editor-in-Chief

S
outheast Asia’s E&P business has been on some-

thing of a roller coaster ride over the past year or 

two. The region’s ups and downs have seen its estab-

lished producing basins struggle to attract explorers, 

while paradoxically several world-class projects have 

or are successfully coming to fruition that will place it 

fi rmly in the spotlight.

Indonesia, Australia and Malaysia all have major fi eld 

developments involving multiple billions of dollars that 

were sanctioned in better times that have or are due to 

start producing, such as Bangka (Indonesia), Kanowit 

(Malaysia) and Prelude (Australia). But all are facing 

a dramatic drop-off in terms of new exploration and 

fi eld project activity as this crop of developments comes 

online with little else set to follow.

Microcosm
Indonesia is a microcosm for the region as a whole. Its 

recent history is marked by falling oil production but 

rising gas output, while the country’s exploration sector 

has been a disappointment for the past decade. 

The resulting dearth of potentially signifi cant devel-

opment projects failing to come over the horizon has 

the government scrabbling to try to generate some 

activity. Much the same can be said for many of the 

region’s established producers.

Indonesia’s underlying drivers are good—the coun-

try’s economy is growing, and domestic energy demand 

is rising—but it is relying on the development of small-

er and more challenging fi elds to meet its near-term 

requirements, which is something that will not suffi ce in 

the longer term. 

There are encouraging early signs emerging, with the 

country forging ahead with plans to raise its exploration 

and development activity levels, including approaching 

both domestic and regional players to help meet its 

targets. Indonesia’s Coordinating Minister for Maritime 

Affairs Luhut Binsar Panjaitan, who also is acting min-

ister for energy and mineral resources, recently invited 

neighboring Malaysia’s state-owned giant Petronas to 

join with it in an exploration campaign covering 10 new 

blocks alongside its Indonesian counterpart Pertamina.

The invitation was extended during a meeting with 

Malaysian Deputy Prime Minister Ahmad Zahid Hamidi 

in Malaysia, with Zahid stating that Pertamina would 

be offering seven oil and gas blocks in the Exclusive 

Economic Zone and three in Natuna Islands through 

an open tender. The deputy prime minister added that 

the invitation would “open new cooperation opportuni-

ties between the two state players,” something that will 

make other operators and the contracting community 

sit up and take notice.

“Petronas is now focusing on exploration within 

ASEAN [Association of South East Asian Nations] for 

better management and reduced cost,” Zahid said.

Momentum
Other evidence of momentum associated with Pertami-

na’s goals was the company’s stated intent to sign a pro-

duction-sharing contract (PSC) to develop the giant East 

Natuna Block with Exxon Mobil and fellow regional state-

owned player PTT Exploration and Production of Thai-

land. The target is to bring the block to an operational 

development stage by 2019.

Pertamina already has met with representatives of 

Indonesia’s Ministry of Energy and Mineral Resources’ 

Indonesian roller coaster 
no amusement ride
Indonesia’s upstream sector, after a decade of production decline 

and several years of investor uncertainty, is fi nally upping its game. 

The Chevron-operated Bangka Field offshore Indonesia came 

onstream at the end of August, fl owing via subsea wells to the 

West Seno fl oating production unit, which is supported by a 

tension-leg platform for the gas production. (Source: Chevron) 
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(MEMR) oil and gas directorate general to discuss the 
issue and said the terms and conditions still are being 
studied. According to MEMR’s director general for oil 
and gas, IGN Wiratmaja Puja, the government would 
grant incentives to Pertamina to develop the block, add-
ing that timely signing of the PSC would help achieve 
fi rst production in 2019 while the joint venture contin-
ues an ongoing two-year study on the fi eld.

The East Natuna Block PSC area has proven gas 
reserves of 1.30 Tcm (46 Tcf), but its development will 
be technologically challenging because of the fi eld’s 
high concentration (an estimated 72%) of CO2. 

The estimated cost to develop the block’s sour gas 
resources is likely to be high, with the partners facing 
potential development costs of anywhere between $20 bil-
lion and $40 billion, although the industry’s cost squeeze 
is likely to substantially reduce this current estimate.

