
S E P T E M B E R  2 0 1 5

REGIONAL REPORT: 

SOUTHEAST ASIA

E P M A G . C O M

Unconventional 
Exploration 
Technology

Multilaterals/
Extended-Reach Wells

Production Testing

Floating Production

HEATS UP
HP/HT challenges encourage creative solutions

SPECIAL

REPORT:

SPE ATCE 
Technology 
Showcase





UNCONVENTIONAL EXPLORATION
TECHNOLOGY

More from less  

Predicting sweet spots in 

unconventional fields

MULTILATERALS/EXTENDED REACH

Multilaterals in slot-limited platforms

expand production, limit costs

Bit-based vibration tool improves drilling

performance in hard carbonates

PRODUCTION TESTING

Know your flow

Wireless acoustic system improves 

well testing efficiency

FLOATING PRODUCTION

Scratching beneath the surface

Wanted: efficient gas treatment 

system to fit tight FPSO footprint

EXPLORATION & PRODUCTION
W O R L D W I D E  C O V E R A G E

SEPTEMBER 2015
VOLUME 88   ISSUE 9

A HART ENERGY PUBLICATION www.EPmag.com

WorldVIEW: 
Wintershall taking 
global view

14

67
71

75

79

83
87

92
97

Unconventionals: 
Utica Shale
Utica reserve estimates soar120

COVER STORY: HP/HT PRODUCTION TECHNOLOGY

IndustryPULSE:
Advanced methodologies 
for effective well-cost 
management

8

Application of DFO 
sensing in HP/HT wells38

PRESSURE HEATS UP

A different kind 
of pressure32

Newest ESP technologies
improve SAGD production,
economics

46

30

134
REGIONAL REPORT: 
SOUTHEAST ASIA

Stepped-profile PCP uses
metal-to-metal seals for SAGD50

http://www.EPmag.com






E&P (ISSN 1527-4063) (PM40036185) is published monthly by Hart Energy Publishing, LP, 1616 S. Voss Road, Suite 1000,
Houston, Texas 77057. Periodicals postage paid at Houston, TX, and additional mailing offices. Subscription rates: 1 year (12
issues), US $149; 2 years (24 issues), US $279. Single copies are US $18 (prepayment required). Advertising rates furnished upon
request. POSTMASTER: Send address changes to E&P, PO Box 5020, Brentwood, TN 37024. Address all non-subscriber 
correspondence to E&P, 1616 S. Voss Road, Suite 1000, Houston, Texas 77057; Telephone: 713-260-6442. All subscriber
inquiries should be addressed to E&P, 1616 S. Voss Road, Suite 1000, Houston, TX 77057; Telephone: 713-260-6442
Fax: 713-840-1449; custserv@hartenergy.com. Copyright © Hart Energy Publishing, LP, 2015. Hart Energy Publishing, LP 
reserves all rights to editorial matter in this magazine. No article may be reproduced or transmitted in whole or in parts by any means
without written permission of the publisher, excepting that permission to photocopy is granted to users registered with Copyright
Clearance Center/0164-8322/91 $3/$2. Indexed by Applied Science, Technology Index and Engineering Index Inc. Federal copyright
law prohibits unauthorized reproduction by any means and imposes fines of up to $25,000 for violations.

DEPARTMENTS AND COMMENTARY

Printed on 
recycled paper

ABOUT THE COVER New artificial lift treatments are enabling better heavy

oil operations. Left, workers examine the Petronas PFLNG 1 floating LNG tanker at

DSME’s yard in Okpo, South Korea. (Source: Baker Hughes; left image Petronas;

cover design by Felicia Hammons)

AS I SEE IT 
Biting the hand that feeds 7

MARKET INTELLIGENCE
Appalachian service providers brace for another slowdown 20

EXPLORATION TECHNOLOGY
Baby steps 23

DRILLING AND COMPLETION 
‘Whole lotta shakin’ goin’ on’: Part 2 25

PRODUCTION OPTIMIZATION
Fine-tuning the Marcellus 27

OFFSHORE ADVANCES
Marginal fields grow as prices shrink 29

SHALE SOLUTIONS
Produced water cleans up its act 56

OFFSHORE SOLUTIONS
Subsea compression takes shape on Gullfaks, Åsgard 59

OPERATOR SOLUTIONS
Operator: unchained 63    

TECH WATCH 
Lower costs, emissions from oilfield operations 124    

DIGITAL OIL FIELD
It’s past time to automate financial supply chain 129

TECH TRENDS 132    

GAME CHANGER
Daqing a true game-changer for China 139

VESSEL SPOTLIGHT
High-capacity vessel launched in Barents Sea 142

INTERNATIONAL HIGHLIGHTS 144

ON THE MOVE/INDEX TO ADVERTISERS 146

LAST WORD 
Collaborate to innovate 148

COMING NEXT MONTH The October issue of E&P will focus on exploration technology

and feature a special spotlight on the 85th anniversary of the Society of Exploration Geophysicists.

Other features will include potential fields, automation and drilling efficiency, deepwater production

advances, and ROVs and AUVs, and regional reports will include Australia and Brazil. As always,

while you’re waiting for your next copy of E&P, be sure to visit EPMag.com for the latest news, 

industry updates and unique industry analysis.

mailto:custserv@hartenergy.com
http://EPMag.com


ONLINE CONTENT SEPTEMBER 2015

PREMIUM CONTENT Subscribe  @  EPmag.com/subscribe

AVAILABLE ONLY ONLINE

Iran’s reentry could bring more pain

to smaller OPEC members

By Velda Addison, Associate Online Editor

Nigeria and Venezuela are likely to further

suffer when Iran ramps up production, but

solutions are in the works, according to a

recently released report.

Armour Energy: 

McArthur Basin could 

be the next Cooper
By Lauren Barrett, Hart Energy

Armour holds vast shale 

oil and gas resources in

northern Australia, mainly 

in the McArthur and South

Nicholson basins.

Brent Field nears its end
By Paul Hart, Hart Energy

Three of its four production

platforms have gone offline

and the last is expected to

be shut in soon, but the

name will live on.

Schlumberger launches seismic survey in Mexico’s
Campeche Basin
The survey offshore Mexico will cover 80,000 sq km (30,888 sq miles)

using two fleets of WesternGeco vessels, including Amazon Class.

Israel reaches deal to develop Leviathan gas field
A deal will allow Texas-based Noble Energy and Israel’s Delek Group

to keep ownership of Leviathan. They will have to sell other assets,

including stakes in the Tamar deposit, Reuters reported.

Lundin strikes oil at Luno II North prospect
The well, drilled to a total depth of 2,305 m (6,676 ft) by the semisub-

mersible drilling rig Bredford Dolphin, encountered a gross oil column of

23 m (75 ft) in Jurassic/Triassic conglomeratic sandstones.
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Companies target small fish, big prize

By John Sheehan, Hart Energy

Operators Centrica and EnQuest are acting as tech-

nology champions for this “small pool” push, with U.K.

workshops to be held in Aberdeen, Newcastle and

London to pursue such projects.
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Biting the hand that feeds
Thanks to Noble Energy, the offshore backwater of
Israel has become a world-class province, but you
wouldn’t believe it based on how it is being treated.

W
hen U.S. independent Noble Energy, its partners and the Israeli govern-
ment reached a deal recently on the development of the giant Leviathan

gas field, it was good news. The industry needs all the projects it can get.
But the hoops the company has had to jump through are astonishing and indi-

cate an alarming apparent lack of respect by Israel for what Noble has achieved.
It is great that Noble and its partners can now proceed with Leviathan. But

conditions included it selling down other assets, including its stake in the flag-
ship Tamar Field, where the recent completion of the Ashdod Onshore Termi-
nal compression project increased peak gas deliverability to 34 MMcm/d (1.2
Bcf/d). It must also divest two other finds.

Israel has screwed down the gas sales price and made Noble commit to spend-
ing $1.5 billion within two years on Leviathan. This was accompanied by absurd
comments from the country’s energy minister, Yuval Steinitz, who according to
Reuters described “years of delays” in developing Leviathan as costing Israel
“tens of billions of shekels.” 

This displays a shocking ignorance—especially by an energy minister—of
the practicalities of developing megaprojects and the technologies required,
such as FLNG facilities and long-distance tiebacks.

Here’s an insightful timeline for you:
• Israel was almost totally dependent on outside energy sources for six decades.
• Noble committed to Israel when no one else would and found Mari-B in 2000.
• Israel imported coal, diesel and gas from its neighbors and in 2009 experi-

enced a severe shortage of gas due to its main supplier—Egypt—providing
only half its agreed amount. 

• In 2009 Noble found Tamar and 254.9 Bcm (9 Tcf) of gas, appraised, devel-
oped and had it safely producing via the world’s longest subsea tieback by
April 2013—2.5 years after project sanction. Noble invested $3.5 billion.

• Israel will benefit from an estimated $130 billion in energy savings and rev-
enues over Tamar’s lifetime. Tamar also made Israel energy self-sufficient.

• In 2010 Noble found Leviathan, holding 481 Bcm (17 Tcf) and representing
extra security for Israel’s domestic market.

“More gas and oil discoveries await us,” Minister Steinitz said, urging more
foreign firms to invest in Israel. “There is no certainty on this matter, but there
is a reasonable chance that further discoveries are waiting to be made.”

If he thinks the way Israel has treated Noble, an exemplary corporate citi-
zen, indicates a cozy welcome for operators amidst possibly the industry’s
worst downturn, he is sorely mistaken. 

The country must understand and accept that explorers have 
the right to be recognized for what they do and be appropriately
rewarded over time, or else it will face a complete lack of interest. 
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Advanced methodologies for 
effective well-cost management
Following a structured process for estimating well costs can improve decision-making.  

September 2015   |   EPmag.com

M
anagers crave greater confidence in well construc-

tion costs from the inception of a cost estimate for

investment decisions through cost estimation for budg-

eting to cost tracking and control during well construc-

tion and, finally, for validity of performance tracking

and benchmarking. 

Shortfalls in well cost estimation and control occur

frequently due to three main sources: lack of defined

processes, lack of discipline and reliance on outdated or

poor methodologies. 

Framing the issue
Well costs are a significant component of many field

developments. Effective planning and control of well

costs are critical to profitability. Well costs impact opera-

tors in multiple ways.

John de Wardt, De Wardt and Co. Inc., 

and Susan Peterson, Risked Decisions
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FIGURE 1. Drilling and completion cost estimation and control framework are shown. (Source: De Wardt and Co. Inc.)
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• Well feasibility costs drive economic analysis, leading

to a project approval decision;

• Drilling budget and authorization for expenditure

(AFE) define a significant component of the expen-

diture of an operating company; and

• Actual well costs define the expenditure made and

provide reconciliation to the invoiced quantities and

industry benchmarking metrics.

Risk management identifies, assesses and then defines

mitigation or management plans. Qualitative risk analysis

prioritizes risks by assessing and combining their proba-

bility and impact. Quantitative risk analysis applies pro-

files and numerical values to assess the effect of the risks

on the project outcome in terms of schedule and cost. 

The two methods are interconnected. Initially, risks

are identified and assessed in a qualitative process to

identify and rank the most important, and then their

effect on the schedule and costs is mathematically

assessed in terms of probabilistic ranges. Probabilistic

estimating is a powerful tool that is very appropriate to

well cost estimates; it enables the range of costs in an

uncertain and risk-bound environment to be expressed

and presented in a manner that can support manage-

ment decision-making.

Cost tracking is an extremely important element for

managing drilling and completion costs. The tracking

system must be structured to capture expenditures

against the control estimate as these are committed to

enable reconciliation. This structure also must relate to

the invoicing system such that the well costs can be rec-

onciled against invoices and the total system closed out

within a very low percentage of variation.

A standardized

method of integrating

scheduling and risk

analysis with probabilis-

tic estimating provides a

comprehensive work-

flow of these highly

interdependent activities

for improved decision-

making and cost control

as shown in the drilling

and completion cost esti-

mation and control

framework (Figure 1).

Poor practices
Cost estimation and

control are often poorly

defined and executed

practices in drilling operations. Many bad practices get

copied from one operation or company to another.

Uncontrolled estimate process. Casual processes for well-

cost estimating create havoc. Unrecorded requests for

well costs are made, and the results are used in the

exploration or development project economic analysis.

Ownership. Well costs at early stages of project economic

analysis are generated outside the drilling department, invali-

dating responsibility to execute within the prognosis of the cost

range when the wells are approved. Cost estimating, budgeting

and control are often split between different entities. 

Single well cost value. Companies often allocate a single

well cost and use it in internal processing for approvals

with management before it is technically possible to gener-

ate such a defined number. As time progresses, this num-

ber becomes the “fact” that the operation must achieve,

leaving the drilling department in a no-win situation.

Deterministic-based estimates. Specific-value cost estimates

made for an environment that includes both uncertain-

ties (well design changes and drilling program updates)

and risks will consequently be wrong.

Contingency expenses. Adding a fixed percentage (such

as 10%) has no factual foundation and is an inadequate

means to capture potential cost overruns. 

Probability estimating errors. Probabilistic well costs require

rules to be followed, including limiting the application of the

Monte Carlo simulation to rolled-up cost and time elements

and incorporating correlation. Some systems disregard this

and force a normal distribution where one does not exist.

Method selection. Bottom up (micro) estimating is used

at an early stage where only top down (macro) estimat-

ing should be applied. 

DOWNLOAD
THE APP
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FIGURE 2. An example of probabilistic estimate maturation is shown. (Source: De Wardt and Co. Inc.)
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Competency. Too often oil companies treat this skill set as

something a drilling engineer can undertake while man-

aging his or her daily workload. In small operations, where

the subject drilling engineer has the requisite process to

follow and training in the skill set, this works. In larger

operations, the workload of a properly run estimating and

control team requires dedicated expert personnel.

Poor alignment with accounting. Well costs often are esti-

mated in one format, a specific breakdown structure,

while accounting uses another format and breakdown

for cost allocation. Reconciliation between the tracked

well costs and the invoiced well costs is very difficult.

AFE variances. Requests for increasing AFEs are often

recognized and processed after the cost overruns have

occurred. Earned value rules provide a means to predict

cost overruns long before these occur, enabling

approvals for AFE increases.

Value of probabilistic estimation

Probabilistic estimation and maturation are integrated

components throughout stages of well cost estimating

and control. Probabilistic estimation requires full disclo-

sure of the uncertainties and risks in well cost estimates,

quantifying their effects on the well cost estimate as eas-

ily viewed S-curve graphics.

In Figure 2, the S-curve shows the spread of results

from P10 to P90, demonstrating the range of possible

outcomes. In higher classes of estimate, the spread

under the S-curve tends to be large due to the signifi-

cance of the unknown elements in the design and exe-

cution of the wells. As the cost class progresses toward

Class 2, the curved spread reduces, reflecting the

improvement in understanding of the execution

through increased design and programming detail.

Some typical aspects of S-curves are:

• The P90 result is usually offset further from the P50

than the P10 result due to the increased opportu-

nity of overruns compared to underruns;

• The final S-curve P50 falls within the initial S-curve

P10 to P90, reflecting reduction in uncertainty and

not a change in results; and

• Development wells have a lower spread between P10

and P90 due to the more certain nature of these wells.

Adopting standardized workflow recommendations

of cost estimating and control framework improves

confidence in well-construction cost estimates,

enabling improved management decision-making.

Acknowledgment 

This article is based on SPE paper 173148-MS, presented at

the SPE/IADC Drilling Conference March 17 to 19.
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Wintershall taking global view
As the energy market continues to dramatically ebb and flow with oil and 

gas prices consistently under pressure, Germany’s Wintershall is taking a 

global approach as it bids to continue pumping up its production levels.

A
ccording to Wintershall CEO Mario Mehren, with an
annual production target of 190 MMboe by the year

2018, in addition to the pressure on prices, it is becoming
increasingly difficult to develop conventional reservoirs. 

This operational environment is demanding the
highest level of technological expertise from energy
companies. “That’s the new reality, and that’s some-
thing we have to accept,” said Mehren, who was
recently appointed CEO. “We are now tasked with
working efficiently and profitably even when the
prices are low and the conditions are not ideal.”

Over the past decade Wintershall has increased its oil
and gas production by an average of 4% per year. By way
of comparison, global production has grown by just
1.8% over the same period. 

Wintershall’s output was expanded in 2014 by an
impressive 3% to 136 MMboe, but despite the increased
production it also was able to raise its proven reserves by
a healthy 17% to 1.7 Bboe.  

Core areas targeted
Now the company is looking to boost oil and gas pro-
duction from its core areas, which include Russia, Nor-
way and the North Sea, while expanding its emerging
activities in Argentina.

Wintershall will invest US$4.4 billion (€4 billion) over
the next four years to reach its targets, Mehren said.
“Wintershall is pursuing promising projects. These
include the ongoing development of the Achimgaz proj-
ect in Siberia; the Norwegian fields Edvard Grieg, Maria
and Aasta Hansteen; and the Vega Pleyade gas project
off the Argentinean coast at Tierra del Fuego.”

One of Wintershall’s main focus areas is Argentina,
where it is not widely recognized that the company has
been producing hydrocarbons for 35 years. It holds

John Sheehan, International Editor

world
VIEW

September 2015   |   EPmag.com

A driller works on a rig located on the Achimgaz Field in Siberia,

from where Wintershall and its partner Gazprom produced 3.4

Bcm of natural gas in 2014. (Source: Wintershall)
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stakes in 15 oil and gas fields and produces 25 MMboe

there annually.

It is closely examining the potential of unconventional

reservoirs in the vicinity of the Vaca Muerta Formation

in Neuqúen Province. Since 2014 Wintershall has held a

50% share in the Aguada Federal block and started

drilling the first vertical exploration well on its acreage

in March. A second exploration well also is planned.

The company is working with Total and Pan American

South to develop the new Vega Pleyade natural gas field

in the Argentinean Sea off the coast of Tierra del Fuego.

New production wells have been sunk in the neighbor-

ing Carina Field since May 2014, which also should lead

to a production increase in the short term.

Focus on Norway
Wintershall board member Martin Bachmann told

E&P that Norway will remain a major area of focus for

the company.

“In the last five or six years in Norway we have grown

from basically no equity production to now more than

60,000 bbl/d equity production, with one major plat-

form being operated at Brage and a major subsea devel-

opment being operated at Vega [Vega South], which is

producing very well,” Bachmann said. 

Wintershall recently handed in the plan for devel-

opment and operation of the Maria development, its

first operated project in Norway, while it also plans to

develop the Skarfjell oil discovery.

Schizophyllan biopolymer EOR equipment is being used on the Bockstedt Field test site in Germany. (Source: Wintershall)
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The company has taken an active role in monetizing
some of the assets it holds in the area. It sold off a 15%
stake in the Maria development as well as stakes in four
nonoperated fields—Knarr (20%), Veslefrikk (4.5%),
Ivar Aasen (6.4615%) and Yme (10%)—to Tellus Petro-
leum, a subsidiary of Sequa Petroleum, as it looks to
rationalize its portfolio. 