The East Natuna concession also could yield estimat-
ed oil reserves of 46 MMbbl that lie underneath the 
gas reservoir, which could produce at a rate of between 
7,000 bbl/d and 15,000 bbl/d of oil.

Smaller fi elds
An example of the type of smaller marginal fi eld proj-
ects that Indonesia is increasingly needing to rely on at 
present are a handful of stranded gas fi elds in onshore 
acreage Pertamina holds in the Riau, Jambi and South 
Sumatra provinces.

The company has agreed to work with Andalas Energy 
and Power to fast-track the development of these fi elds 
to help meet Indonesia’s overall goal of increasing its 
electricity generation capacity by 35,000 MW by 2019. 
Both companies will primarily focus on identifying a 
minimum of fi ve stranded gas fi elds in the acreage that 
could be suitable for sub-100 MW gas-to-power develop-
ment in the form of an independent power project.

When the candidate fi elds have been decided upon, 
both companies will sign an exclusive joint development 
agreement to design, construct, fund and operate inde-
pendent power projects for each fi eld, with other poten-
tial partners to then be invited to join the various joint 
development agreements and work toward commercial-
izing each gas fi eld, including project design, project 
cost, economic analysis and all regulatory requirements.

Bangka bonus
On a much larger scale Chevron recently began gas pro-
duction from the Bangka Field, the fi rst stage of the Indo-
nesia Deepwater Development project in East Kalimantan.

The project in the Kutei Basin includes a subsea well 
connection to the West Seno fl oating production unit, 

which is supported by a tension-leg platform for the 
offshore gas production, with the fi eld facilities having a 
design capacity of 3.12 MMcm/d (110 MMcf/d) of gas 
and 4,000 bbl/d of condensate. Chevron owns a 62% 
stake in the project, while Eni holds 20% and Tip Top 
has 18%. 

This was a project sanctioned just before the indus-
try’s downturn began, with its development wells drilled 
starting in mid-2014, and is an example of the kind of 
projects that just a few short months later were being 
delayed, deferred or cancelled entirely as the industry 
recession truly began to bite.

First gas fl owed in late August 2016 and was a signifi -
cant and welcome milestone for Indonesia, introducing 
new global deepwater technologies to the country’s 
offshore sector, including its fi rst deepwater subsea tie-
back, fi rst deepwater fl exible pipeline and fi rst installed 
single deepwater umbilical.

The Indonesia Deepwater Development project will see 
fi ve fi elds developed overall: Gendalo, Maha, Gandang, 
Gehem and Bangka. However, Gendalo-Gehem, which 
includes two potential separate hub developments each 
linked to its own fl oating production unit, subsea drill cen-
ters, natural gas and condensate pipelines, and onshore 
receiving facility, has not yet reached a fi nal investment 
decision point within Chevron.

Exploration injection
In a bid to reignite interest in its acreage to fi nd the next 
generation of projects, Indonesia’s government has now 
said it will eliminate taxes on oil and gas exploration.

Wiratmaja Puja, director general of oil and gas, said 
the government was aiming to remove all exploration 
taxes, including a value-added tax on imported goods 
and a land tax that has been a deterrent to investment 
since it was introduced in 2010. Under the new regula-
tions the government said it will provide oil and gas con-
tractors with an internal rate of return of above 15%.

While the government is working to prevent the 
country’s oil production falling in 2017 to its lowest 
level since 1969, it is also under pressure to control how 
much the government is liable for regarding meeting 
contractors’ recoverable costs. These are predicted to 
hit $10.4 billion in 2017, higher than the $8 billion tar-
geted for this year.

The industry’s contribution to Indonesia’s state reve-
nue has dropped from about 25% in 2006 to a forecast 
3.4% in 2016, according to data compiled by consul-
tants at PricewaterhouseCoopers. Oil production has 
declined from a peak of 1.7 MMbbl/d in 1991 to an 
average of 786 Mbbl/d in 2015.

http://EPmag.com


November 2016   |   EPmag.com96

international
HIGHLIGHTS

1 Colombia

Canacol Energy Ltd. announced 
results from exploration well #1-Nis-
pero. The venture hit 24 m (79 ft) of 
net gas pay with average porosity of 
17% within the primary Cienage de 
Oro reservoir target. It was drilled 
to 3,019 m (9,906 ft), and the reser-
voir was perforated in seven different 
intervals at 2,680 m to 2,935 m (8,792 
ft to 9,630 ft). It was tested on an unre-
ported choke size flowing 792,872 cu. 
m (28 MMcf) of dry gas (no water) 
with a flowing tubing-head pressure 
of 2,045 psi. An offsetting well from 
the same pad is planned at #1-Trom-
bon and will target Cienage de Oro 
in a distinct and isolated fault block. 
Two more wells are planned: #6 Nel-
son and development well #8 Nelson, 
which will target a shallow Porquero 
Sandstone reservoir in Nelson Field. 