“We want more operatorships, and we’re going to grow
further through the projects we have in the pipeline. Nor-
way is a major part of our strategy next to major places
like Russia, the southern North Sea and Argentina,”
Bachmann added.

Meanwhile, Robert Frimpong, managing director of
Wintershall’s Netherlands business unit, said that the
southern North Sea would remain a significant area for
the company. 

“Denmark is a continuing part of our innovative
growth story,” Frimpong said. “We
are currently in the middle of the
development phase on the Ravn
project. We have installed the plat-
form, and we still have to drill the
first two wells as part of the Phase 1
development, which is progressing.
There are a number of challenges
we have had to overcome with that
set of wells being drilled with the
Ensco 121, but we hope to have pro-
duction by year-end.”

The field is being developed via a
minimum facilities platform with
dry tree wellheads.

He said exploration was continu-
ing in its acreage in the southern North Sea, while
development options also are being considered for the
30 MMbbl-plus Rembrandt oil discovery in the Dutch
sector, where appraisal work is continuing.

Russian energy reality
Russia remains a core area for Wintershall, with Mehren
saying, “Europe will only have energy security with Rus-
sia. These aren’t geopolitical but geological facts, and
that’s why Russia will remain an important part of the
energy provision for Western Europe.” 

Wintershall and Gazprom have been working
together for the last 25 years. “Achimgaz is a prime
example of efficiency, performance and innovative
strength,” Mehren said. He pointed out that in 2014
production from the Achimgaz joint venture (JV) with
RAO Gazprom increased by more than 40% to 3.4
Bcm (120 Bcf) of natural gas. 

The JV produces natural gas and condensate from the
Achimov horizon in Block IA of the Siberian Urengoy
reservoir, situated about 3,500 km (2,175 miles) north-
east of Moscow.

“Our Russian joint ventures produce a total of 28 Bcm
[988.8 Bcf] of natural gas each year. To put that in clear
terms, that amount corresponds to one-third of the
annual requirement in Germany,” he said. 

To maintain this level, Wintershall is planning to
invest around US$549.5 million (€500 million) in the
existing Achimgaz, Yuzhno Russkoye and Volgodeminoil
projects in Russia until 2018. “Russia is and remains
Wintershall’s most important core region,” he said.

Biopolymer EOR technology 
Closer to home, Mehren said the groundwork for the
company’s technological expertise and success has been

laid in Germany. 
“The domestic production 

levels in Germany forced us to
become efficient. The production
between the North Sea and the
Alps requires endurance and cost-
effectiveness coupled with techno-
logical competence and innovative
strength. We have raw material
expertise in Germany that dates
back 120 years. That provides the
basis in forging a competitive edge
in the global arena.”

Along with its parent company
BASF, Wintershall is developing
Schizophyllan biopolymer technol-

ogy for EOR. The project aims to increase oil production
with the help of the Schizophyllum fungus. When the
fungus absorbs starch and oxygen, the split gill fungus
then generates the Schizophyllan biopolymer, which can
then be used as a thickening agent for oil production.

According to Wintershall, the substance thickens water
being injected into the reservoir and boosts the oil pro-
duction rate. First testing has been ongoing at the onshore
Bockstedt Field near Barnstorf since year-end 2012 to
assess the substance’s suitability for EOR and, if successful,
it will be utilized both in Germany and further afield.

Despite these technological advances and the ramp-up in
production, however, Wintershall expects a decline in earn-
ings in 2015 due to the continuing lower level of oil prices.
“We must live with the low oil price. We cannot compensate
for it despite the increasing production,” Mehren said. “Our
future success requires three things: continuous investment,
innovation and excellent cost management.” 

Russia will remain an

important part of the

energy provision for

Western Europe.
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A
late freeze in the form of July’s 25% drop in WTI
crude oil prices nipped in the bud the first green

shoots of new demand for oilfield services. Domestic
markets had stabilized across service lines in terms of
pricing and activity after a brutal first-half 2015, and bid
inquiries were trending up, albeit at modest levels, when
global oil markets hit another round of turbulence. 

The unexpected market event was reflected in a rapid
deterioration in sentiment for oil service providers.
Though rig count improved incrementally in the Per-
mian Basin, it experienced a new round of declines in the
Eagle Ford, Marcellus and Bakken shales. Well stimula-
tion firms had been working through a backlog of drilled
but uncompleted wells until the effort slowed in late July.

Surveys of Appalachian oil service providers captured
the sentiment change. 

“The market is back down
again,” one mid-tier Marcellus
driller told Hart Energy tele-
phone surveyors. “It had begun
to inch up a little, but now it is
down with all the uncertainty in
the Middle East. We are about to
lay down another rig.”

A manager for a mid-tier
workover firm echoed the sentiment.

“I’ll say the pain up here for certain operators is just
starting, and we don’t see a recovery in Appalachian rig
counts until mid-2016.”

A mid-cap operator provided perspective from the
E&P side. “We still plan to have a number of wells on
our pads eventually but have slowed both our drilling
and rate of completions.”

Two large multinationals significantly reduced natural
gas drilling and completions in Appalachia, according to
survey respondents, while independent oil and gas oper-
ators began taking a wait-and-see approach or started
reallocating capital out of the region to core holdings

elsewhere in the U.S. Improvements in completion
effectiveness have kept regional natural gas production
rising even at lower rig counts.

The percentage of Appalachian wells reported as zip-
per fracked dropped from more than 70% in second-
quarter 2015 to about 50% in early August, reflecting a
renewal in delays between drilling wells and completing
them in an oversupplied market buffeted with a lack of
midstream takeaway capacity.

The downturn in sentiment was reflected in a ten-
dency among oil and gas operators to stick with the
tried-and-true. For Appalachian completions, that
means reliance on slickwater fracture stimulation with
large volumes of bulk commodity sand (usually 7 million
lb or more per lateral) in plug-and-perf completions.
Reductions in stage spacing have stabilized at around 61
m (200 ft). Stage count among surveyed service
providers was in the high 30s on wells that averaged

2,073 m (6,800 ft) vertically and
1,951 m (6,400 ft) horizontally.
However, price per stage
dropped to just under $40,000,
down from $68,000 early in sec-
ond-quarter 2015 and $91,000
during fourth-quarter 2014. 

“Prices are too low right now,
and everyone is hurting,” a
mid-tier regional pressure

pumper told Hart Energy. “Sand, chemical companies
and everyone have shared the sacrifice to get costs
down and keep working.”

Regional pressure pumping capacity in Appalachia, as
measured in hydraulic horsepower (hhp), has settled
between 750,000 hhp and 1 million hhp, down 600,000
hhp since the first of the year. Survey respondents said
market turmoil made it difficult to produce definitive
regional capacity.

Rig rates for the benchmark 1,500-hp Tier I AC-pow-
ered land rig averaged $20,000/d in August, though
demand remains muted. Survey respondents pegged
Appalachian drilling rig utilization at 50%. 
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Appalachian service providers 
brace for another slowdown
Just when it looked safe to get back in the water, commodity prices weakened 

and sentiment soured in Appalachia.

Richard Mason, Chief Technical Director

• Operators slow activity after
July’s commodity price drop

• Service providers have cut 
costs to keep working

• Appalachian well stimulation
capacity down 38%
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T
here have been no seismic data acquired in the

U.S. portion of the Atlantic Ocean in decades. It

hasn’t been for lack of trying.

In 2008 the moratoria prohibiting the develop-

ment of new Outer Continental Shelf (OCS)

acreage was lifted, and the following year the U.S.

Department of the Interior initiated the regula-

tory process to allow seismic surveying in the

Atlantic OCS. Until July 13, 2015, no new permits

were forthcoming.

Then ARKeX, a company offering airborne full-ten-

sor gravity gradiometry (FTG) surveys, received its

permit. At first blush it seems like a huge stride. But it

comes with a caveat. FTG data are a nice complement

to seismic data, but not a replacement. 

At a recent hearing before the House subcommittee

on energy and mineral resources, the mood was tense.

Rep. Doug Lamborn (R-Colo.), chairman of the com-

mittee, noted that a research vessel was launched in

2014 to do seismic surveys. The vessel received a permit

within five months. Eight seismic companies, mean-

while, have been waiting for more than a year.

“Spectrum first met with [the National

Marine Fisheries Service, or NMFS] in Decem-

ber 2014,” said Richie Miller, president of Spec-

trum Geo Inc. “At that time we understood that

we would complete the process in the spring

and could then begin acquiring seismic data

this summer. That time has since slipped con-

siderably, and our application has still not been

deemed complete.”

The major holdup is the need for companies to

obtain an incidental harassment authorization

(IHA) before surveying can commence. The

NMFS recently announced that these IHAs would

be put up for public review, a move that Miller

referred to as “unprecedented” in his testimony. 

Added Jim White, president of ARKeX,

“Everything depends on what NMFS is going to

do with the information that they receive from

the public review. That’s going to dictate

what’s going to happen as far as the process

moving forward.

“We have 12 months to get the project exe-

cuted and completed, and the clock started tick-

ing the day we received our permit,” he said. He

added that it would take about

nine months to complete the

survey with one aircraft. 

Baby steps
The first G&G permit to explore the U.S. Atlantic 
has been awarded. Now the hard work begins.

Read more commentary at 

EPmag.com

RHONDA DUEY
Executive Editor 

rduey@hartenergy.com

exploration
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ARKeX has an ambitious FTG survey planned but will not proceed 

without industry funding. (Source: ARKeX)
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W
hat do the Horn River Basin in Canada and

Garvin County, Okla., have in common? As Car-

ole King sang a few years ago, “I feel the earth move

under my feet. I feel the sky tumbling down, tumbling

down,” and that’s when the ground starts shaking.

This time, though, it’s not from injection wells; it is

from hydraulic fracturing of individual wells.

The last time I touched on this topic was in the Jan-

uary 2014 issue of E&P. Most of the focus was on

earthquakes induced by wastewater injection wells.

Since then the industry has been faced with a lot of

pressure (the pun is intended) to stop using injection

wells, which in turn would shut down horizontal wells

and hydraulic fracturing.

Now there is some evidence that it’s not only injec-

tion wells that can cause earthquakes; it’s also single

wells being hydraulically fractured. Peter Dun-

can, founder and co-chairman of MicroSeis-

mic, talked about it during a presentation

at the company’s booth at the Uncon-

ventional Resources Technology

Conference in San Antonio July

20 to 22. He forwarded some

presentations (August 2012

and December 2014)

from the British Colum-

bia Oil and Gas Com-

mission to me.

The 2012 study looked at

anomalous seismicity in the

Horn River Basin from April

2009 to December 2011. More than

8,000 high-volume hydraulic fractur-

ing completions were performed with no

associated anomalous seismicity. However,

272 events were observed that “were caused by

fluid injection during hydraulic fracturing in

proximity to pre-existing faults.”

In the 2014 study the investigation found that

from August 2013 to October 2014 there were 231

seismic events in the Montney area attributed to oil

and gas operations. The report noted that 38 seismic

events were induced by wastewater disposal and 193

by hydraulic fracturing operations. None of the

recorded events caused any injuries, property dam-

age or loss of wellbore containment. Events in the

range from 2.5 to 4.4 magnitude on the Richter

scale “may produce actual fault movements in the

range of 1 mm to centimeters within the target

formation at depth.” 

In the 2012 study, the report described the

Picket Unit B Well 4-18 in Garvin County,

Okla. From Jan. 17, 2011, to Jan. 18,

2011, 50 seismic events with magni-

tudes from 1 to 2.8 on the Richter

scale were recorded in the 

vertical well. The events

began seven hours after

hydraulic fracturing oper-

ations were started, with 39

events occurring within 16

hours after that time.

Why is this important? Because

data confirming seismically induced

earthquakes are continuing to mount.

Several states are considering legislation to

restrict wastewater disposal wells. 

This is not one of those problems that is going

to evaporate. Ways must be found to clean up flow-

back and produced water for reuse or to provide water

for agricultural purposes. This is going to

have to happen, or the industry really will

be “all shook up.” 

drilling &
COMPLETION
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‘Whole lotta shakin’ goin’ on’: Part 2
Studies in British Columbia, Canada, have directly linked seismically
induced earthquakes to hydraulic fracturing in individual wells.
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T
here is no denying that the Marcellus Shale is a

whopper of a gas play or that production in the

Utica Shale—once touted as the little brother to the

Marcellus—has certainly bulked up in recent years.

Since January 2012, natural gas production in the two

regions has accounted for 85% of the increase in nat-

ural gas production reported in the U.S. Energy Infor-

mation Administration’s (EIA) Drilling Productivity

Report and has driven recent growth in total U.S. nat-

ural gas production, according to a press release

issued by the EIA in late July. 

The phenomenal growth is due in many ways to the

years of experience gained by those working in the plays.

While experience is a great teacher, it never hurts to

have more data to help understand where one is work-

ing. The recent announcement of a project studying the

effects of shale gas production will help operating and

service companies fine-tune their efforts further.

The Marcellus Shale Energy and Envi-

ronmental Laboratory (MSEEL) proj-

ect will monitor the process and

progress of unconventional gas

production at a Marcellus Shale

well near Morgantown, W.Va.

The project is a partnership

between the U.S. Department of

Energy’s National Energy Tech-

nology Laboratory (NETL),

West Virginia University (WVU),

Northeast Natural Energy (NNE)

and Ohio State University.

In addition to the continuous mon-

itoring of produced water and air qual-

ity, the project provides researchers access to

a dedicated science well for subsurface geophysical

observation, according to an NETL-issued press

release. NNE—a private oil and natural gas company

based in Charleston, W.Va., that owns and operates

the site—will deploy a range of next-generation well-

completion technologies designed to increase opera-

tional efficiency and reduce environmental impact. 

NNE began drilling the science observation well and

two production wells at its site in the Morgantown Indus-

trial Park in June. Researchers will use the vertical science

well, situated between the two horizontal production

wells, to gather valuable information that will assist with

optimizing well placement and hydraulic fracture design

with the Marcellus Shale, according to the release.  

Activity during the fracture stimulation of the pro-

duction wells will be monitored. In addition, approxi-

mately 30.5 m (100 ft) of whole core and 50 1-in.

sidewall cores will be extracted from the sci-

ence well for geophysical, geochemical

and microbiological investigation. At

the same time, WVU will continue

to monitor and assess baseline air,

noise, light and water, which it

has done since the project was

launched in late 2014, accord-

ing to the release. 

“To date, there has been no

comprehensive long-term field

study that addresses baseline meas-

urements, subsurface development

and environmental monitoring with

unconventional resource develop-

ment,” Dr. Timothy Carr, WVU professor

of geology and principal investigator of the

award and director of the lab, said in a WVU-issued press

release. “No other study can replicate and validate results

with subsequent drilling and completion events. The

only way to integrate the three is to conduct long-term

research on a single site, which is what we are going to

be able to do.”

For more information about

the MSEEL, visit the project

website at mseel.org.
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Fine-tuning the Marcellus 
New project will study the effects of shale gas 
production in the Marcellus Shale.

Read more commentary at 

EPmag.com
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A
s the oil price crisis continues to bite, one interest-

ing side effect is that offshore fields that were pre-

viously considered uneconomic to exploit—marginal

fields—are becoming ever larger. 

Paradoxically, these fields are therefore becoming more

appealing as development opportunities. If cost-effective

solutions can be found to tap these fields, the rewards will

be all the greater when the oil price starts to rise again.

Although analysis by operators, suppliers and gov-

ernment bodies suggests that the industry should plan

for the oil price to remain at current levels for the next

three to four years at least, there are opportunities out

there if projects can be developed at lower costs.

In a bid to exploit these opportunities, the Marginal

Field Initiative being developed by ABT Oil and Gas

(ABTOG), a joint venture between Enegi Oil and

ABTechnology, is taking the plunge.

Global engineering and design consultancy Arup is

the latest company to join the

Marginal Field Delivery Consor-

tium, a group that includes Kongs-

berg Maritime, Apollo, RMRI,

Braemar ACM, AGR and Frames.

Arup is bringing its proven-in-use

structure, the ACE platform, to the

party. It is able to house ABTOG’s

normally unattended topsides.  

Four of Arup’s ACE self-installing

and redeployable platforms already

have been used in Australia’s Bass

Strait, the Taranaki Basin off New

Zealand, the West Natuna Sea in

Indonesia and the West Philippine

Sea, with a fifth currently being

developed for a field in the U.K. North Sea.  

Enegi said these self-installing and relocatable plat-

forms combine the advantages of traditional fixed plat-

forms with the versatility offered by mobile units.

They are particularly economical where reuse allows

several reserves to be exploited in areas of high

decommissioning costs or where access to specialist

installation vessels is limited and costly.  

The ACE has particular advantages for application to

a number of the projects on which ABTOG is currently

in discussion.  

ABTOG has a number of targets for its technology,

including already producing late-field-life projects

where the aim is to recover more reserves and defer

decommissioning costs; pre-production, early-field-life

projects where the aim is to reduce investment risk in

the early stages of a project through incremental

development; and small field

developments where initial assess-

ment indicates ABTOG’s solu-

tions can unlock the value of

fields that were previously consid-

ered to be stranded.

“It is imperative that solutions

to achieve the cost reductions be

configured from existing and

proven technology,” said Alan

Minty, chairman of Enegi.

“Thus, the value in the current

economic climate is very signifi-

cant. Through the utilization of

ABTOG’s solutions, cost reductions

of up to 60% can be generated,

which can create new projects or extend project life.” 

There are hundreds of marginal fields around the

world. ABTOG’s solutions are thought to be suitable

for a large proportion of those, although the invest-

ment required for some small fields will never be justi-

fied when the risks are assessed. 

At least someone is dipping their toe in the water to

find out. 
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Marginal fields grow as prices shrink
These once uneconomic fields present appealing development 
opportunities to the industry. 

EPmag.com   |   September 2015

These self-installing
and relocatable 

platforms combine 
the advantages of 

traditional fixed 
platforms with the 

versatility offered by
mobile units.

Read more commentary at

EPmag.com

JOHN SHEEHAN
International Editor 

jsheehan@hartenergy.com

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


30

COVER STORY:

HP/HT PRODUCTION TECHNOLOGY

HEATS UP

S
itting just on the edge of production possibilities are the world’s

HP/HT and ultrahigh pressure and temperature reservoirs. From

completions to materials selection to flow assurance and more,

HP/HT wells have challenged and will continue to challenge opera-

tors to develop and apply the technologies necessary to justify the

development of these fields. 

This month’s cover feature looks at the HP/HT production advances in

field monitoring, artificial lift in heavy oil applications and how two

operators are taking very different approaches to deliver results in two

very different offshore fields.

Opportunities abound for the industry to stretch its creative legs

to find solutions to a plethora of HP/HT production challenges.
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T
his giant field in the shallow waters of the northern
Caspian Sea offshore Kazakhstan ticks many boxes in

terms of featuring some of the upstream industry’s
biggest challenges rolled into one: high reservoir and
process pressures, high levels of toxic and ultracorrosive
hydrogen sulfide (H2S) gas, an extreme climate and the
remotest of locations.

With the execution of the field’s first phase being
overseen by Italian major Eni on behalf of the North
Caspian Operating Co. (NCOC) consortium, this high-
pressure but low-temperature light oil field (45°API) is
perhaps best known within the industry for two things—
its huge level of reserves and the high content of sour
gas (at up to 20% it is one of the highest concentrations

encountered by the offshore industry thus far). The
sour gas is a very clear and present danger for all those
working on the development, being so toxic that it
would prove fatal in less than a minute to anyone
breathing it. Gas masks, unsurprisingly, are a must.

Unfortunately, Kashagan is perhaps better known more
generally for its massive and still-inflating development cost,
currently put at approximately $50 billion (which is more
than five times initial estimates). Other unconfirmed esti-
mates put that figure at more than double, earning the
field ironic nicknames such as “Kash-all-gone,” for example.

Worth the pain?
So why undertake this huge commitment? Simply because
the potential rewards on offer for its participants (and the
country as a whole) are undeniably huge.

Mark Thomas, Editor-in-Chief

A different kind of pressure 
With the unwanted moniker of the ‘world’s most expensive energy project,’ 

Kashagan is a development under all kinds of pressure.

COVER STORY: 
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At the manmade Island D hub at the Kashagan Field in

the Caspian Sea, liquids and gas will be initially sepa-

rated for piping onto the shore facility. (Source: Eni)
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The field’s discovery in 2000

saw it confirmed as the world’s

largest oil find in four decades

and the fifth largest in the world

in terms of reserves, behind only

four Middle East fields. The fig-

ures for oil-in-place range

between 30 Bbbl and 50 Bbbl,

with an average oil-in-place esti-

mate of about 38 Bbbl. 

With a relatively low recovery

factor of between 15% and 25%

due to the complexity of the

reservoir, the recoverable reserves

figure is presently put at between

7 Bbbl and 13 Bbbl. The eventual

target for the owners is a huge

plateau production figure of 1.5

MMbbl/d of oil. Originally that

figure was set to be achieved by

2019, although that date has since

slipped back several years.

The main reservoir is located

more than 3,962 m (13,000 ft)

below the seabed and under very

high pressure of approximately

11,000 psi. The light oil has a

high gas-oil ratio and a high H2S content. Being heavily

overpressured, it presented Eni and its partners with

drilling and processing challenges right from the start. 

The company managed to negotiate these challenges

from discovery to Phase 1 production in 13 years,

which was admittedly eight years after the field’s origi-

nal planned startup date. Even so, the project’s NCOC

consortium owners—KazMunaiGaz, Eni, ExxonMobil,

Shell, Total, China National Petroleum Corp. and

Inpex—were not dissatisfied after a successful drilling

program saw 12 high-pressure wells (with 20% H2S

present) start Phase 1 production Sept. 11, 2013. When

it began flowing, Claudio Descalzi, Eni’s COO for E&P,

said Kashagan was “one of the most complicated proj-

ects in the world.”

False dawn
He wasn’t wrong. The initial production turned out to be

little more than a false dawn as, just two weeks later, pro-

duction had to be shut in because of leaks in the 28-in.-

diameter pipelines transporting the sour gas 90 km (56

miles) to shore from the processing facilities installed on

the artificial “Island D” hub, where the recovered liquid

and gas are separated. 

Most of the gas was to be reinjected back into the

reservoir, while the liquids and the remainder of the

gas were being piped to shore for further processing.

However, there was clearly still more than enough of

the metal-munching gas to cause these pipelines to

leak, with workers spotting the problem and raising

the alert. 

The highly-corrosive gas has been squarely blamed

for the leaks. Although the pipelines had apparently

been specially designed to be resistant to the gas, closer

inspection reportedly revealed poor welding had made

some of the pipe brittle, causing small cracks or “sulfide

stress cracking.” Initially patched up, a further gas leak

a couple of weeks later left the operator with no choice

but to shut Kashagan down. 

This eventually resulted in the owners having to swal-

low a bitter pill and agreeing to completely replace the

pipeline network (around 200 km [124 miles] in total, it

is estimated) with higher-grade, more expensive materi-

als. The two replacement pipelines will apparently be

made of nickel steel. 

Descalzi told analysts in a presentation following the

shut-in that the problems were “related to some spot

hardness points on the pipes but mainly to the welding.” 

A field schematic shows the full Kashagan Field layout, including the troublesome pipelines

to shore that reportedly suffered from sulfide stress cracking. (Source: Eni)
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Innovation overshadowed
The above problems have tended to overshadow some

significant technical achievements on Kashagan. 

Phase 1 of the project was planned to see approxi-

mately half the produced sour gas initially reinjected into

the reservoir, while the separated liquid and remaining

raw gas was to be piped to the Bolashak onshore process-

ing plant in Atyrau, Kazakhstan, where export-quality oil

would be produced and some of the processed gas sweet-

ened. The sweetened gas would then be used for power

generation both offshore and at the process plant.

Bearing in mind that Kashagan’s high-pressure gas is

associated, there’s still an awful lot of it—1.47 Tcm (52

Tcf), in fact. Most of that is planned for reinjection to

enhance the low recovery rate. According to Eni in a

recent presentation, once production does restart and

eventually reaches the planned level of 14 million

tonnes per annum (mtpa) of oil, it will represent the

largest amount of H2S gas ever reinjected into high-pres-

sure reservoirs offshore (avoiding large-scale sulfur pro-

duction and gas flaring). 

Phase I, when it does restart, is still, however, expected

to produce an average of 1.1 mtpa of sulfur due to the

removal of the H2S.

Industry’s highest reinjection pressure
To push all that gas back into the reservoir, a discharge

pressure of 11,023 psi is needed, which is believed to be

the highest pressure yet required by an upstream gas

reinjection project.

GE Oil & Gas supplied and delivered the barge-mounted

sour gas reinjection trains under a turnkey contract for

Kashagan several years ago, being the only compressor

manufacturer at that time with the requisite experience of

sour-gas reinjection. The company also supplied high-pres-

sure sour gas reinjection equipment for Kazakhstan’s

onshore Karachaganak and Tengiz fields, which required

7,977 psi and 9,137 psi reinjection pressure, respectively.

At the core of the company’s higher-specification Kasha-

gan solution are two ultrahigh-pressure sour-gas reinjec-

tion trains. Each is driven by a GE MS5002D gas turbine

rated for 43,690 hp (30 MW) at 4,670 rpm and one Lufkin

step-up gear to increase the gas

turbine shaft power to 9,900 rpm,

which in turn drives three GE BCL

304B barrel compressors. 

The sour gas enters the first

compressor inlet at 1,305 psi and

is compressed to the final operat-

ing pressure of 11,023 psi. This is

still well below the design pres-

sure of 11,603 psi, according to

GE. The compressor designs

included dry-gas seals complete

with a patented zero-leakage

monitoring system.

According to GE the Kashagan

gas compression system is the

highest pressure reinjection train

ever built. 

As Kashagan progresses toward

an eventual restart of production in

late 2016 or early 2017, the substan-

tial challenges it has faced—and is

still facing—may eventually be

regarded as expensive but accept-

able teething problems. The fron-

tier project remains a high-pressure

sour-gas development in suspen-

sion, simply itching for the chance

to prove itself worth the wait. 
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This map shows the Kashagan Field and its surrounding satellite fields that will all be tied

into future phases of its development. (Source: Eni)
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H
P/HT wells have always been and remain at the

frontier of the E&P business, requiring the applica-

tion of new technology to provide the economic justifi-

cation for field development. Through this sector,

advanced drilling and completion technologies have

been conceived and then proven, demonstrating the

true spirit of the industry.

In 2015, the need has never been more pressing to

reduce the cost of HP/HT field development. Distrib-

uted fiber-optic (DFO) technology for use in the E&P

business has been gaining acceptance over the past

three years, with applications proven for seismic, pro-

duction profiling and unconventional well monitor-

ing. This technology is now in a position to allow a

step-change in data acquisition and reservoir monitor-

ing in high-value HP/HT wells, allowing cost-effective

reservoir management.

Optical fibers are the established medium for the

transmission of high volumes of digital data, especially

in the telecommunications business. However, there is a

small but growing optical fiber sector where the fiber

itself becomes the sensor. When a laser is used to pulse

light into the fiber, a small amount of the light is natu-

rally backscattered (through Rayleigh, Brillouin and

Raman scattering) and returns to the sensor unit. This

returning signal is processed to give a measurement of

physical properties such as temperature, acoustics and

chemical composition. Therefore, applications are

being introduced into sectors as diverse as medicine,

turbomachinery and the E&P sector.

Silixa has developed two fiber-optic interrogators

for the E&P sector: the intelligent distributed acoustic

sensor (iDAS) and the XT distributed temperature

sensor (XT-DTS).

The iDAS utilizes a novel optoelectronics architecture

that measures the modulation of the backscattered light.

The acoustic field around the fiber exerts tiny pressure

and strain changes onto the fiber. These changes are

measured optically at a rate of up to several kilohertz.

This allows observation of the acoustic field at discrete

positions along any standard optical fiber (up to many

kilometers) with a resolution of about 1 m (3.2 ft)—in

other words, a microphone every meter. This has

allowed seismic, production profile and integrity serv-

ices to be developed.  

The DTS measures the Raman scattering along the

optical cable. Specific spectra created by the laser pulses

within the fiber are proportional to the localized tem-

perature. This allows continuous temperature measure-

ments along any standard optical fiber (up to 30 km

[18.6 miles]), achieving temperature resolution of less

than 0.01 C (0.02 F). Monitoring absolute temperature

as well as change in temperature across a producing

interval has led to the development of sophisticated pro-

duction profiling.

Mick Longton, Silixa

Application of DFO 

sensing in HP/HT wells
Distributed sensing is an inexpensive and nonintrusive way to monitor challenging wells.
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In this cross section of FIMT construction, coatings are given for various temperature ranges. (Source: Silixa)

Acrylate -40 C to +85 C
HT Acrylate -40 C to +150 C
HT Silicone -40 C to +220 C
Polyimide -200 C to +300 C
Gold -200 C to +600 C
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Optical fiber cables
Many lessons were learned from the fiber installations for

the DTS in the late 1990s and in the early 2000s, specifi-

cally that with high temperatures, the fibers (which are

fundamentally “flexible glass” with a very specific refrac-

tive index) exhibited darkening in the presence of hydro-

gen, which attenuates the light passing through the fiber

and hence affects the quality of the measurements. 

The industry responded with the development of new

hydrogen-resistant fibers and improved coatings (applied

to the outside of the fiber) for high-temperature applica-

tions. Consequently, the fiber life is in excess of 10 years.

For some specific applications such as steam-assisted

gravity drainage (SAGD) oil wells, where temperatures

can exceed 400 C (752 F), pump-down systems have

been developed to allow easy replacement of fibers with

more chemically resistant coatings. 

Benefits of optical fiber 
Once the optical fiber is packaged in a metal tube,

known as fiber in metal tube (FIMT), the fiber is suit-

able to be installed in oil and gas wells, is mechanically

protected and is pressure-isolated. The FIMT can be

encapsulated inside ¼-in. cable that can be strapped to

tubing or cemented behind casing. Fiber also can be

run on coil or stiff rod for interventions.

There are immediate advantages to the subsurface

engineers once the optical fiber is installed: 

• The fiber is there for the life of the field;

• As the laser interrogator is at surface, DFO services

are operationally nonintrusive;

• After installation, the fiber is “on depth” and there-

fore useful for repeat measurements;

• Data acquisition is often performed remotely,

thereby reducing offshore personnel;

• Data can be recorded “on demand,” thereby allow-

ing true monitoring; and

• Monitoring can be done under flowing conditions. 

Fiber for HP/HT
Data acquisition in HP/HT wells is notoriously difficult.

Due to the high temperature, many acquisition systems

do not function, whether permanent or intervention-

based. Additionally, completions are complex and sub-

ject to high pressure, making reentry hazardous and

leading to major HSE concerns.

Intervention is required to obtain data, but this is 

very costly and presents a serious risk to the well with

loss of production.

Installed optical cables are therefore perfect for HP/HT

wells since once they are installed, no further intervention

is required. The coatings on the fiber are now developed

to allow long fiber life. The active element (the interroga-

tor) is on the surface. Finally, the permanently installed

fiber allows “data on demand,” either by a specific quanti-

tative survey or by qualitative monitoring of the well.    

500

1,000

1,500

2,000

2,500

3,000
0 500 1,000 1,500

Time (ms)

M
e

a
s
u

re
d

 d
e

p
th

 (
m

)

58 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

Frequency Distribution 
vs Depth Frequency vs Depth

0 Hz - 300 Hz

300 Hz - 600 Hz

600 Hz - 900 Hz

900 Hz - 1,200 Hz

Frequency (Hz)

These are examples of (left) high-quality seismic data obtained under flowing conditions and (right) gas breakthrough during distrib-

uted flow profiling in a heavy-oil-producing horizontal well. (Source: Silixa)
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HP/HT examples
A North Sea multiple-well oil and gas production plat-

form was producing from formation depths of 4,500 m

(14,764 ft) and at a temperature of 160 C (320 F).

Optical cable was strapped to the production tubing,

originally used for pressure and temperature monitor-

ing at the tubing reentry.

Distributed acoustic sensor (DAS) seismic offset verti-

cal seismic profiling (VSP) acquisition was conducted in

multiple offshore wells without interrupting production.

The system acquired data with full wellbore coverage for

every shot, and all acquisition units were

time-synchronized using VHF triggering and

GPS-linked continuous recording. The sur-

vey was repeated two years later in the same

three wells for 4-D monitoring evaluation.

Again, there was no interruption to platform

production or operations. 

The surveys enabled seismic data on

demand independent of operations/produc-

tion, expanding the opportunity for future sur-

veys. Future fiber functionality is to shoot

seismic on all wells every three months using

an airgun from the rig to monitor overburden.   

An offshore gas production platform in the

Asia-Pacific region was producing from forma-

tions at 5,000 m (16,404 ft) and at a tempera-

ture of 200 C (392 F). Optical cable was

installed in micro-coil and entered into the production

liner. Both DAS seismic VSP and production profiling were

completed with no degrading of the fiber with temperature.

The customer was able to recover data in a hostile

environment to define producing and nonproducing

intervals. Future fiber functionality is to permanently

install fibers in wells to allow permanent and continual

DTS and DAS across the production interval. 

In the U.S., a steam injection profile on a horizontal

steam injector field featured two wells with true vertical

depth of approximately 1,000 m (3,280 ft), both of
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Combining surface flow composition with in-hole profiling service allows 24/7

production monitoring. (Source: Silixa)

DFO technology’s service capability spans the life of field, from initial seismic profiling to flow profiling, repeat seismic and post-aban-

donment monitoring. (Source: Silixa)

-
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which had been completed with high-temperature opti-

cal sensing cable. Steam quality and injection rates were

varied at the surface, and relative steam distribution to

each of several flow control devices (FCDs) was esti-

mated using a combination of iDAS and DTS data. 

The distributed acoustic data indicated which FCDs

were taking significant steam. The distributed tempera-

ture quantified the annular steam distribution within slot-

ted liner sections in between the FCDs. The DTS stability

of ULTIMA DTS identified temporal anomalies in the

steam injection process, while the high sampling fre-

quency used for iDAS made it possible to develop an

acoustic fingerprint for the injection activity at each FCD.

Continuous data allowed the customer to manage steam

injection to optimize oil recovery. Future fiber functionality

is to enhance production profiling and shoot repeat DAS

seismic to monitor the progression of the steam cloud.    

Continuous production monitoring
Silixa has developed a fiber optic-based acoustic flow

metering system. This allows continuous measurement

of the flow and composition of both the liquid and gas

phase fluids within a flowline.

When wrapped in a continuous length of fiber heli-

cally around the exterior of any flowline, the iDAS meas-

ures the dynamic radial strain (hoop strain) exerted

along a section of a pipe and the convection speeds of

eddies. By measuring the speed of sound, the fluid type

is identified, and gas volume fraction and water-to-liquid

ratio are determined.

By combining the continuous monitoring of the well

contribution by DFO together with the continuous flow

and fluid composition at the wellhead, complete well

monitoring is achieved.

Remotely controlled, with data streamed to the

field office and head office and with local alarms to

alert any changes, the well can be monitored 24

hours a day. But when there is a change in produc-

tion, it can be seen immediately through alerts and

by review of the production profile. The reservoir

engineers will be able to clearly identify the produc-

tion zone that is changing. 
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T
he world’s largest oil reserves are consolidated in

three countries: Saudi Arabia, Venezuela and Canada

(more specifically, Alberta). Unlike Saudi oil—which

exists in liquid form—much of the petroleum deposits

in Canada and Venezuela exist as highly viscous bitumen

that saturates naturally occurring mixtures of sand, clay

and water known as oil sands. According to research

firm IHS, Canada’s oil sands production is forecast to

grow by 800,000 bbl/d by 2020, keeping it among the

largest sources of growth in global oil supply throughout

that period.

Steam-assisted gravity drainage (SAGD) has

become the method of choice for producing

most oil sand deposits that are too deep to mine

from the surface. However, breakeven costs for

new SAGD projects, which require drilling two

horizontal wells—one producer and one injec-

tor—are among the highest globally. Superheated

steam is pumped through the injection well into

the reservoir to melt the bitumen so it can drain

via gravity into the production well below.

A key aspect of SAGD production is the steam-

oil ratio, which indicates how many barrels of

steam are required to produce 1 bbl of oil. This

metric is important because it determines the

level of emissions generated, operating costs, sur-

face footprint size, capital efficiency, water inten-

sity and water usage. Even after steam heating,

bitumen doesn’t flow readily to the surface. Arti-

ficial lift is required to boost oil flow and reduce

the steam-oil ratio.

Electric submersible pump (ESP) systems are

ideal for thermal recovery, including SAGD,

because they can produce at higher flow rates 

and can operate more reliably and economically

than other artificial lift methods. However, the

extreme temperatures, plus high gas-to-oil ratios

and abrasives typical of SAGD production, require ESP

systems specifically designed to withstand these condi-

tions. In 2004, Baker Hughes installed a system in Canada

capable of operating in fluid temperatures up to 220 C

(428 F). Extending system runlife cut down on costly

interventions. Additionally, reducing downtime mini-

mized the risk of steam chamber cooling and the associ-

ated additional steaming and higher steam-oil ratios.

Turning up the heat
As SAGD operations have matured, operators recognized

that by increasing the temperature of the steam they could

increase the size of the steam chamber and, therefore, the

Carlos Montilla, Baker Hughes

Newest ESP technologies improve

SAGD production, economics
As SAGD projects mature, new challenges drive the need for technologies that will enable

production to continue at economic rates. Recent ESP offerings leverage innovations in

pumping and motor technology to boost production more economically.