2 Colombia

Geopark has tested appraisal well #5 
Jacana in the Jacana oil field in Colom-
bia’s Llanos Basin Block 34. The well 
was drilled to 3,495 m (11,467 ft) and 
tested with an electric submersible 
pump in Guadalupe flowing about 2.5 
Mbbl/d of 15.5-degree-gravity oil with 
less than 1% water cut. It was tested 
on a 41⁄64-in. choke, and the wellhead 
pressure was 90 psi. Additional pro-
duction history is required to deter-
mine stabilized flow rates of the well. 
After testing is completed, the rig 
will move to the northeast along the 
trend to Tigana Field. The #5 Jacana 
was drilled 780 m (2,559 ft) north and 
farther downdip of appraisal well #3 
Jacana, which encountered oil in Gua-
dalupe without oil-water contact. 

3 Argentina

Repsol-YPF, the Madrid-based opera-
tor of the Chachahuen Block in Men-
doza Province, Argentina, provided

an update of recent activity in the 
Neuquén Basin. In the Chachahuen 
Sur evaluation block, #1-x La Orilla 
was drilled to 1,353 m (4,439 ft) to 
test a four-way closure structure, tar-
geting Centenario and the deeper 
Tordillo and Lotena. It encountered 
oil and gas shows in the lower Cente-
nario, Tordillo and Lotena. The #1-x 
Cerro Redondo was drilled in the 
Chachahuen Sur Block and targeted 
Rayoso Sandstone. It was drilled to 
1,810 m (5,938 ft) and encountered 
good-quality reservoir sandstone with 
a net oil pay of 6 m (19.6 ft). The well 
produced 135 bbl/d of oil after frac-
turing. Additional appraisal testing is 
planned in the Rayoso Sandstone.

4 Canada

Operations have resumed at the 
#1-Bourque prospect in Quebec’s 
Gaspe Peninsula, and Petrolia is reen-
tering and completing the well. The 
lower section of the well will be aban-
doned, and four cement plugs will 
be placed at depths from 1,780 m to 
2,746 m (5,840 ft to 9,009 ft). A devi-
ated section will be started at 1,230 m 
(4,035 ft) and progressively deviated to 
reach a near-horizontal angle at 1,700 
m (5,577 ft), 1,505 m (4,938 ft) true 
vertical, before setting intermediate 
casing. The venture’s planned depth is 
3,450 m (11,319 ft), and the planned 
true vertical depth is 1,288 m (4,226 
ft). After the horizontal leg is drilled, 
it will be logged and completed with 
casing set at the top of the horizon-
tal section. Petrolia’s next well will 
be about 20 m (66 ft) to the north at 
#3-HZ Bourque, with a planned depth 
of 3,150 m (10,335 ft). The well will be 
drilled vertically to 1,006 m (3,300.5 
ft) and will test Forillon.

5 Canada

An assessment by Nalcor Energy 
Oil and Gas indicates that the 

resource potential of the West 
Orphan Basin in the Canadian 
North Atlantic contains 25.5 Bbbl 
of oil and 583 Bcm (20.6 Tcf) of 
gas. The independent assessment 
is based on new data covering 
nine parcels in a 20,000-sq-km 
(7,722-sq-mile) area in the New-
foundland and Labrador offshore 
area. Partners in the assessment, 
TGS Nopec Geophysical and 
Petroleum Geo-Services, acquired 
2-D seismic data in the underex-
plored slope and deepwater areas 
of the province’s offshore. This is 
the first time a 3-D survey has been 
conducted offshore Newfoundland 
and Labrador in advance of a gov-
ernment-scheduled license round. 

6 Egypt

Eni has completed #5x Zohr, the 
fifth well on the Zohr structure. 
Testing has confirmed the poten-
tial of the field at 849 Bcm (30 Tcf) 
of gas in place. The well was drilled 
to 4,349.8 m (14,271 ft) in 1,538 
m (5,046 ft) of water. The venture 
produced more than 1.4 MMcm/d 
(50 MMcf/d) of gas, which was 
limited by drillship production 
facilities. In the production con-
figuration the well is estimated 
to deliver up to 7 MMcm/d (250 
MMcf/d) of gas. The well proved 
the presence of a carbonatic reser-
voir and gas accumulation also in 
the southwestern part of the Zohr 
structure and encountered a 180-m 
(590.5-ft) continuous hydrocarbon 
column in the carbonate sequence 
with excellent reservoir character-
istics. The test also opened a 90-m 
(295-ft) reservoir section to pro-
duction. A sixth well is planned.

7 Thailand

Chevron Corp. plans to spend 
$28.8 million for several projects 
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in the Gulf of Thailand. Most of 

the activity will be focused on drill-

ing 300 to 400 appraisal wells in 

the Erawan and Bongkot blocks to 

maintain gas production capacity. 

Erawan is operated by Chevron, 

and Bongkot is operated by PTT 

Exploration & Production in part-

nership with Chevron. 

8 Philippines

Polyard Petroleum International 

Ltd. announced results from an oil 

test in Block SC49 in Philippine 

waters. The #3-Polyard targeted 

four main intervals and is produc-

ing 235.3 bbl of oil and 9.022 MMc-

m/d (318.6 MMcf/d) of gas. It will 

be converted into a production well 

and will commence short-term pro-

duction. The total depth was 2,118 

m (6,949 ft), and it was drilled to 

appraise the oil and gas potential of 

the upper Maingit Sandstone and 

Lower Maingit Limestone in the 

Alegria Anticline.  

9 Australia

Santos Ltd. announced results from 

its #134-Big Lake appraisal well drilled 

in South Australia’s Cooper-Ero-

manga Basin, PPL11. The well was 

drilled as part of a fi ve-well appraisal 

and development campaign aimed at 

expanding the central development 

area of the fi eld by targeting Patcha-

warra, Tirrawarra Sandstone and 

Merrimelia, with Epsilon providing a 

secondary target. The well encoun-

tered a net gas pay of 143 m (469 ft) 

across a 681-m (2,234-ft) gross Perm-

ian section and confi rmed down-fl ank 

extension of the gas reservoirs. It has 

been cased and suspended as a future 

Permian gas producer. Santos is drill-

ing two other wells from the same 

drillpad at #136-Big Lake, #138-Big 

Lake and #135-Big Lake. 

10 Australia

Santos Ltd. has completed a three-

well appraisal campaign in the 

Coolah Complex in Queensland, Aus-

tralia’s ATP259P permit. The goal of 

the campaign was to appraise fi eld 

limits, convert existing contingent 

resources into reserves for future 

development and collect suffi cient 

information to form a development 

plan for Coolah Field. The #4-Coolah 

was completed, cased and suspended 

as a future producer after hitting 4.5 

m (15 ft) of gas pay in Tooalachee 

within a 71-m (233-ft) gross section.

Santos is the operator of ATP259P, 

the Southwest Queensland Unit and 

the Coolah wells.
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io oil & gas consulting appointed 
Richard Dyson CEO.

Swire Oilfield Services welcomed 
its new CEO, John Bruce (JB) Rae-

Smith, who succeeds Tor Helgeland 
following his retirement in August.

Dean Watson has been named 
COO of Aker Solutions. In addi-
tion, Valborg Lundegaard will lead 
the customer management center, 
Egil Boyum will lead the products 
center, Knut Sandvik will lead the 
projects center and David Clark 
will lead the services center.

Siluria Technologies 
selected Dr. Erik C. Scher 
as COO. 

Ardyne named Jochem

Scherpenisse COO. 

Santos appointed Anthony  

Neilson CFO.

Stewart & Stevenson LLC named 
Jack L. Pieper CFO.

Anadarko Petroleum 
Corp. named Darrell Hol-

lek (left) executive vice 
president of operations. 