COVER STORY: 

HP/HT PRODUCTION TECHNOLOGY

Infill-type wells drilled between two SAGD pairs can increase recovery by

10% to 20% without the expense, water or fuel gas requirements of a new

injection well. (Source: Baker Hughes)
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miscible oil to improve production and overall reserve

recovery. However, these higher temperatures exceeded

the thermal ratings of internal ESP components. Increas-

ing the equipment temperature threshold was necessary

to reduce the thermal stress encountered by the equip-

ment to increase overall runlife. 

With this in mind, the first ESP motor that was tested

and validated to a bottomhole temperature rating of

250 C (482 F) was introduced in 2010. Last year Baker

Hughes installed the first ESP system rated to 275 C

(527 F). Achieving these higher temperature thresholds

required a holistic look at the system’s mechanical and

electrical geometries and materials to ensure adequate

thermal expansion and chemical compatibility. 

The most innovative change was a totally new robust

motor specifically designed for thermal injection, includ-

ing SAGD. An advanced proprietary material is used for

the motor insulation. Also, traditionally, the seal sections

that protect the motor use elastomeric bags. In the

newer higher-temperature seal the bags are replaced

with metal bellows, which can tolerate both high temper-

atures and temperature cycles better than elastomers to

protect the motor. The overall length of the seal—and

therefore, the system—is shorter, allowing the unit to

pass through greater deviations with less mechanical

stress on the equipment or flange connections.

Capturing stranded reserves
Like other conventional and unconventional produc-

tion methods, SAGD leaves some reserves behind.

When multiple well pairs are drilled from a single well

pad, pockets of bitumen are unrecovered in the space

between two well pairs. To maximize hydrocarbon

recovery and economics, operators have begun drilling

wells between the two main steam chambers to tap the

stranded bitumen. These infill-type wells can increase

recovery by 10% to 20% without incurring the expense

of another injection well.

The stranded reserves are tapped by drilling a single

horizontal well between two SAGD well pairs and pump-

ing the oil to the surface through the additional well.

The pocket formation is surrounded by steam chambers

created by the existing well pairs, so significantly less

water is needed for conversion to steam to soften the

bitumen and pump it to surface. Less steam translates to

lower water and fuel gas requirements. 

ESPs are integral to the success of SAGD infill wells.

Because higher temperature-rated systems were histori-

cally available only in larger diameters, this new applica-

tion presented a challenge to the service industry:

develop a rugged, smaller diameter ESP system that could

handle high pump rates and temperatures up to 220 C.

The most recent SAGD infill ESP system has a 4.5-in.

motor, a 4-in. pump and seal outer diameter and a tem-

perature rating of 230 C (446 F)—the highest in the

industry for its size. The system motor and seal make up

a smaller diameter version of their larger system coun-

terparts with the same features—including metal bellows

seals and proprietary motor insulation material—and

functionality. Plus, a plug-in pothead and a pre-filled

seal enable faster installation to reduce rig time. 

To qualify and validate the capability of the system to

withstand not only extremely high temperatures but also

extreme temperature swings, the infill system was sub-

jected to strenuous tests in a robust hot loop at tempera-

tures up to 230 C. System and component testing also

included thermal cycling in 100-C (212-F) swings. These

variations replicate conditions that can occur when

steam facilities are cycled out for maintenance and ESPs

go into low standby mode and are then expected to

resume pumping. 

Next steps
Next steps for ESP technology advances that will further

improve SAGD production and economics include even

more rigorous system and component testing, investigat-

ing pumping systems for multiphase fluids and develop-

ing systems and techniques that will allow working over

live wells. In the meantime, increased ESP temperature

ratings combined with infill well capabilities will allow

operators to mitigate the risk associated with high-temper-

ature applications and maximize heavy oil recovery. 

In SAGD operations, superheated steam is injected into a hori-

zontal well, which is perforated to allow the steam chamber to

extend into the reservoir. The steam melts highly viscous bitumen

so it can drain via gravity into a horizontal production well

below and parallel to the injection well. (Source: Baker Hughes)
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F
or artificial lift in steam-assisted gravity drainage

(SAGD) projects in Canada’s oil sands, high tempera-

tures can create problems for elastomers in progressive

cavity pumps (PCPs). At the same time pockets of steam

can cause the pump to run “dry” with no fluids, causing

problems with traditional PCPs.

Over the past four years Cameron has been develop-

ing a metal-to-metal PCP solution where pumping effi-

ciency can be improved in these wells.

In this design the stator uses a steel core inside a steel

tube, which forms the internal double helix. The rotor

is manufactured with a slight clearance while the pump

relies on the viscosity of the produced fluid to create the

cavity seals, according to Tariq Ahmed, product man-

ager for artificial lift, Cameron. 

Cameron is getting close to field trials with its CAM-

M2 metal-to-metal seal technology for PCPs. “We’re 

trying to do a couple of trials in Canada and some in

Venezuela this year,” he continued. “We’re really inter-

ested to see what we’ll find when we put this pump in

the field.”

Unique stator design
In standard pump technology usu-

ally there is an elastomeric where

rubber-to-metal contact creates the

seal. The compression of rubber by

the metallic rotor is what creates the

seal and the pressure capability in

the cavity in the pump, he said.

“With metal-to-metal seals you

don’t have that compression seal, so

we were really dependent on the

resistance to flow created by tight

tolerances between the rotor and

stator. That had been the traditional

way to handle metal-to-metal PCPs,”

Ahmed explained. 

What Cameron accomplished was

to develop a stepped stator profile

that creates additional turbulence.

“What happens is that when the fluid

is trying to travel from a higher-pres-

sure cavity to a lower-pressure cavity,

there is high resistance in that small

clearance interface. Almost by acci-

dent we found that not having a

smooth rotor interface allows us to

handle gas [steam] significantly bet-

ter,” he continued.

Scott Weeden, Senior Editor, Drilling

Stepped-profile PCP uses 

metal-to-metal seals for SAGD
Field trials are near for metal-to-metal seal technology for PCPs 

in heavy oil applications in Canada and Venezuela.
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Cameron’s PCP technologies are available in three configurations: conventional (two on

the left), CAM-M2 (metal to metal) and CAM-CT (constant thickness). (Source: Cameron)
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With traditional smooth metal surfaces the stator and

rotor tend to bind up and have a galling effect with

metal-to-metal surfaces on a dry run. In this type of

application, a pocket of steam production coming into

the pump is a failure mechanism. 

“Because ours is a stepped profile, it almost creates a

bearing interface. On test benches, we ran the metal-to-

metal PCP dry for a significant amount of time. The

pump ran nine hours dry and was then put back into

operation with no loss in efficiency,” Ahmed said.

One other benefit of the stepped profile is the ability

of the pump to move solids without damage to the rotor

or stator. In the conventional smooth interfaces, the

rotor captures solids particles and tries to impregnate

those into the metal.

“When we have a step profile, it gives the solid parti-

cles a place to rest while the rotor travels by those. The

solids then potentially can be picked up by the fluids in

the following cavity rotation,” Ahmed said.

One model of metal-to-metal

PCP has been developed at the

moment. The pump can be

installed from 457 m to 1,372 m

(1,500 ft to 4,500 ft) deep. It has a

flow-rate range of up to 1,500

bbl/d. “We do plan to create pump

geometries up to 5,500 bbl/d in

the future,” he explained. 

“Most of the thermal applica-

tions are pretty shallow, especially

in Canada. We’ll be going to

maybe 1,524 m [5,000 ft] at the

deepest initially. We will develop a

slightly deeper application for the

Venezuelan market,” he continued.

Given the steam-generated temperatures in these

wells, expansion and contraction could be problems.

“Being an all-metal system that uses the same material

for the rotor and stator, we do expect some expansion.

However, we included an expansion profile into the

design. So far in the customer profile on which we’re

working, we don’t see any seal issues from that point,”

he continued.

Constant thickness elastomer

For a higher gas-oil ratio (GOR) Cameron has launched

a constant-thickness (CT) PCP, called CAM-CT PCP,

which differs from conventional PCPs that have varying

thicknesses of rubber inside the pump geometry when

dealing with higher GOR, higher temperatures and

lighter crudes (35º-plus API gravity). 

“With these applications, there is a significant

amount of swelling, which deforms the shape of the

pump,” Ahmed explained. “The CT geometry allows

us to maintain the shape as we go to higher API 

gravity, temperatures and gas rates. It has been used

in deeper applications than conventional PCPs to

depths of 2,287 m [7,500 ft]. We are planning to use

it with crude as high as 42ºAPI gravity.”

The wider applications are a result of an elastomer

that is hydrogenated. It was developed using the com-

pany’s BOP elastomeric technology in its elastomeric

technology center. “We used the knowledge and experi-

ence we gained in developing BOP rubber to develop

artificial lift PCP rubber that would handle higher API

gravity crude and be resistant to explosive decompres-

sion,” he continued.

“We’ve installed more than a dozen of these pumps

in the last year. These pumps are outperforming expec-

tations. To give you an example, in Venezuela we

started a pilot project with three

pumps.  All of them have more

than doubled the runlife of the

previous pumps in those applica-

tions,” Ahmed said.

The crude oil in Venezuela is

mainly heavy oil with a high GOR.

“As Venezuelan reservoir pres-

sures are depleting, the GORs are

increasing. That is causing a lot of

conventional PCP technology to

fail prematurely within six to nine

months. Operators that are having

difficulties with conventional PCPs

are looking to adapt the CT tech-

nology,” he added.

In replacing small electric submersible pumps

(ESPs) in low or medium flow rates in these high-

GOR applications, PCPs can handle up to 50% 

gas in the cavity for a reasonable amount of time.

“We did have some good histories in the Permian

Basin and Rockies with these types of applications,”

Ahmed said. “ESPs faced gas interference issues,

causing failure, whereas the PCPs had better runlife

in those applications.”

CT stators have several advantages over traditional

PCPs, according to Cameron, which include even elas-

tomer swell across the entire cross section, higher pres-

sure per stage due to the metal backbone behind the

elastomer, improved heat dissipation, improved bond

interface from the stepped interior profile and higher

operating temperatures around 121 C (250 F). 

The CT geometry
allows us to maintain
the shape as we go 
to higher API gravity, 
temperatures and 

gas rates.
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W
ith the drought in the western U.S. making

water—already a scarce resource in much of the

country—even more scarce, oil and gas operators must

find alternative sources of water for production activi-

ties. Treatment of flowback and produced water has

emerged as a practical choice for many, lessening the

reliability on buying freshwater from local farmers and

cutting down on costs. 

In addition, with growing regulatory pressure against

using disposal wells and evaporation ponds to dispose of

produced and flowback water, operators are searching for

alternative disposal methods. Water treatment offers dis-

posal alternatives by enabling purification of flowback and

produced water for beneficial reuse in oil and gas produc-

tion or even for agricultural irrigation or use with livestock. 

OriginClear’s Electro Water Separation (EWS) system

seeks to address both the growing need for alternative

water sources and purification for agricultural use as a

disposal method. The company recently partnered with

Vaquero Energy to test the EWS system for “the treat-

ment of produced water for steam injection and to 

provide irrigation water for California’s drought-stricken

Central Valley,” according to OriginClear’s website. The

pilot test took place in Bakersfield, Calif., and included

testing of OriginClear’s P250 model, capable of treating

250 bbl/d of water, and the company’s P3000 model,

capable of treating up to 3,000 bbl/d of water. 

“Operators, particularly in California, are moving

toward alternative ways of handling the produced water,

and Vaquero was one of those examples,” said Bill Charne-

ski, senior vice president of OriginClear. “They are realiz-

ing that at some point in time they are going to lose the

freshwater supply that they have from the local farmers,

and they’re going to need an alternative source of water.”

In Bakersfield and surrounding areas of California

operators rely on steam generation to coax very heavy

oil from the ground, using freshwater as the base. Pro-

duced water treatment can provide both an environ-

mentally friendly and budget-conscious alternative to

sourcing this scarce resource. 

An operator in Kansas faced with high trucking costs

to transport produced water to the nearest disposal

wells—located more than 322 km (200 miles) away—is

examining treating produced water for use with livestock

on the cattle farms nearby the wells. “Regionally, [water

procurement and disposal issues] vary

tremendously across the U.S. because of

the local economics and the local avail-

ability of disposal, the environmental

impacts and the regulatory issues that

vary from state to state,” Charneski said.

“It’s a real mix.” 

How the system works
Raw produced water is fed into the EWS

system, which combines three technolo-

gies in one piece of equipment. “The

EWS process is a continuous chemical-

free very low-energy first-stage process

for removing hydrocarbons, suspended

solids and reducing biological activity,”

Charneski said. 

In the first stage, water flows through

electrocoagulation reactor tubes that

break the water-oil emulsion. “This

Produced water cleans up its act   
Water treatment system removes hydrocarbons, solids and bacteria from flowback 

and produced water for use in future operations and even agricultural irrigation.  

Mary Hogan, Associate Managing Editor
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OriginClear's EWS technology cleans wastewater onsite at oil and gas operations.

(Source: OriginClear)
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causes the very tiny droplets of the 1-µ to 20-µ oil and

suspended solids to conglomerate to larger particles so

they will be able to be separated by gravity in the next

step,” he explained. 

In the second stage, water flows into a flotation cham-

ber, where electroflotation technology generates a cloud

of bubbles that attach themselves to the conglomerated

oil and suspended solids. The oil and suspended solids

then float to the surface, where a rake system pushes the

floating solids and oil over a weir to eventually come out

on the top. The water, on the other hand, comes out on

the bottom of the tank. 

In the third stage, the water flows through electrooxi-

dation tubes, where oxidizing agents kill bacteria and

precipitate heavy metals that are present. 

Each EWS system can treat about 1,000 bbl/d of water,

including the systems OriginClear recently tested in Col-

orado, Texas and California. “We are designing a 5,000

bbl/d [system], and 10,000 bbl/d is certainly within the

range of what we can do,” Charneski added.

Unique benefits
Typical operating expense for the system amounts to

about 14 cents per barrel, based on 15 cents/kWh and

including 3 cents to 4 cents per barrel in energy costs, 4

cents per barrel for the consumable price and 4 cents

per barrel for the maintenance cost. “Fourteen cents

per barrel is very low if you compare it to other kinds of

technologies,” Charneski said. “It even compares to just

using straight filters, which do a minimal amount of

good compared to what we do.”

In addition to cleaning produced and flowback water,

the EWS process can minimize the waste stream created

by treatment. During the electroflotation stage of the

process, the “sludge” mix of solids and oil that is raked

off the top and out of the tank can be pumped back into

the primary oil-water separator knockout tank. 

“We’ve taken the emulsified oil and turned it into con-

centrated oil that will float,” Charneski explained. “If it

goes back into the knockout tank, the oil will float to the

surface. The solids that we’ve also made larger—coalesc-

ing those tiny particles into larger particles—will fall to

the bottom, so there will be a better recovery of the oil

by processing the produced water through our process

and putting it right back into the knockout tank.” 

The oil will float to the surface, enabling a higher oil

recovery rate, and the solids will sink to the bottom of

the tank. 

Cleaned up results
So how clean is the water that passes through the system? 

Overall, the EWS process removes total petroleum

hydrocarbon product to a level of about 3 parts per mil-

lion (ppm) to 5 ppm or less and total suspended solids

to a level of about 3 ppm. The process, however, does

not remove dissolved ions like boron, divalent ions that

cause scaling like calcium and magnesium and monova-

lent ions like sodium and chloride. 

“What it does is remove the hydrocarbons and sus-

pended solids such that downstream processes can then

be used to remove the divalent ions, monovalent ions

or dissolved ions,” Charneski said. Additional down-

stream processes like nanofiltration, reverse osmosis

and ion exchange resins can then be used to remove

the remaining ions.

The EWS enables these secondary processes to work effi-

ciently. “If you don’t use our process before that, the down-

stream processes get plugged up with the oil and suspended

solids and do not operate efficiently,” he continued.

The EWS system can be a standalone process depending

on the final intended use of the water. “If they’re just trying

to remove the hydrocarbons and suspended solids and

they’re going to reuse the water for waterflooding or some-

thing similar, then EWS can be a standalone process,” he

added. “If they want to be able to use the water for steam

generation, for instance, they’re going to have to use the

downstream process to remove the calcium and magne-

sium that will cause scaling in the pipes.” 

Operators in drought-stricken areas can clean produced water for reuse or for agricultural purposes. (Source: OriginClear)

http://EPmag.com




EPmag.com   |   September 2015 59

S
tatoil’s ambitions to create the first “subsea factory”
are about to be realized as the Gullfaks and Åsgard

subsea gas compression projects offshore Norway reach
the end game.

The first subsea wet gas compressor in the world has
been installed at the Gullfaks C platform in the Norwe-
gian North Sea, and commissioning is underway. 

The structure and module installation campaigns for the
project were completed by Subsea 7 in May and June, and
the compressors were installed at the end of June. The pro-

tective structure and compressor station were installed in
early May by the heavy-lift vessel Oleg Strashnov. The subsea
infrastructure will be tied back to the Gullfaks C platform in
late summer and autumn, and the compressor will be
hooked up between the L and M subsea templates and
Gullfaks C. Provisions also have been made to tie in other
subsea wells to the compressor through existing pipelines.  

“This is the first compressor of its kind in the world. It
is a milestone, not just toward the compressor startup
but also for Statoil’s subsea factory visions,” said Steinar
Konradsen, owner representative for the project. 

More than 50% of Statoil’s equity production comes from
subsea, and the company has 540 subsea wells in operation.

Subsea compression takes 
shape on Gullfaks, Åsgard 
Some 30 years after the first subsea well was drilled on Gullfaks, 

the full subsea factory is coming to fruition.

John Sheehan, International Editor

offshore
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The Gullfaks wet-gas compressor comprises two 5-MW wet gas compressors that together can handle a flow rate of 10 MMcm/d.

(Source: Harald Pettersen, Statoil)
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“On Gullfaks, we will increase recovery by 22 million
barrels of oil equivalent,” said Margareth Øvrum, Sta-
toil’s executive vice president for technology. “I think
the combination of large gas fields and long tiebacks of
subsea wells will create large demand going forward for
subsea gas compression. We are looking for more imple-
mentation opportunities.” 

Statoil believes subsea gas compression is an impor-
tant technology leap for increasing the recovery rate
and lifetime of the Gullfaks South Brent reservoir.
Recovery levels will be increased from 63% to 73% using
the new technology combined with conventional low-
pressure production in a later phase.

System design
The compressor system, which comprises two 5-MW wet
gas compressors that together can handle a flow rate of
10 MMcm/d (353 MMcf/d), has been connected to
existing subsea templates and piping that are 15 km (9
miles) from Gullfaks C. From the compressor station, a
power and umbilical cable will be tied back to Gullfaks
C. Power and management modules will be integrated
on the Gullfaks C platform. 