Bob Daniels will continue as an 
executive vice president and mem-
ber of the company’s Executive 
Committee until his retirement 
later this year. Jim Kleckner, for-
merly executive vice president of 
international and deepwater oper-
ations, also is retiring.

Aqualis Offshore appointed Ben 

Lazenby director of the company’s 
Middle East operation.

Gas Technology Institute 
selected Dr. James Seaba 

as the senior director of technol-
ogy development. 

Tendeka selected Peter 

Soroka to the role of 
advanced completions com-
mercialization manager. 

InterMoor, an Acteon 
company, appointed Joe 

Price as country manager 
for InterMoor Canada. 

Eddie Valentin was named 
regional sales manager 
for HIPOWER SYSTEM’s 
Western Region. 

Tina Campbell has been 
appointed marketing 
coordinator for both 
online and offline for Elite 

Control Systems. 

PwC named Reid Morrison global 
energy advisory leader, and Kenny 

Hawsey will lead the Global 
Energy Tax practice.

The American Geosciences Insti-
tute welcomed Dr. Eve S. Sprunt as 
its president-elect, Keri A. Nutter 
as secretary and Dr. Carolyn Olson 
as the member at large to its 2016-
2017 Executive Committee.

Jakob Stausholm has resigned as a 
member of the board of directors of 
Statoil ASA with immediate effect to 
avoid potential conflicts of interests 
following his new appointment as 
Maersk group CFO.

Decom North Sea has ap- 
pointed Nigel Lees as the 
new chairman of the board.

COMPANIES

Emerson has agreed to acquire 
Permasense Ltd.

RockPile Energy Services LLC has 
acquired American Well Service LLP.

Petro Waste Environmental has 
started constructing a nonhaz-
ardous oil and gas waste landfill 
facility in Howard County in the 
Permian Basin with construction 
set to be complete in May 2017.

The Energy Industries Council

opened a new office in Houston.

Liberty Lift Solutions LLC has 
completed three expansion proj-
ects to further expand its presence 
in the installation and service of 
artificial lift equipment. The com-
pany completed the construction of 
a new facility in Bakersfield, Calif.; 
expanded farther into the Permian 
Basin with the opening of a service 
center in Hobbs, N.M.; and opened 
a facility in Oklahoma City ded-
icated to the installation, service 
and repair of gas lift systems.  

Oil India Ltd. opened a new office 
in September in Houston. 

Cyprus Hydrocarbons Co. has 
named Lloyd’s Register as inde-
pendent commercial adviser for its 
commercial exploitation of hydro-
carbons in the Exclusive Economic 
Zone of the Republic of Cyprus.

Indisa S.A. has joined Hatch 
working together as Hatch-Indisa. 
This new partnership will further 
enhance Hatch’s growing pres-
ence in Latin America.

Seanamic Group, a surface-to-sea-
bed company, acquired the busi-
ness and trading assets of IMES 

Ltd., an inspection and monitoring 
engineering solutions company.

Verisk Analytics Inc. acquired the 
data and subscriptions business 
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of Quest Offshore Resources Inc., 
which supplies market intelligence to 
the offshore oil and gas sector.

CGG has signed an agreement with 
GNPC Operating Services Co. Ltd. 
to form a joint venture company 
dedicated to conducting high-end 
2-D, 3-D and 4-D marine seismic 
acquisition and related services in 
the territorial waters of the Republic 
of Ghana.

Sparrows Group is set to further grow 
its presence in the Asia-Pacific market 
following the formation of a part-
nership between Sparrows Offshore 

Services Pte Ltd. and SapuraKencana 

Technology Sdn Bhd.

PDC Energy Inc. has entered into 
definitive agreements to acquire  
two privately held companies 
managed by Kimmeridge Energy 

Management Co. for about $1.5 
billion. The transaction includes  
about 57,000 net acres in Reeves
and Culberson counties in Texas
with an average working interest of 
about 93%. The transaction  

is expected to close in fourth-
quarter 2016.

H2R Corp. has purchased Gannett 

Fleming’s drilling equipment, founda-
tion quality assurance technology and 
laboratory facilities in Florida.

Great Western Drilling Co., a pri-
vately owned oil and gas business, was 
founded in 1936 and celebrated its 
80th anniversary as a private enter-
prise in September. 

Energy Navigator has expanded and 
relocated its Houston office. The new 
office includes onsite user training 
and lecture facilities.

Siemens opened its new power gen-
eration service center in September 
in Port Harcourt, Rivers State, Nige-
ria. The facility will support Siemens 
energy service operations and is the 
first facility of its kind for Siemens in 
West, East and Central Africa.

Wood Group has established a new 
data analytics center of excellence at 
its office in Galway, Ireland. 
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last
WORD

Phil Murray, Petrotechnics

T
he North Sea operating environment is going through 
one of its most challenging periods. The costs of E&P 

activity are rising, and the region’s aging assets and dif-
ficult production environment have led to a decline in 
operational efficiency. Then there’s the oil price. What was 
manageable at $140/bbl isn’t possible at $40 or even $90. 

The industry has to do more with considerably less. 
In almost any other industry, improving efficiency by 
following this 2-D equation would be enough. But in oil 
and gas cutting costs actually compounds the problem 
because there is a third dimension: risk. 

Unfortunately, managing these three dimensions is 
far from straightforward. In hazardous industries risk 
more often than not directly equates to changes in per-
sonal and plant safety. As operational efficiency drops, 
so does safety. The risks increase daily, and cutting 
experienced people just makes it worse. 

Maintenance backlog
Oil & Gas UK’s 2015 Health & Safety Report identifies a 
worrying tension between cost efficiency, work effective-
ness and risk mitigation.

The report shows a growing number of uncompleted 
maintenance jobs for safety-critical equipment in the North 
Sea. The number of backlogged deferred maintenance 
man-hours per installation increased from about 1,000 to 
4,000 from 2009 to 2014. Backlogged planned maintenance 
man-hours more than doubled, while corrective mainte-
nance man-hours in backlog went from about 500 to 2,500. 

Juggling the three dimensions for maintenance can 
impact maintenance strategies and work prioritization. Get 
the balance wrong, and strategies shift toward reaction and 
increasing deferrals. Planned and routine maintenance is 
increasingly prioritized behind other tasks and investment 
decisions. As a result, the backlog and overall risk increase. 

Risk, productivity and efficiency
Cost escalation, increasing inefficiency and a maintenance 
backlog at a time when the oil price has collapsed and asset 
integrity is wavering is a complex environment with unfor-
giving consequences for jobs, safety and business survival. 

Making the right operational decisions is critical at all levels 
of the organization. If this situation is to improve, organi-
zations need to manage all three dimensions equally and 
dynamically: risk in relation to productivity and efficiency. 

Operational excellence can be defined as “the sys-
tematic management of process safety; personal safety; 
and health, environment, reliability and efficiency to 
achieve world-class performance.”

EY analysts have been explicit: “For executives, the 
need for operational excellence has never been greater.” 
EY suggests operational excellence could:

• Deliver a 29% increase in production;
• Deliver savings of $30 billion over five years;
• Reduce costs by 43%; and
• Reduce safety incidents by 43%.

Operational excellence today
Operators have taken many positive steps toward achiev-
ing operational excellence. However, there is growing 
acknowledgement of persistent gaps in operational excel-
lence programs that prevent full realization of the benefits. 

The silos that have develop around business functions 
have led to functional excellence, but they also have tend-
ed to make the overall operational environment more 
complex. Increasingly, the operational reality seen at every 
level of the company is inconsistent and incomplete. 

Technology breakthrough
Operational excellence initially struggled because it 
couldn’t close the gaps between theory and operational 
reality, but that has changed. The availability of better, 
more powerful tools has coincided with the availability 
of more data. 

By crossing silos and translating operational data, 
every single person across the organization, from the 
front line to the boardroom, can be more directly 
connected to operational reality. With this informa-
tion everyone is able to make better, safer and more 
informed operational decisions.

For North Sea operators this is a critical moment. 
The business advantages of operational excellence can 
finally be achieved: lower maintenance costs, increased 
production, less risk, improved cost control and, ulti-
mately, a means for long-term survival. 

Changing the cost of North Sea oil
North Sea operators can’t change the oil price, but by achieving operational  

excellence they could change the real cost of the oil.
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