The OneSubsea Multiphase Compressor being used
on the project is the world’s first subsea wet gas com-

pressor with no requirements for
an upstream separation facility or
an anti-surge system, which simpli-
fies the subsea system require-
ments. The compressor is a
contra-rotating machine specifi-
cally designed for pressure boost-
ing of an unprocessed wellstream.
The multiphase compressor is
capable of handling high liquid
content without mechanical issues,
with gas volume fractions typically
in the range of 95% to 100%. 

Some of the key advantages of
the multiphase compressor, which
enables cost efficiencies and
improved operational perform-
ance, include continuous opera-
tion on all liquid fractions (0% to
100%); operation in all flow
regimes; standard fluid film-bear-
ing technology; surge-free opera-
tion so no anti-surge system is
required; sand- and solid-tolerant
design; low speed, allowing long
step-outs without subsea variable

speed drives; and a low module weight (about 60 mt),
allowing light vessel intervention.

Alongside the subsea operations, much of the prepa-
ration work for the startup of the subsea compressor has
been made on the Gullfaks C platform. The work, being
carried out by Apply Sørco, is in the final stages. 

Åsgard subsea installation 
As work progresses on Gullfaks, Statoil also is installing the
modules for the Åsgard subsea gas compression project.

The project will boost falling gas pressures from the
Midgard and Mikkel satellite reservoirs, allowing stable
production to continue and 280 MMboe to be recov-
ered. Statoil expects the technology to boost recovery
rates on Mikkel to 84% from 59% and on Midgard to
87% from 67%. 

Twenty-two modules are being installed and connected
in 300-m (984-ft) water depths. These comprise two iden-
tical 11.5-MW compressor trains weighing 1,500 mt each.
The installation work is being carried out by the North

Sea Giant vessel, which was rebuilt for the purpose.
The modules are being put in place in the large sub-

sea frame that was installed on the field in summer
2013. The smallest modules, which weigh up to 70 mt,
are being installed via the vessel’s moonpool.

offshore
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The first wet-gas subsea compressor will be tied back to the Gullfaks C platform in late

summer and autumn. (Source: Harald Pettersen, Statoil)
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Several larger modules will be installed from the North

Sea Giant’s crane system, which has been modified to
incorporate a special handling system.

This lifting system is designed to carry a load of up to
420 mt and can operate in up to 9-m-high (29-ft-high)
waves. Each module is lowered into the sea via a crane
and guided into place with an ROV and cables.

“This crane system makes the installation work safer
and more efficient,” said Torstein Vinterstø, project
director. “To ensure quality at every stage of the process,
all operational crew have practiced the operations in a
specially designed simulator. We have also performed a
number of sea trials prior to installation.”

The installation sequence has been carefully planned
so that startup work can be carried out on the first com-
pressor train while work to install modules on train two
continues, Vinterstø said.

A dry-gas compressor system is being used on Åsgard,
with gas and liquids separated before boosting. The liq-
uid is boosted by a pump and the gas by a compressor.

After boosting, gas and liquids are mixed into the same
pipeline before transport to Åsgard B. Statoil started
testing the technology at the Kårstø laboratory as early
as 2008. 

“Åsgard subsea gas compression with its two trains, sepa-
rators, mixers, pumps, spoolers and compressors is, for all
practical matters, our first subsea factory in place,” Ovrum
said. “We have qualified 43 different technologies in this
project, and that is amazing. 

“Subsea gas compression is no doubt a crucial technol-
ogy and a key delivery to our mission of the subsea fac-
tory,” she continued. “With subsea compression we now
have all the vital elements for a subsea factory in place.

“We can control the production flow. We can separate
oil, gas and water on the seafloor, and we can inject
water back. We still need to further develop and refine
several elements, for instance, extended-reach power
supply and much better oil and water separation. We
will take subsea technology longer, deeper and colder,”
she added.
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ber Technologies Inc., the world’s most highly capital-
ized startup, develops, markets and operates the mobile-

app-based transportation network. The Uber app allows
consumers to submit a trip request, which is routed to
crowdsourced drivers. The service is available in 55 coun-
tries and more than 200 cities worldwide. It is estimated that
Uber will generate $10 billion in revenue by year-end 2015.

Airbnb is a website for people to rent out lodging.
Unlike traditional hotels, Airbnb works not by scaling
inventory but by increasing the hosts and travelers and
matching them with each other. It has more than 800,000
listings in 33,000 cities and 192 countries. As of June
2015, Airbnb completed a new round of funding of $1.5
billion that brings the company’s value to $25.5 billion.

Just as Uber stood the taxi lobby on its head and
Airbnb disrupted the hotel industry, could this “share
economy” be coming to the oil field?

According to a subset of forward-leaning operators,
it’s already here.

Share economy
The share economy takes a variety of forms. Leveraging
information technology is at the heart of this move-
ment, empowering corporations, nonprofits and yes,
even independent operators with information that
enables distribution, sharing and reuse of excess capac-
ity of goods and services.

To back up a bit, the share economy (also known as
collaborative consumption) began to emerge in the
mid-2000s as new business structures began to crop up
that were enabled by social technologies and an increas-
ing sense of urgency around global population growth
and limited resources. In fact, it was the financial crisis
of 2008 and subsequent housing bubbles that spawned
users to reconnect through peer-to-peer marketplaces
that turned underutilized assets and resources into new
jobs, income streams and community networks.

Operator: unchained
The ‘share economy’ has come to the oil patch. 

Greg Archbald, GreaseMonkey

The Pumper Mesh online directory pairs pumpers with companies that need their services. (Source: GreaseMonkey)
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With the current collapse in oil prices, operators in
the oil field are looking for answers. And for some, this
notion of the collaborative community might be just
what they’re looking for.

Digital oil field goes bust
While the industry has focused for nearly two decades
on the concept of the digital oil field (essentially, replac-
ing the human element with sensors and SCADA sys-
tems), most independent operators have remained on
the sidelines. Why is this so? Not only are many of these
field automation systems cost-prohibitive to the small
and midsized independent, but they also require a high
level of expertise to design and deploy.

Even the operators who’ve managed to roll them out
with high hopes of replacing the human element with
machines quickly find they are saddled with a new set of
technological problems. Gummed-up tank sticks, faulty
sensors and the expense of radio and cellular modems
are enough to make any independent suspect of the
efficacy of these solutions.

It’s a bold notion, but maybe the digital oil field isn’t
the messiah it’s been touted to be. Even the largest
operators who have successfully automated the collec-
tion of their production information are now struggling
with the massive rate of incoming data. They must now
find ways to consume, filter, process, execute models,
perform analysis and recommend action to decision-
makers. And they must do this all in real time.

Hidden value
In Clay Shirky’s analysis of the power of crowds con-
nected by information technology, there is a significant
unused value in wasted time. Many of us have unused
capacity in the course of our day. With social media and
information technology, we can easily donate small sliv-
ers of time to taking care of simple tasks others need
doing. Examples of these crowdsourced solutions
include roustabouting, relief pumping and simply driv-
ing by to spot-check a battery of tanks.

The driving forces behind the rise of sharing economy
in the oil field are numerous. A whole host of enabling
technologies has reached the mainstream, making it
easy for networks of people (both young and old) as
well as organizations to transact directly. These tech-
nologies include open data and the ubiquity and low
cost of mobile phones as well as social media. 

This begs the question: Where is technology’s place in
small and midsized operations? Among many backyard
astronomy enthusiasts, there is a common phenomenon
known as averted vision. Essentially, averted vision is an

anomaly in which you can only see faint stars in the sky
by gazing to the empty space next to them. 

That said, is it possible that independent operators
have found their solution by averting their attention
away from this digital oil field? Perhaps the most intrigu-
ing part is that this solution relies more heavily on
humans than ever before.

Height of cultivation runs to simplicity
Emmet is a 70-year-old pumper who resides in Chandler,
Okla. Emmet has a lifetime of experience in the oil field
and said, “There are two things that’ll eat you up as a
pumper: gas and truck expenses.”

This particular pumper is choosy about his wells (and
after more than 50 years of service to the oil field, he has
the right to be). To do his best job, he limits the number
of leases he takes on. And to keep his gas costs low,
Emmet tries to keep his wells as tightly knit as possible.
That said, he drives past dozens of wells for which he
isn’t contracted on his route each day and said it’s still
not uncommon to pay more than $1,000/month in gas.

Unused value is wasted value. Basically, unused value
in the oil field refers to the time that services and
human talent lay idle or can be repositioned and better
allocated elsewhere. And it’s within this idle time and
wasted value that mesh-model businesses and platforms
derive their financial worth.

GreaseBook, an Oklahoma City-based startup that
found early success via a simple mobile app designed to
replace the paper and Excel gauge sheet, has taken the
notion of the collaborative community to the nth
degree. This month the company is unveiling Pumper
Mesh, an online virtual army of lease operators all con-
nected via their mobile devices.

By enabling operating companies to sort pumpers by
state and county, this online directory enables lease
operators to pump wells concentrated within one or two
counties, saving gas and increasing the number of wells
they can care for in a day.

Ideally, the app builds community. Many refer to this
as a return to simpler times, when the community was
there for its individuals.

With the industry’s ups and downs, it’s never been
known for its loyalty to the guys who work with their hands
in the field. With each downturn, a mass exodus of talent
and knowledge takes place from the oil field. Until now,
no one has ever looked out for these folks. That’s exactly
what this project is doing: forming a semblance of a com-
munity between the operator and pumper. Everyone wins.

The applications of the human mesh in the oil field are
limitless. For example, in much the same way a doctor

operator
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only makes house calls when a patient is sick, electricians

and field personnel could be on a roaming basis, only

arriving (and being compensated) when a well is having

issues. This is ideal for contract pumpers and company

pumpers alike. Contract pumpers get access to new wells,

and companies can farm out their existing pumpers as

well as easily find pumpers to check on orphan wells that

fall outside that company’s normal operating area.

However, for now small and midsized operators are

ecstatic knowing they have options. They have access to

field personnel who not only operate in close proximity

to their company’s production assets but also have the

ability to deliver that operator’s production information

in near-real time.

While it’s true that there are some advantages to hav-

ing digital equipment and monitoring, it’s also true that

these devices need monitoring themselves. The human

factor cannot be removed from the oil field. At the same

time, the human mesh must be equipped with modern

technologies that enable the market to move forward

and also allow a share economy with no added over-

head. The collaborative community allows such a merge

of services and technologies.

The collaborative community also makes it possible to

be more productive in the oil field. The increase of pro-

ductivity means an increase in profitability. Profitability

means that there is more room for expansion and, in

turn, more job creation. In an economy that is being

driven by the loss of jobs, it’s refreshing to find a solu-

tion that creates jobs while building the economy. 

Is the share economy the miracle that will solve all of

the problems with the oil industry? It most certainly is

not. The price of oil will still be dictated and fluctuate

outside the control of the independent operator. How-

ever, can mobile connectedness increase a company’s

chances of maximizing the production of its oil and

therefore help it to better capitalize on the amount of

finances that it can obtain from a fully functional,

waste-reduced and shared economic market? It most

certainly can. 
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T
he seismic industry is expanding its reach from explo-

ration activities to the operational world of drilling,

completions and production. Offering detailed geologic

information in a practical and useful way through inno-

vative seismic acquisition and quick delivery of active

and ambient seismic attributes provides detailed and

actionable information for well planning and comple-

tion design. 

This shift addresses two significant needs of the indus-

try. The first is the long-standing and ever-increasing

need for innovation in the land seismic business that

reduces environmental impact, cuts costs and increases

efficiency without compromising data quality. The sec-

ond is a growing need for a quick solution that provides

the insight needed for accurate geosteering or fault

avoidance on well tracks. 

E&P operators have responded to some of these needs

with advancements of their own. One is pad drilling,

which allows for significant subsurface

development by concentrating well-

heads at the surface, thus increasing

efficiency and decreasing environ-

mental impact.

Practical information
Global Geophysical has developed a

suite of services and a new product

offering that meet both of the afore-

mentioned needs while complement-

ing advancements that operators

have already achieved. By naturally

leveraging its 3-D seismic, ambient

seismic, microseismic monitoring and

processing technology, the company

is able to deliver full and actionable

information to engineers at a scale

and pace that are practical for the

operational world of drilling, comple-

tions and production. 

A key aspect of this capability is a

new, patented 3-D design method that,

when coupled with the efficiency of the

AutoSeis autonomous nodal recording system, makes

acquisition fast and affordable, meaning days rather than

months in the field.

The capability takes advantage of a paradigm shift in 3-

D acquisition design that works to optimize receiver loca-

tion and coverage fold rather than just maintain the

most symmetrical grid design possible. Using this new

method, the company is moving away from the old

model of 3-D design that starts with and aims to preserve

a symmetrical grid of source and receiver points. This

innovation enables those points to be moved around to

accommodate surface and cultural obstacles by starting

with accessible source positions on preexisting roads and

trails and designing the optimal receiver positions

around them to maximize subsurface coverage.

Running vibrators on existing roads, trails and fallow

fields can significantly reduce costs by eliminating envi-

ronmental damage associated with line cutting, drilling

and the use of explosives. This also reduces the need for

environmental permits, which is an important factor in

gaining surface permission and reducing the timeline

More from less 
A new concept in 3-D design allows access to constrained areas.

Tom Fleure, Global Geophysical

Receiver positions are evenly distributed in a hex array, while vibroseis source positions

are confined to roads to optimize acquisition efficiency, minimize environmental impact

and reduce costs. (Source: Global Geophysical)
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for operating in many foreign countries and on govern-

ment-regulated lands in the western U.S. Global’s new

method represents an advancement in the way the com-

pany designs these random 3-D

surveys to achieve more consistent

subsurface coverage. 

Brazil program
This paradigm shift came out of a

first-of-its-kind acquisition pro-

gram in Brazil. 

In October 2014 the company

completed Brazil’s first 3-D vibro-

seis acquisition program. Due in

part to environmental concerns,

vibroseis technology has been uti-

lized sporadically in Brazil and

took an almost 25-year hiatus

before Global began importing

vibrators into the country in 2010.

The company has made a name

for itself in the Brazilian onshore

seismic market through its use of

vibes on roads, which significantly

reduces the environmental impact

of land seismic data acquisition.

Using this method, the company

has recorded more than 30,000

linear km (18,640 linear miles) of

2-D data in less than four years,

providing much-needed seismic

data in the underexplored Par-

naiba and San Francisco basins.

The success of the company’s 2-D

vibroseis projects has created

increased interest in the technol-

ogy for the acquisition of 3-D

vibroseis data as well. 

The 3-D vibroseis program

highlighted the flexibility of the

AutoSeis autonomous nodal

recording technology and the

company’s advanced 3-D vibroseis

techniques for limited-access situ-

ations. The goal of the program

was to capture high-quality 3-D

seismic data with source locations

bound to preexisting roads in a

“pseudo-random” configuration.

The design included 41 receiver

lines at two different azimuths of

45 degrees and 135 degrees, a configuration that Global

refers to as a “double orthogonal” grid. Despite limited

access, this layout ensured that all bins had adequate

A Global Geophysical vibe drives over a reinforced bridge during recent vibroseis operations

in Brazil. (Source: Global Geophysical)

A 3-D design from eastern Ohio demonstrates how an irregular geometry with sources con-

strained to roads can still provide more than 150 fold at the Utica Shale reservoir level.

(Source: Global Geophysical)
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fold within the offsets of interest. The sources were positioned on roads in

approximately 50 separate segments in a pseudo-random pattern. More than

2,170 source points were spread over an area of 29.7 sq km (11.5 sq miles),

resulting in an adequate source density of 73.3 source points per 1 sq km (0.4

sq miles). 

While significant time was expended in planning, scouting and surveying the

project, recording took just five days, and the results exceeded client expecta-

tions. The final migrated data volume provided a clear indication of the areal

extent of the structural high at the client’s target horizon. The atypical 3-D

design and the flexibility of the AutoSeis system led to the ultimate success of

the project both geophysically and commercially.

The success of the Brazil program spurred the expansion of the acquisition

methodology to other applications. Specifically, the company used its access-con-

strained method to design an acquisition scenario with respect to a single hori-

zontal well in the Utica Shale. Global once again developed a random 3-D layout

with vibrators constrained to existing roads. More than 1,690 source points were

spaced over 31 sq km (12 sq miles) of road in the area of interest. It was deter-

mined that a receiver line azimuth of 122 degrees would provide the highest fold

data. Parallel receiver lines were laid out at a distance of 251 m (825 ft) at the

optimal azimuth. The final irregular design provided more than 125 fold at the

Utica target, which was higher than that provided by previous conventional 3-D

designs using dynamite in the area. 

The Utica example confirmed that the paradigm used on the Brazil 3-D

vibroseis program is a viable acquisition method, with applications for a

variety of restricted areas. In both Brazil and the Utica, the company

employed this patented acquisition design methodology, demonstrating its

capacity for affordable acquisition of wide-azimuth high-resolution long-off-

set 3-D seismic data in otherwise inaccessible areas. The model improves

upon previous techniques for designing 3-D surveys in areas where vibro-

seis source positions are confined to roads and trails. Both of these exer-

cises determined that fold of coverage can be optimized by orienting the

receiver grid to minimize the number of receiver lines parallel to the

source lines. This patented methodology is a better procedure than starting

with a nominal grid of sources and receivers and subsequently moving the

sources to accessible locations. In this new 3-D design model, average fold

variation is an attribute that can help choose optimal receiver line orienta-

tion. Additional 3-D designs from Brazil, Colombia and Ohio, where source

locations are constrained to vibe-accessible areas, have demonstrated that

even with relatively sparse road networks, good fold at the target horizon is

achievable with this method.

Furthermore, this paradigm reduces environmental impact by eliminating

the need for dynamite sources, line clearing or driving vibes off of roads. Work-

ing on preexisting roads also greatly increases the efficiency of the crew, and

eliminating shot hole drilling costs can be a significant cost savings, both of

which are necessities in the current oil price environment. 

Improved efficiency, reduced environmental impact and cost savings

make seismic an affordable and applicable technology to the world of 

operations in addition to its more traditional use in exploration activities.

This paradigm shift has clear applications to the pad-based drilling of

today and significant potential for surveys dedicated to wellbores in

unconventional plays. 
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T
he dramatic expansion in computing power and the

huge amounts of data generated within organizations

have led to an increase in new methods to identify pat-

terns and trends among large datasets. Chief among

these are data mining and predictive analytics (also

called machine-learning processes)—cross-disciplinary

approaches consisting of advanced computational statis-

tics that are able to recognize patterns and predict

trends from the data.  

The healthcare, finance and retailing sectors (among

many others) all rely on such methods and algorithms to

extract information, correlations and interplays and to

predict the behavior of systems.

Data mining and predictive analytics also can be applied

to the upstream oil and gas industry. The result is a power-

ful tool for optimizing well planning and production. 

What is predictive analytics?
Predictive analytics is a knowledge-based

approach that uses automated pattern dis-

covery and analyzes current behaviors to

predict future outcomes. In other words, it

relies on techniques that are able to learn

from existing data properties.   

A typical predictive analytics workflow

often consists of two stages: gathering pat-

terns from the data and deriving rules to

identify underlying interplays and using

known results to train a model against the

available data with future results predicted

by using these models.

Many algorithms are available today to

identify correlations between data. The

classification of these methods depends

both on the nature of the learning process

and on the desired output. 

Supervised algorithms such as support vec-

tor machines or nearest neighbor algorithms

are based on rules given by a user, which are

adopted by the computer to map input into

outputs, whereas unsupervised learning processes leave it

to the computer to find the underlying data structure

(cluster analysis).  

Regression is another example of a supervised

machine-learning process where the output is continu-

ous rather than discrete. Classification processes are used

to map outputs into discrete categories. Clustering tech-

niques divide inputs into various groups based on the

identification of hidden patterns. But unlike classifica-

tions where labels are known beforehand, groups are not

known, which makes this process an unsupervised one. 

The combination of data mining, which is used to

explore existing data, and predictive analytics, which

focuses on the predictive power of the algorithms, creates

powerful methods to discover unknown areas of interest.

Identifying sweet spots
In unconventional reservoirs, sweet spot recognition is

essential to reducing uncertainty, high-grading acreage

Predicting sweet spots 
in unconventional fields

Data mining and predictive analytics can be valuable tools in shale development.

Julie Vonnet, Emerson Process Management

FIGURE 1. This figure provides an overview of the 3-D geomodel built to integrate

data measured across the area of interest. A facies property is shown. (Source:

Emerson Process Management)
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and improving field economics. Identifying sweet spots,

however, requires a detailed understanding of complex

reservoir properties and how these influence the pro-

ductivity of the wells. Inevitably, this involves large

amounts of data, from the static (horizons and faults)

through to lithological properties and organic content.

Classical approaches to mapping out and predicting

reservoir behavior tend to combine geophysics, geology

and reservoir engineering to estimate reservoir proper-

ties, both at local and regional scales. This integrated

approach can be improved even further thanks to pre-

dictive analytics specifically designed to get the best out

of large input datasets.

The workflow
The sweet spot prediction workflow that takes place

within the latest version of Emerson’s reservoir model-

ing software Roxar RMS 2013.1 consists of the analysis of

measurements that classify samples into specific groups

characterized by predictive patterns. The goal of the

workflow is to predict the potential interest of areas that

are located far from the wells by identifying sets of indi-

cators that show clear trends that correlate with the best

producing wells. These most relevant properties can be

used as a training pattern, and the classification of sam-

ples can be expanded to the entire target region by

exploring the nearest neighborhood of each sample to

classify all points according to their similarities. 

Selecting the data
In selecting the data for the new workflow, relevant

datasets can be log measurements, 3-D grid properties

and seismic data. These data are integrated into one

geomodel that can be divided into sub-areas depending

on the global size of the studied area. 

Production data also are valuable to the workflow, but

their variations in time can sometimes make their inte-

gration complex. To avoid this, it can be useful to deal

with the data by different stages, for example at the

frack stages. Production data also can be translated into

well properties, reflecting the productivity of each well

across time and depth.

Building the 3-D geomodel
The 3-D geomodel can be built either in time or in

depth, bringing together seismic interpretation, well

correlation and properties modeling. This enables the

kNN algorithm, a nearest neighbor classification algo-

FIGURE 2. Classification of the region of interest in the sweet spot (yellow) vs. the nonsweet spot (gray, at left) and an overview of the

level of confidence of the classification (right) are based on the training dataset presented. (Source: Emerson Process Management)
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rithm, to be run on a full 3-D model, ren-

dering both 3-D grid properties and aver-

age maps that show the location of

potential sweet spots. 

Filtering dependent properties before-

hand also improves results, and the grid

properties can then be used for volumes

estimation and well planning. Figure 1 illus-

trates one such 3-D geomodel.

Source and nature 
of available data
In this example, measurements coming

from the wells are wireline logs and petro-

physical analysis. As part of the workflow, 

all well data are first quality-controlled to

ensure that outliers don’t create unneces-

sary noise. The grid created from structural

maps and limiting the reservoir areas is then

populated with properties derived from

both well data and seismic attributes.  

Such properties include fracture density, rock brittle-

ness, and gas saturation or thickness maps. In total,

more than 15 properties have been used to generate the

final model and maps in this example case.

Defining training dataset, applying algorithm
The next stage involves defining

the training set and applying the

classification algorithm. The clas-

sification process is based on

user-defined selection, and the

analytical toolbox available in

Roxar RMS can be used to deter-

mine a reduced but optimal num-

ber of explanatory variables,

including, for example, fracture

density, total organic carbon and

shale thickness. Working with a

low number of explanatory vari-

ables makes the algorithm more

robust and reduces the computa-

tional cost without sacrificing pre-

cision. Through the identification of similar patterns

in areas with low well control, sweet-spot likelihood

maps can then be generated.

Potential sweet spots vs. nonsweet spots
After the algorithm is run, the classification of the area

of interest can be separated into two different classes: a

potential sweet spot vs. a nonsweet spot. 

The probability of the class to be correctly computed

is then calculated, providing indications on the quality

of the prediction. This is particularly important during

risk assessment phases, in which several scenarios can be

envisaged as a prelude to decision-making. Figure 2

illustrates this process.

Once geologists and reservoir

engineers have generated these

maps, it is then possible to use them

to plan new wells, predict produc-

tion and even calibrate models using

existing production history. Figure 3

illustrates future target locations. In

addition, the likelihood parameter

can play a key role in risk assessment

and scenario ranking.

Through a step-by-step integrated

and multidisciplinary workflow and

the use of predictive analytic tools

and machine-learning algorithms,

datasets can be generated from

unconventional reservoirs. They

can be mined to their maximum potential to identify

sweet spots and deliver improved decision-making on

where to drill, what production strategies to adopt and

how to unlock the value of operator assets.  

In this way the relevance of geomodels can be enforced,

classification algorithms can be used to capture complex

interplays and predictive analytics can optimize unconven-

tional reservoir investments.  

FIGURE 3. Target design and well planning in a prospective area have been identi-

fied from the previous data assessment. (Source: Emerson Process Management)

More than 15 

properties have 

been used to 

generate the final

model and maps in

this example case.
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A
client in the Bualuang Field in the Gulf of Thailand

faced a typical problem of economics vs. investment.

The client operated two offshore platforms, one with 10

slots and one with 16 slots, but all slots were full.

Although the field held additional production potential,

the client was reluctant to invest in a third platform. 

The client decided on a series of multilaterals in mul-

tiple wells on the 16-slot platform, which would enable

additional production without sacrificing production

from existing wells. Among the requirements for the

multilaterals were the following:

• Minimal risk to existing production from the mainbore;

• Ability to install the multilateral in a high-inclination

or horizontal position (to stay in the top portion of

the reservoir to avoid water coning issues);

• A TAML Level 4 cemented junction, providing the

ability to kick off the lateral in a soft sandstone for-

mation without risking hole collapse;

• Compatibility with rotary steerable systems (RSSs)

and polycrystalline diamond compact bit drilling

programs used in the lateral drilling program;

• Full isolation of the existing mainbore reservoir dur-

ing drilling and completion of the lateral leg;

• Fullbore access into the lateral bore to drill out the

lateral shoe and drill into the target zone; and

• Ability to run screens through the junction without

damage.

In addition to the technical requirements, the client

required both equipment and personnel to be mobi-

lized rapidly to meet the non-negotiable end-of-contract

date for the drilling rig.

Following a collaborative planning phase, the client

selected the Weatherford OneTrip StarBurst Multilateral

Multilaterals in slot-limited platforms
expand production, limit costs

By using existing wells on a platform in the Gulf of Thailand, an operator drilled 

and completed laterals from the wellbores, and production was commingled.

Cliff Hogg and Ron Barker, Weatherford

The Weatherford OneTrip StarBurst Multilateral System provides a low-risk method of installing and producing from multiple wellbores

while providing maximum mechanical support at the junction. (Source: Weatherford)
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System. This technology uses a hollow whipstock assembly

and QuickCut milling technology to mill a casing window.

The 2-degree angle of the concave ensures a longer win-

dow length and full compatibility with RSS. Once the lat-

eral wellbore is drilled, standard casing is run in the lateral

bore and tied back into the mainbore casing above the

junction point. The casing is then cemented, stimulated as

desired and perforated with charges through both the lat-

eral liner and the hollow whipstock assembly.  

Installing multilaterals
The client selected a seven-well project, and Weather-

ford quickly mobilized people and equipment for a late

May 2014 start date. Though mobilizing equipment was

seamless, importing the needed perforating charges

proved problematic because government regulations

prevent the movement of most explosive products. As a

result of this delay, the first multilateral well installation

began in August 2014.

After pulling the existing completion and prepping

the wellbore, the drilling team made up and ran the

packer, hollow whipstock and window milling assembly

in a single trip. The packer was then hydraulically set in

95∕8-in., 43.5-lb/ft casing at a measured depth of 1,387 m

(4,549 ft), where the wellbore presented an approxi-

mate 73-degree inclination. 

Prior to setting the packer, a standard MWD system was

used to determine and alter the orientation of the whip-

stock assembly. Once wellbore fluid had been circulated

over to a 9.2-lb/gal mud, the milling assembly was sheared

from the whipstock, and the entire window, including a 5-

m (16-ft) rathole, was milled in approximately 4.5 hours.

The team drilled approximately 1,300 m (4,264 ft) of

8½-in.-diameter hole using an RSS with MWD and LWD

systems. Seven-in. liner was then run, hung back in the

mainbore and cemented in place. The 7-in. shoe was

drilled out, and approximately 800 m (2,624 ft) of 61∕8-

in.-diameter hole were drilled into the reservoir, again

using geosteering. This lateral reservoir was then com-

pleted with 4½-in. standalone screens.

Regaining mainbore access
With the lateral bore completed and producing, the

team began an operation to regain mainbore produc-

tion by perforating through the 7-in. liner and hollow

whipstock. A perforating gun with 2.7 m (9 ft) of

charges at four shots per 0.3 m (1 ft) and aligned along

a single axis line was run downhole. 

The perforating charges were developed for the

OneTrip StarBurst hollow concave system to provide

short penetration lengths, maximum hole size and mini-

mum debris compared to typical perforating charges

that seek long penetration depths. The perforation gun

was run below an MWD system to orient the charges

toward the open pocket of the hollow whipstock. The

MWD assembly also provided the gamma ray logging

necessary to identify the radioactive tags run at the top

and bottom of the whipstock face to confirm proper set-

ting depth of the perforating gun.

The team pressured up the assembly to fire the guns.

Pressure immediately dropped by 40 psi, and losses of

450 bbl/hr were recorded, which confirmed that access

to the mainbore had been achieved. After retrieving the

perforating assembly, an electric submersible pump was

run and set just above the junction to provide commin-

gled production from both wellbores.

Creating multilaterals in remaining target wells
During the next two months, the multilateral system was

installed in each of three additional existing wells at meas-

ured depths of between 944 m and 1,000 m (3,096 ft and

3,280 ft) and at well inclinations between 53 degrees and

62 degrees at the junction depth. In all three installations,

the hollow concaves were set without difficulty in the 95∕8-

in. casing, and the casing exits and rathole were milled in

single trips in less than seven hours.

Lateral completions consisting of cemented 7-in. inter-

mediate casing and 4½-in. screens in the production

zone were used in all three remaining wells. Finally, in

two of the remaining three wells, the concaves were

located and perforated without difficulty, and successful

access into the mainbore was confirmed by a change in

fluid losses after perforating. 

On the final multilateral of the project, a malfunction-

ing firing pin cartridge resulted in an extra tubing trip

to perforate back into the mainbore. The second perfo-

rating run was a success. Although fluid losses weren’t

initially seen, a follow-up 200-psi injection test and

resulting pressure drop verified the desired communica-

tion with the mainbore. In all four multilateral installa-

tions, production rates will be monitored over the life of

the well to determine the level of reservoir/production

benefit achieved with these installations.

Demonstrated viability 
Because of the late start on the project and contractual

obligations on the rig, the multilateral project was

restricted to four installations rather than the original

seven. The client considered the overall project a suc-

cess, however, and it demonstrated how future projects

could convert existing wellbores into multilaterals

quickly and with low risk. 
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T
he Pearsall Shale play is emerging as another potential

unconventional resource for the South Texas region.

Geologically, the play lies several formations below the

Eagle Ford Shale in the Lower Cretaceous and extends

geographically from Maverick County near the Mexican

border to Karnes County southeast of San Antonio.  

To reach this shale zone, a deep vertical intermediate

section is drilled through a hard carbonate sequence con-

taining the Georgetown, McKnight, Edwards and Glen

Rose formations. The production hole consists of a curve

and a horizontal section through the Pearsall Shale.  

The MultiSense dynamics mapping system, a bit-based

vibration tool, was utilized to record downhole vibra-

tions in the 97∕8-in. intermediate hole section. The objec-

tive of the project was to measure, understand and

mitigate vibrations at the bit and bottomhole assembly

(BHA) in an effort to improve drilling performance.

The operator saved a significant amount of drilling time

through the elimination of downhole vibrations and

improved ROP.

The analysis reported in this study was conducted to

identify which types of downhole vibrations occurred

while drilling the intermediate section within the lower

Cretaceous leading to drilling inefficiencies and eventu-

ally damaged drillbits. Advancements in bit design and

diamond-cutter technology have allowed polycrystalline

diamond compact (PDC) bits to drill formations that

were previously deemed non-PDC drillable. 

As a result, operating parameters for PDC bits have

shifted to higher weight-on-bit (WOB) ranges at  reduced

rpm to enhance drilling performance in harder rock

types. Unfortunately for PDC bits, higher WOB and

lower rpm initiate torsional instability that develops into

stick/slip type vibration. 

For this project several bit designs were equipped with

the MultiSense module to record downhole vibrations to

gain a better understanding of these drilling dynamics.

Once the bit was pulled to surface, the vibration data were

downloaded and correlated with time-based surface drilling

data, which were downloaded at 5-sec data resolution.

MultiSense module
The MultiSense module is installed in the shank of the

bit as shown in Figure 1. The module resides directly

inside the drillbit shank to capture the true dynamic dys-

functions at the bit. It also can be positioned in subs and

placed anywhere in the drillstring. 

Bit-based vibration tool 
improves drilling performance 

in hard carbonates
A module records downhole vibrations to gain a better understanding of drilling 

dynamics to optimize the drilling BHA and select the proper bit design. 

John Rodriguez, Tim Webb and Paul Hale, 

Baker Hughes Inc.; and Steve Carter and Austin Kramr,

BlackBrush Oil and Gas

In-bit device

Drill bit

FIGURE 1. The MultiSense module is located inside the drillbit.

(Source: Baker Hughes)
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The module is a drilling dysfunction identi-

fication tool. The device comprises accelerom-

eters in which axial, lateral and torsional

vibrations are measured. Field-proven down-

hole algorithms convert raw g-root mean

squared values to understandable drilling dys-

functions such as stick/slip, bit bounce and

whirl. Several different accelerometers are

used to measure rpm. 

The module is capable of recording data

in two different operational modes: back-

ground and burst. The background data

calculate and store average values for axial

and lateral accelerations in addition to

maximum, minimum and average rotary

speeds. Samples of high-frequency data,

also known as “burst files,” are stored at

consistent intervals. 

Background, drilling challenges
The carbonate formations encountered in the lower

Cretaceous presented various challenges for the opera-

tor drilling in Frio County. The project wells consist of a

design with three casing strings, with a lateral section in

the Pearsall Shale. The surface section begins with a

14¾-in. surface hole to about 1,189 m (3,900 ft) true

vertical depth (TVD), where the 10¾-in. casing is set. 

Next, the 97∕8-in. intermediate section consists of a ver-

tical hole with interval total depth (TD) ending at about

3,277 m (10,750 ft) TVD, where the 75∕8-in. casing is

placed. Last, the production section is drilled in 6¾-in.

hole with a build and horizontal interval to well TD at

about 4,695 m (15,400 ft) measured depth (MD). 

For the 97∕8-in. intermediate section, unconfined com-

pressive strengths were evaluated from offset wells in the

area for the formations in the lower Cretaceous. Rock

strength values averaged nearly 15,000 psi within the

Georgetown Limestone. 

The underlying Edwards Formation also consists of a

limestone with a harder unconfined compressive

strength (UCS) ranging from 15,000 psi to 20,000 psi.

The following McKnight Formation averages nearly

20,000 psi and contains both limestone and anhydrite. 

Finally, the Glenn Rose Formation is composed of a

thick limestone interval with a UCS range within 18,000 psi

to 20,000 psi and lies above the Pearsall Shale pay zone.

Results, conclusions 
Prior to the project wells, an offset injector well was

drilled with a 12¼-in. vertical hole down to 2,564 m

(8,409 ft) MD, allowing a pre-well analysis. Although the

injector well was constructed with a different casing

design, it required five bit runs and 287 drilling hours to

reach this depth. Multiple BHAs were tripped due to

slow ROP where the PDC bits exhibited impact damage

indicative of downhole vibrations. For the project wells,

the operator redesigned the casing string and reduced

hole size from 12¼ in. to 97∕8 in.  

Also with the utilization of the MultiSense module, a bet-

ter understanding of drilling dysfunctions could be attained

by reviewing torsional and lateral vibration data and then

correlating these data with time and depth. From this corre-

lation the operator would then be able to optimize the

drilling BHA and select the proper bit design to maximize

drilling efficiency through the various formations. 

The use of a downhole motor and a modified bit

design on well B increased overall ROP by 37% to the

base of the McKnight Formation. Drilling to a depth of

2,610 m (8,562 ft) MD on well B saved 27.9 hours of rig

time compared to well A. 

Comparing project well B to the offset injector well

showed savings of an estimated 209.5 hours or 8.7 days

to reach this similar depth (Figure 2). The utilization of

the MultiSense module allowed the operator to gain a

better understanding of the drilling dynamics occurring

downhole at the bit. 

This investigation revealed that stick/slip was the most

common downhole vibration for the rotary BHA and

was responsible for the damaged PDC bit. Incorporation

of a downhole motor and a durable PDC bit in the BHA

eliminated stick/slip in the carbonate formations and

enhanced ROP. The lessons learned were implemented

in sequential wells to improve drilling performance for

the intermediate hole section. 

MULTILATERALS/
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Project Wells vs. Injector Well to TD

FIGURE 2. Cumulative drilling hours vs. MD are compared for project wells A and

B vs. an injector well. (Source: Baker Hughes)
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T
he remote monitoring of wells has grown signifi-

cantly over the years and—like a doctor tending to a

patient—operators use a variety of tools to gauge the

health of their wells. By deciphering the data provided

by various gauges, operators gain critical insights into

the life expectancy of the well and its downhole equip-

ment. While wells are typically tested on a monthly

basis, there is an option that offers real-time analysis of

production flow rates from wells equipped with electric

submersible pumps (ESPs). 

“The Schlumberger Lift IQ real-time production

flow-rate analysis service was developed because our

customers—operators—need to know how much they

are producing every day, not just on the day of the

test,” said Leila Hamza, product champion for Schlum-

berger Artificial Lift. “Most, if not all, test their wells

every month. Some need to test their wells more 

often, and others are unable to check them that often

because they just don’t have access to the well for a

variety of reasons.

“If you have an ESP in a specific well, you will be able

to say, ‘I know how much that well is producing because I

have the model that can tell me that at this point in time

my ESP is producing this much,’” she said. “It is not a

correlation or an artificial intelligence method. It is

purely based on physics, and because we use that, we

know that it is valid across the whole range of the ESP,

going from zero flow to the maximum flow. It works on

all brands and types of ESPs in the industry.” 

Know your flow   
Service offers real-time production flow-rate analysis for wells equipped with ESPs.

Jennifer Presley, Senior Editor, Production 

An ESP installed in an unconventional well in Colorado where the liquid rate dropped from 2,600 bbl/d to 400 bbl/d in seven months is

shown. The Lift IQ service model captures the transient effect due to the decline in reservoir pressure and the high-frequency liquid rate

oscillations (due to gas breakthrough). The Lift IQ service was used to predict flowing pressure for various production scenarios, help-

ing the customer maximize recovery on the well. (Source: Schlumberger)
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How it works
The service interprets data and provides operators with

a continuous and clear picture of how changes in fre-

quency and choke can affect production as well as the

oil and water content calculation to use for loss manage-

ment and back allocation. There is no need to retrofit

additional equipment in the field, and the service works

with all wells equipped with ESPs and downhole gauges,

according to the company. 

“It’s an analytical solution; there is nothing additional

needed in the field other than the ESP and pressure

gauges,” Hamza said. “The values are read and used in an

algorithm to calculate flow rates going through the pump.”

The algorithm has two pieces, she added. One is the flow

rate calculation through the pump, and the other is the

water cut. These algorithms are independent, and knowl-

edge of water cut is not required to calculate the flow rate.

Like multiphase meters or test separators, calibration is

necessary to ensure accuracy, Hamza explained. Once

calibrated, the proprietary flow-rate calculation algo-

rithm is valid for any point on the pump curve. This

ensures that the liquid rate can be calculated even dur-

ing transient conditions such as startup with phase segre-

gation and slugging, according to a product fact sheet. 

“We calibrate the model against a physical test. 

The idea is to calculate rates frequently, and this 

can be done as often

as once per minute,”

she said. “The serv-

ice starts with the

model calibration

using the physical

tests. We’ve proven

that the service can 

go—depending on

the application—

without recalibration

for up to 54 months

[as demonstrated in 

SPE-145542].”

The virtual

flowmeter service

works well with 

commingled wells

requiring back

allocation, when 

determining zonal

back allocation for

multilayered reser-

voirs, with low-

mobility wells

requiring reservoir pressure monitoring, in uncon-

ventional wells with changing flow regimes and with

wells with intermittent production.

“Our dedicated service team sets up the model based on

the completion information and delivers the rate and water

cut to the customer,” she said. “It’s not a black box generat-

ing points that one assumes are correct and improve with

time. It’s actually an analytical model that has proven to be

valid in various well conditions. We have decades of experi-

ence on ESPs to create that model, and every customer

receives their own model based on their own ESPs.”

Field-tested
Since deployment in 2011, the service has seen success

in remote and not-so-remote locations. 

“An operator in the jungles of West Africa experienced dif-

ficulty accessing their remote well site, creating challenges

during testing,” she said. “Over a period of 16 months, the

well had less than 10 test datapoints. After reviewing the data,

we established that out of the 10, only seven tests were valid

because the well was tested at the wrong time for the remain-

ing three. You do not see that on the surface, but you can see

it when you look at the ESP data.

“We ran our service technique, picked up the right

calibration point and were able to provide the operator

with a one-minute flow rate for the entire 16 months,”

An ESP installed in a remote well in West Africa suffered logistical difficulties, and as a result only 10 tests

have been performed during the 16 months of production with the test separator located 3 km (1.9 miles)

from the wellhead. The Lift IQ service provided a continuous high-frequency flow rate during this period and

was used to perform drawdown analysis, deriving reservoir performance and identifying a potential incre-

mental production of 160 bbl/d of oil. (Source: Schlumberger)
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she continued. “Based on those data, we also were a

ble to provide the depletion profile on the well for the

16 months. This is valuable infor-

mation that they may not have

been able to access because of dif-

ficulties associated with testing

their wells.” 

The service also is useful for ESP

systems deployed in unconven-

tional plays.

“The challenge with an uncon-

ventional well is the rapid deple-

tion,” Hamza said. “For example,

an operator may have an initial pro-

duction at 5,000 bbl/d, but then

production could shrink down to

500 bbl/d in less than a year. That

in itself is a big challenge. Opera-

tors seeking to maximize their production throughout

the life of the well need a tool to tell them where they are

in the decline curve and where they are in terms of pro-

duction.” With this knowledge, they can adapt their well

operation to maximize recovery.

“We deployed the service on a

well equipped with an individual

test separator,” she said. “The oper-

ator tested the well every day. For

the entire period—which was seven

months—we not only managed to

match the test data but also pro-

vided the operator with the rela-

tionship between the flow rate and

flowing pressure using only one

month of data. These tests allowed

the operator to predict how a

change in ESP operating would

impact the reservoir pressure sup-

port. With this new knowledge, the

customer was able to make key decisions in lowering its

operating cost and maximizing its production.”  
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It’s actually an 

analytical model 

that has proven to 

be valid in various 

well conditions. 
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T
hroughout the last decade the oil industry has

searched for alternatives to balance reservoir under-

standing with the costs involved in exploration and

development of oil and gas fields. The use of the Rez-

Connect real-time telemetry system (Figure 1) during

exploration drillstem testing (DST) helps ensure well

testing objectives by providing flexibility to the predeter-

mined well testing program. This flexibility is based on

access to reservoir data, real-time control of DST tools

and real-time analysis of well productivity parameters,

thus increasing efficiency and the quality of information

gathered during well testing operations. Traditional

real-time systems have ranged from deploying wire

downhole to using acoustic telemetry technology. 

Acoustic telemetry communication systems apply the

concept of compressional waves as a way to establish

communication between tools. These longitudinal

waves can be more easily visualized through observation

of spring vibrations, as shown in Figure 2, assuming that

a long spring is held in the hand and, as it is moved

downward, a section of the spring is compressed. When

the hand is moved upward, a section of the spring is

stretched. These sections of compression and tension

travel through the entire length of the spring. When

the compressional waves reach the end of the spring,

they reflect and travel back in the opposite direction.

This is very similar to the way that acoustic waves propa-

gate in acoustic telemetry systems. 

The stiffness and density of the spring influence the

speed at which these compressional waves travel. The

tubing or drillpipe is very stiff, and the wave speed in

Wireless acoustic system 
improves well testing efficiency 

Technology provides acoustic activation and control of downhole testing 

tools with full bi-directional communication.

Edgar Almanza, Halliburton

FIGURE 1. The RezConnect acoustic signal (red) travels downhole. (Source: Halliburton)
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the tubing is very high, on the order of 5,121 m/sec

(16,800 ft/sec). As a result, the human eye is unable to

see the acoustic waves propagate through the tubing.

The waves can, however, be heard with the use of Hal-

liburton’s DynaLink Telemetry System, which powers

the RezConnect System, allowing tool communication. 

Wireless telemetry 
The new wireless telemetry system was designed for serv-

ices in the cased-hole environment and has been fully

proven in the field. The system can reduce risks and

provide dynamic real-time control, measurement and

analysis of well productivity parameters to deliver accu-

rate, real-time reservoir characterization. RezConnect is

powered by the telemetry system, which is a wireless sen-

sor and acoustic transmitter that enables bi-directional

communication between downhole tools and the sur-

face. The system also provides real-time data, allowing

operators to make more informed and quicker decisions

and enabling them to more accurately characterize

reservoir formations through pressure and temperature

measurements and acoustic control of downhole valves,

sample collection and analysis. 

The system is a battery-powered wireless system

designed to be deployed during DST operations. It is the

platform that supports the RezConnect System opera-

tion. It distinguishes itself from conventional surface

readout systems by generating acoustic energy to trans-

mit real-time data to the surface through the tubing wall.

Gauges are equipped with quartz crystal sensors that pro-

vide accurate pressure and temperature measurement

downhole. These gauges operate in both memory and in

real-time modes. The DynaLink system also enables acti-

vation of and communication with downhole samplers

and tester/circulating valves and other downhole tools.

Dynamic real-time control
Initial development and application of the acoustic sys-

tem was for data acquisition. Later developments

allowed the telemetry system to be used as a downhole

network communication to actuate downhole devices

such as valves and samplers. Discoveries and develop-

ments in deepwater and deep formations with higher

downhole pressures required the use of higher hydro-

statics using high-density drilling muds, which caused

pressure transmissibility issues. Associated solids created

challenges during the use of annulus pressure-operated

tools. The application of wireless telemetry to control

the downhole DST assembly provided the solution,

reducing or even eliminating the need for pressure acti-

vation of downhole tools. Additional benefits include

less concern from casing pressure limitations, and the

need for wireline operation during DST was minimized

or eliminated, thus reducing safety concerns, particu-

larly during the development of deepwater operations.

Additionally, the system can be used to diagnose tool

behavior and provide feedback at the surface about

downhole tool status and completion of downhole tasks,

allowing confirmation of downhole tool events. This is

critical during deepwater operations, allowing reduction

of uncertainties, creating operational efficiencies, opti-

mizing testing procedures and allowing time reductions. 

Measurement, analysis of well productivity
The system has been deployed during well-testing opera-

tions worldwide, facilitating decisions because of its capa-

bility to provide real-time downhole data using downhole

quartz gauges in addition to allowing qualitative determi-

nation of the basic fluid composition of samples col-

lected downhole and the number of collected samples.

These two capabilities further reduce testing uncertain-

ties and provide valuable information to reservoir engi-

neers. Reservoir information is the essence and key

objective of any testing operation and provides a power-

ful collaboration and decision-making tool to engineers

for the entire testing operation to facilitate and optimize

the testing process. Before the use of current real-time

systems, data were acquired through the deployment of

electronic memory gauges that were retrieved at the end

of testing operations for reservoir interpretation. 

A similar concept was applicable during development of

downhole sampling operations since sampling was per-

formed with no assurance of samples being collected or

what fluid was collected in the samplers. The quality of data
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FIGURE 2. Acoustic waves in the DynaLink wireless acoustic

telemetry system communication are similar to the compres-

sional waves in a spring. (Source: Halliburton)
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and samples collected only could be confirmed at the end

of the entire operation, when samples were transferred and

validated after the testing operation. In the event of incon-

clusive test results, the ability to repeat well testing opera-

tions is limited and, in most of the cases, impossible because

of the cost and operational requirements involved.  

The development of downhole wireless acoustic tech-

nology has helped achieve the objective of accurately

characterizing reservoirs and production potential in

real time. The technology is capable of accurately

acquiring dynamic reservoir data, efficiently controlling

downhole tools and fluid samplers and operating in a

collaborative environment, allowing optimization of the

well test. The improvement in terms of efficiency is

achieved through immediate and accurate decisions to

reach planned well testing objectives with less rig time

and improved safety conditions during DST operations. 

Hydrostatic pressure can pose significant limitations

and restrict well testing operations since the applied

annulus pressure cannot exceed the maximum allowable

casing pressure. The use of wireless acoustic technology

helped eliminate this limitation with its capability to acti-

vate multiple DST tools without the use of annulus pres-

sure. The operator can operate downhole tools and fluid

samplers in a low casing-pressure testing environment.

The well testing system provides full acoustic actuation

and control of downhole test tools and pressure-volume-

temperature fluid samplers and delivers their opera-

tional status along with bottomhole pressure and

temperature data in real time. The system allows real-

time verification and monitoring of complete downhole

testing operations, reducing uncertainties and enabling

operators to meet or exceed well testing objectives. This

is achieved through the use of advanced wireless teleme-

try technology that provides acoustic activation and con-

trol of downhole testing tools. Downhole sensors and

acoustic repeaters are spaced along the work string with

full bi-directional communication and control capacity

to monitor formation behavior, tool activation and oper-

ational status during the entire testing operation. 

PRODUCTION 
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A
n estimated 7% of the world’s oil and gas resources

are believed to lie within deepwater regions such as

offshore West Africa, North America and South Amer-

ica. Production from such reservoirs has steadily

increased since the 1980s to the point where it is pro-

jected to reach approximately 10 MMbbl/d by year-end,

equivalent to 10% of global oil output.  

Oil and gas companies have the utmost respect for the

challenging ocean conditions that characterize these

regions and, in turn, carry out the necessary due dili-

gence to help minimize the uncertainties in engineering

design and operational planning. 

Effective offshore exploration, engineering design,

field development and operational planning in deepwa-

ter environments require a comprehensive understand-

ing of the ambient and extreme ocean current conditions

through the use of in situ measurements and ocean mod-

eling technology.  

Robust simulation
Although in recent years there have been significant

advances in ocean modeling technology, ensuring fully fit-

for-purpose model results has continued to challenge the

Scratching beneath the surface 
When it comes to selecting the design requirements for deepwater 

floating production facilities and their subsea components, effective 

long-term modeling of the water column at the field’s location from surface 

to seabed is a valuable addition to an operator’s offshore tool box.

Robin Stephens, BMT ARGOSS

The design of FPSO vessels requires an

assessment of dynamic loadings associated

with combined response to winds, waves

and near-surface currents.
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research community. Producing high-quality and robust

ocean simulation is still a difficult problem to overcome.

To better understand the ocean conditions within a

potential development site, an operator will typically

deploy an oceanographic mooring, which would be

equipped with current meters as well as temperature

and conductivity sensors to acquire detailed site-specific

measurements. 

Although such an approach can provide a detailed

insight, measurements are seldom more than a year in

duration, which is a relatively short time period and can

therefore provide only limited insight. When designing

an offshore structure, it’s important to consider the

longer term variability in conditions at a given loca-

tion—a year’s worth of measurements may not necessar-

ily capture all of the characteristics of the ocean’s

current conditions.  

Floating design 
requirements 
The design of deepwater structures

such as floating production facili-

ties comprises subsea components

including risers and moorings,

which span right through the water

column from the surface structure

down to the seabed.  

This means that the loadings on

subsea components will be strongly

influenced by the current flow-

through depth. When designing

such components that require a long life span, there is a

need to assess worst-case design-loading conditions as

well as through-life fatigue loading.  

The design of FPSO vessels also requires an assess-

ment of dynamic loadings associated with combined

response to winds, waves and near-surface currents. An

evaluation of spatial and temporal variation in through-

depth ocean currents and water density also is necessary

for oil spill contingency planning.  

The availability of high-quality, long-term oceano-

graphic datasets can greatly minimize the uncertainties

within the concept feasibility phase and can allow an

optimum design to be delivered.

More conservative designs
If a design engineer is faced with high levels of uncer-

tainty in ocean conditions, then a more conservative

design with high factors of safety built in is likely.  

Equally, an engineer may unwittingly “underdesign” a

component because of a lack of awareness of conditions.

Either scenario is not ideal. The more detailed informa-

tion an engineer has for informing the design process, the

less uncertainty there is in the conditions that the engi-

neer is designing the subsea components to withstand. 

Metocean support is equally crucial within the installa-

tion process. There are various stages of this process that

can be extremely sensitive to strong currents, for exam-

ple, and will therefore create operational limits.  

Oil and gas operators use expensive vessels and ROVs

during the installation process. If detailed information

regarding the environmental conditions has not been

made available, this can cause extended and very costly

delays, which can quickly escalate from one day to the

next. Detailed statistical analysis of favorable conditions

to help complete the different phases of installation is

therefore key.  

Mid-Atlantic region
To help support oil and gas compa-

nies with offshore engineering

design and operational planning in

the Mid-Atlantic region, BMT

ARGOSS joined forces with the Met

Office (the U.K.’s national weather

agency) and Oceanweather Inc. 

Funded by the partners, the main

deliverable of the project, titled the

Mid-Atlantic Current Hindcast

(MACH), is a 20-year ocean current

reanalysis for the Mid-Atlantic

region, with nested high-resolution

grids covering principal oil and gas concession areas.  

The Met Office is one of the leading organizations in

data assimilation and large-scale, complex ocean circula-

tion modeling. The pioneering work of Oceanweather’s

hindcast approach and derivation of optimal wind fields

for ocean model boundary forcing has been recognized

internationally in both the scientific community and in

applications for the offshore industry. This knowledge

has been coupled with BMT ARGOSS’ extensive experi-

ence in providing fit-for-purpose metocean services. 

Key to MACH is the data assimilation scheme that is

used within the model. Data assimilation uses measured

data to accurately condition the starting fields in the

model. In effect, a computer simulation is conducted

and objectively adjusted to match the realities of the

observed data that are available.  

Available data can come from a number of sources,

including satellite, remote sensing of sea surface

height and temperature, and autonomous Argo profil-

ing floats that are commonly used in oceanography.

Detailed statistical 

analysis of favorable 

conditions to help 

complete the different

phases of installation 

is key.  
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With approximately 3,600 deployed worldwide, these drifting

profiling floats continuously measure ocean temperature and

conductivity to derive density, which is important in determin-

ing large-scale motions in the ocean. 

MACH One

During the initial pilot phase of the MACH project, the system was

run over two one-year periods with 12 different permutations of

model configuration.  

Extensive validation of all results was undertaken against in

situ measurements and drogue trajectories in order to deter-

mine the best setup. An optimized 20-year “production run”

was then conducted. Detailed validation of the full hindcast

dataset was undertaken to demonstrate the performance of the

model and the suitability of the outputs for use in offshore

applications.    

Utilizing state-of-the-art assimilative ocean modeling technol-

ogy and high-quality wind forcing, the hindcast can provide a

strong framework for conducting fine-resolution modeling in

other parts of the Mid-Atlantic Basin, including Brazil. A robust

long-term ocean simulation that has been validated and opti-

mized against data measured in the given region will provide

vital support in helping to meet the demanding needs of the 

oil and gas industry as new deepwater territories are explored

and developed. 

Subsea components are under stress from ocean currents.
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I
n the area of gas processing, it would be hard to argue
that selecting topsides treating systems that stay within

capex and opex budgets is not challenging. It is cur-
rently estimated that FPSO real estate is going for
$10,000 to $15,000 per 0.09 sq m (1 sq ft). The ever-
increasing demand for higher production rates forces a
strict adherence to designs that deliver maximum per-
formance for the smallest footprint and at minimum
weight. Doing that means FPSO equipment footprints
must be occupied by application-specific technologies
that operate at the apex of safety and efficiency.

To identify the key cost-inducing variables for a 
topsides treatment design, most planners start with 
a basic economic axiom: The cost of treating a gas
stream to obtain the required levels of purity must be
low enough and the revenue realized from its subse-
quent sale must be high enough to justify the overall
processing investment. 

Together with the type of gas that is to be treated, this
economic principle usually leads planners to select pro-
cessing technologies that have the following operating
characteristics:

• Proven reliability;
• Maximum production uptime and volume;
• Flexibility to tolerate varying gas feed conditions; and
• Operational simplicity.

Traditional system
Meeting natural gas pipeline transmission specifications
requires processing operations to treat or condition pro-
duced gas that contains acid gases such as hydrogen sul-
fide (H2S) and CO2. These acid gases are removed
because they lower the heating value of natural gas and
accelerate the corrosion of pipelines and transmission
control equipment. Typically, these are termed “sour”
gases, and the amount of the impurities they contain
can vary across the globe. Gas reservoirs can contain as
little as less than 1% and as much as 90% CO2, and

amounts of the toxic and often deadly pollutant H2S can
range from a few parts per million (ppm) or zero to a
number of percentage points.

A complete gas-processing train has a number of
unit operations, all of which must work in concert to
achieve operational efficiency and safety. Regarding
the actual sour gas separation process, the most preva-
lent technology being used today is amine absorption.
In this process, produced gas containing acid gases is
conditioned using an alkaloamine solvent or similarly
formulated amines. 

The amine solvent is fed top-down into a contactor
tower, where it washes past the gas stream flowing in
the opposite direction, absorbing the H2S or CO2. With

Wanted: efficient gas treatment 
system to fit tight FPSO footprint 

FPSO operational viability depends on processing systems 

that rate the high-priced vessel real estate they occupy.

Ankur Jariwala, Cameron

While amine absorption strips out CO2 very efficiently, the tall

towers required increase the processing system’s size and

weight. (Source: Cameron)

http://EPmag.com


September 2015   |   EPmag.com98

FLOATING 

PRODUCTION

the acid gases removed, the conditioned

gas, or “sweet” gas, exits through the top

of the contactor tower. The used amine

liquid exits the bottom of the tower and

is sent to a stripper column, where it is

heated to remove the absorbed H2S or

CO2, which enables the amine to be

regenerated and recycled.

Alternative system
An alternative to the amine process is the

membrane treating system, which treats

produced gas through the use of polymer-

based filtering material to separate CO2

and H2S from gas streams. To construct a

membrane module, manufacturers use

large quantities of hollow fiber tubes that

are about 100 microns in diameter, or the

size of the average human hair. Hollow

fiber membrane elements provide a high

amount of fiber surface area per 0.09 sq m

of space required and allow the feed

stream to separate easily into two flows. 

The fiber tubes are systematically assembled into a sin-

gle, compact element containing a central perforated

steel core tube. The membrane element is then housed

in an enclosed steel vessel to control the natural gas sur-

rounding the membrane element.

As the hydrocarbon-inlet produced-gas stream enters the

module, it passes around the membrane fibers. The hollow

fiber membranes allow the smaller CO2 and H2S molecules

to pass through (or permeate) the fiber walls much faster

than the more complex natural gas components, which

pass around the fibers and into the center core.

A low-pressure stream of permeate (rich in CO2 and

H2S) exits the element through the horizontal tubes

near both ends of the module body. The high-pressure

natural gas stream (the residual, with the bulk CO2 and

H2S removed), exits through the steel core tube at the

bottom of the module.

When compared with amine systems, fiber membrane

systems are more compact and largely self-contained.

The membrane process works on the principle of diffu-

sion and solubility-based separation and has no moving

parts or chemical requirements. Membrane systems also

eliminate the need for liquid recirculation, thereby

reducing maintenance. Beyond eliminating the weight

of liquid chemicals and the need to maintain liquid

recirculation equipment, membrane systems don’t

require the logistics associated with the transportation

and storage of liquid amine chemicals.

Membrane treating systems treat produced gas through the use

of polymer-based filtering material to separate CO2 and H2S from

gas streams. (Source: Cameron)

Cameron’s CYNARA PN-1 CO2 separation system combines two different types of

hollow fibers within a single membrane element and reduces the overall size and

weight of the membrane system. (Source: Cameron)
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“We offer both gas-processing systems,” said Rick

Peters, director of membrane operations with

Cameron’s custom process systems. “Our CYNARA

membranes are capable of meeting low CO2 pipeline

specifications, even when gas streams contain up to 90%

CO2. And they can provide bulk separation of CO2 for

gas streams with varying production rates and varying

inlet CO2 content. Cameron’s CYNARA PN-1 CO2 sepa-

ration system combines two different types of hollow

fibers within a single membrane element to provide a

specific process duty that will reduce the overall size and

weight of the membrane system.”

However, membrane systems are not always the best

answer. For a gas stream containing 600 ppm to 700 ppm

H2S that needs to be reduced to 4 ppm with a little amount

of inlet CO2, the amine system is a better choice. “For

extremely low CO2 specifications, like LNG pretreatment,

it would be economically more viable to use a hybrid sys-

tem, employing membranes for bulk removal followed by

an amine system for the polishing step,” Peters said.

Design considerations
When considering treatment system designs, planners

also should note some additional operating character-

istics: Membrane units require gas pretreatment,

mainly in the form of gas dehydration. Amine treat-

ment is an aqueous process that saturates the product

gas stream with water. So the amine process will need

to be upstream of the gas dehydration step or else the

product gas will require a secondary dehydration step

prior to being routed to the pipeline. Amine units

also are prone to create foam in the presence of very

heavy hydrocarbons.

“We discovered that there is a quantifiable difference

between the two systems,” Peters said. “Amine absorption

has multiple moving components and requires chemical

solvent management. Modular membranes have elimi-

nated those operating characteristics. This can be extremely

important when you’re talking about a tight FPSO footprint

because of the limits on expanding those facilities or modi-

fying their treatment processes.” 

FLOATING 
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N
ew technology remains key to unlocking the oil and

gas resources being pursued by operators in both con-

ventional and unconventional reservoirs around the world. 

In this special section E&P has highlighted some of

the latest products and technologies to be shown at the

SPE Annual Technical Conference and Exhibition

(ATCE) in Houston and looks at how they will benefit

companies in their ongoing operations to find and pro-

duce new reserves. 

SPE ATCE’s opening general session this year will

focus on meeting the long-term energy challenge to

2040 within the current industry environment of cost-

cutting and deferred projects. This means less invest-

ment in the very oil and gas developments that will be

required to produce new reserves and meet forecast

demand, which is expected to see oil consumption grow

by 32% by 2040 from today’s level. This growth, com-

bined with the increasing use of natural gas, means that

oil and gas together will constitute more than 60% of

the global energy mix by 2040.  

As a result, the importance of new and improved tech-

nologies and products that can enable projects to be

commercialized or existing producing assets to be

enhanced has never been more apparent. 

With more than 450 exhibitors participating in SPE

ATCE, there are many innovative products and solutions

to be found on the show floor as well as in the technical

sessions and workshops, which will touch on subjects

ranging from gas scrubbers and flow assurance challenges

to new completion technologies and EOR techniques.

The copy herein is contributed from service companies and

does not reflect the opinions of Hart Energy.

Cement evaluation service provides data
about cement properties
The Baker Hughes Integrity eXplorer cement evalua-

tion service allows a change for the evaluation of the

cement integrity of oil and gas wells. This new technol-

ogy applies electromagnetic-acoustic sensors in cement

evaluation and allows operators to directly assess the

integrity of cement bonds in any current wellbore envi-

ronment or cement mix-

ture. While cement com-

pressive strength has

typically been used as a key

indicator of cement quality,

today’s challenging envi-

ronments require a more detailed assessment. The

Integrity eXplorer service provides operators with accu-

rate and comprehensive data about the properties of the

respective cement, which enables them to make critical

decisions to help protect their assets, reduce nonpro-

ductive time and minimize unnecessary remediation.

The Integrity eXplorer service will be featured in the

Baker Hughes booth 2125 at ATCE. bakerhughes.com

VSD will be first in North America to power
both induction motors, PMMs 
Borets will be showcasing its permanent magnet

motors (PMM), WR2 pumping system, PMM progres-

sive cavity pump (PCP) and Axiom II variable-speed

drive (VSD). The PMM is used in downhole electric

submersible pump (ESP) systems. Power consumption

is 10% to 25% better than that of induction motors,

lowering energy costs and reducing the carbon foot-

print of these systems. The motor also is 40% shorter

and lighter than induction motors and has a higher

power factor and power density. This system will save

about 15% on immediate power costs, and its cooler

operating design should improve system runlife. The

WR2 pumping system offers a new and different way of

New technologies key for 
changed oil and gas landscape

SPE ATCE will showcase innovative products 

and services for overcoming industry challenges. 

Integrity eXplorer cement 

evaluation technology is the

first to apply electromagnetic-

acoustic sensors in cement

evaluation, allowing operators

to directly assess the integrity

of cement bonds in any cur-

rent wellbore environment or

cement mixture. 

(Source: Baker Hughes)
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manufacturing downhole ESP systems. Suitable for

unconventional horizontal wells, the WR2 can produce

sand and gas in greater quantities than previously pos-

sible in the ESP industry. The PMM PCP is a new down-

hole-driven PCP system that does not use a gear box

like current technology. This provides a step change in

the operations of PCPs in deviated wells. Borets has

about 400 systems in place today and is just bringing

PMM PCP to the North America marketplace. The

Axiom II is a new VSD made to seamlessly drive both

induction motors and PMMs. The drive will be the first

in North America to power both types of motors as well

as introduce new safety features and custom software to

extend ESP runlife. borets.com

Digital knowledge system compares assets
against proven analogs
The Digital Analogs Knowledge System (DAKS) is a

knowledge platform with detailed field and reservoir

reports, a comprehensive geologic and reservoir engi-

neering database on the world’s most important fields

and reservoirs, and a platform for reservoir perform-

ance analysis. C&C Reservoirs DAKS allows companies

to improve exploration success, optimize field develop-

ment plans, enhance production performance and max-

imize the recovery efficiency of their E&P assets through

application of lessons learned and best practices drawn

from nearly 1,500 rigorously documented fields and

reservoirs. Benchmarking and analytical tools, along

with the ability to capture knowledge about clients’ own

assets for comparison against proven analogs in DAKS,

enable them to make better E&P decisions. Parameters,

attributes and ideas from proven fields and reservoirs

can be used to verify E&P hypotheses and boost E&P

decision-making confidence. ccreservoirs.com

Fracturing fluid system
requires fewer chemicals
The CalVisc fracturing fluid

system was introduced in the

Williston Basin in 2014. Devel-

oped as an alternative to tradi-

tional crosslinked fluid

systems, CalVisc provides

many completion advantages.

The fluid has a shear thinning

characteristic, resulting in

greater viscosities at low shear

rates. With these loadings, the

fracturing fluid system allows

fracture treatments to be

placed in numerous wells

using the same sand design

previously used with crosslink

guar systems. In addition,

CalVisc requires fewer chemi-

cals, resulting in improved economics when compared

to similar completion designs. Lower chemical volumes

also mean fewer pieces of equipment needed to per-

form a fracture treatment and, to date, the higher con-

centrations of friction reducer have not presented any

operational issues. Trial wells have shown no increased

difficulty in fracture placement and have demonstrated

an average 25% increase in 90-day oil production num-

bers. calfrac.com

Ultraconductive high-density
ceramic proppant designed for
harsh environments 
The CARBO precision-engineered KRYP-

TOSPHERE HD ultraconductive, high-

density ceramic proppant is designed to

enhance production in harsh environ-

ments. One of the industry’s strongest

proppants, KRYPTOSPHERE HD will be

featured along with the CARBO technol-

ogy platform trio of production assur-

ance, flow enhancement and fracture

evaluation services. KYPTOSPHERE HD

is engineered with unsurpassed conduc-

tivity, compressive strength and durabil-

ity, with uniform pore throats to enhance

flow. The uniquely engineered technol-

ogy also withstands the extreme cyclic
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Using DAKS for this client field, a number of potential technical issues were identified

when compared to global analogs. Parameters that are less than P10 for the analogs

are highlighted in yellow, and parameters that are greater than P90 are highlighted

in red. This information, along with other details on the analogs, can be used to iden-

tify programs that might improve development of the field and increase the recovery

factor. (Source: C&C Reservoirs)

Calfrac’s team of engineers,

chemists and technical spe-

cialists develop technolo-

gies aimed to help operators

improve production num-

bers. (Source: Calfrac Well

Services)
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loading conditions of

high-flow wells. KRYP-

TOSPHERE HD can

be used as a base prop-

pant for the CARBO

technology platforms,

as reflected in the Gulf

of Mexico’s Lower Ter-

tiary where it was

applied successfully

and conjointly with

SCALEGUARD prop-

pant-delivered scale-

inhibition technology.

With this evolving

technology, chemical

inhibitors for scale and other barriers to optimize flow

are infused into the proppant, allowing an engineered

release of inhibitor for long-term and cost-effective treat-

ment. carboceramics.com

Mechanical gel
strength apparatus
measures phase
changes of oil well
cement slurries
Chandler Engineering, a

leader in drilling and com-

pletion instrumentation,

introduced the Model

5265MG Mechanical Gel

Strength Analyzer for

direct measurement of gel

strength development of

oil well cement slurries.

This technology allows oil

service companies and

operators to accurately

determine the potential for

gas and fluid migration

between the casing and formations. The Model 5265MG

provides an accurate simulation of the entire cementing

process including the dynamic slurry conditioning and

placement phase as well as the static gel phase of the

operation. The design includes a precision step motor

and reaction force transducer, which allows the instru-

ment to efficiently and precisely measure phase changes.

The sealed step motor is capable of effective measure-

ments as low as 0.2 degrees per minute for the gel phase

and up to 150 rpm for slurry conditioning. The maxi-

mum temperature is 204 C (400 F), and the maximum

pressure is 20,000 psi. For more information, visit Chan-

dler at booth 3417 at SPE or go to chandlereng.com. 

Reservoir modeling workflow delivers 
understanding of field-scale operations 
Computer Modelling Group’s (CMG’s) reservoir simula-

tion software is recognized worldwide as the standard for

simulating the unconventional, including hydraulic frac-

tures, thermal, EOR, compositional and advanced recov-

ery processes as well as conventional black-oil reservoirs.

Durng SPE ATCE, CMG will host several presentations

highlighting its chemical EOR, thermal and brownfield

reservoir modeling capabilities, including talks on its

workflow for modeling complex shale and tight oil or gas

reservoirs. The workflow uses CMG simulators with

Builder’s user-friendly wizards to model naturally or

hydraulically fractured reservoirs to analyze and forecast

multiwell, multipad models. CMOST quantifies uncer-

tainty to manage risk and identify opportunities while

also optimizing well and fracture spacing to increase pro-

duction, net present value (NPV) and EUR. Applying

CMG’s unconventional reservoir modeling workflow can

deliver a better understanding of field-scale operations

and can reduce costs while maximizing NPV. Visit CMG

at booth 1925 to learn more. cmgl.ca

Suite of interpretations offers abundant
analysis resources
Digital Formation offers petrophysical analysis software

and services covering a wide variety of interpretations.

In addition to standard shale formation analysis, the

The KRYPTOSPHERE and SCALEGUARD

proppant technologies were com-

bined for a Gulf of Mexico deepwater

project. (Source: CARBO)

Chandler Engineering’s new

Model 5265MG Mechanical Gel

Strength Analyzer was designed

for direct measurement of gel

strength development of oil well

cement slurries. (Source: Chan-

dler Engineering)

This shale gas model shows pressure and was created using

Builder, CMG’s preprocessing application. (Source: Computer

Modelling Group)
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company has developed specific solutions that include

relative and effective permeabilities to water and hydro-

carbon as continuous curves; fracture identification

from standard triple and quad combo logging suites;

rock physics modeling, including distinction between

brittle and ductile rock; and specialized analysis of

unconventional shale reservoirs. The suite of interpreta-

tions offered will quantify a variety of reservoir compo-

nents, including net pay for both clean

and shale formations; recognition of

fracture intensity for both open and

cemented fractures; correlation to seis-

mic attributes integrating well data

with seismic records; definition of brit-

tle vs. ductile intervals as input to stim-

ulation design; identification of levels

of likely high water production; and

images (brittle and ductile, or frac-

tures). digitalformation.com

Petroleum planning software
connects asset teams, corporate
planners, operational teams 
Enersight will be at SPE ATCE at booth

4012 demonstrating its petroleum

planning software, a comprehensive, integrated plan-

ning software that can connect asset teams, corporate

planners and operational teams for continuous, unified

decisions. Production forecasting, economic modeling,

resource scheduling and corporate budgeting are all

integrated in Enersight’s multidisciplinary teams that

can intelligently plan, track and manage their assets.

The company will demonstrate how to run scenarios

SPE SPECIAL 

REPORT

Enersight’s Production Flow Network gives a visual representation of the entire develop-

ment plan. (Source: Enersight)

Digital Formation’s logging suite quantifies reservoir components. (Source: Digital Formation)
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quicker and easier, with side-by-side comparisons to eval-

uate options. Enersight software also incorporates oper-

ations activity scheduling that factors in true production

constraints of development decisions plus capital fore-

casting. This integrated, holistic approach to field 

development and corporate planning helps upstream

petroleum producers make competitive and cost-effec-

tive decisions at every stage of their business, achieve

stronger rates of return, demonstrate capital efficiency,

optimize production and replace reserves. enersight.com

Expandable liner offers predictability of
planed fracture stages
The limitations of chemical diverters and existing

methodologies led Enventure to develop the ESeal

Refrac (RF) solid expandable liner. The ESeal RF liner

provides a new wellbore with zonal isolation of exist-

ing perforations and internal pressure integrity that

enables greater predictability of planned fracture

stages. This translates into a faster payback on invest-

ment and extended production life of the reservoir.

Typically, various mechanical and chemical refractur-

ing techniques have been employed, with widely

mixed results. For one, sealing off older, unproductive

perforations with particulates is unpredictable, unreli-

able and usually requires multiple attempts. Even

then, sustained integrity remains a giant question

mark. Chemical diverting agents, while popular, lack

internal pressure integrity and tend to go the path of

least resistance. Case studies are available to the public

at Enventure’s technical library at

enventuregt.com/en/technical-library.

Surface seismic monitoring system enables low-
noise detection of seismic event magnitudes
ESG’s surface seismic monitoring system is a digital

microseismic recorder. Intended for harsh outdoor con-

ditions, the system monitors seismic events from the

surface during hydraulic fracturing. The surface system

enables accurate and low-noise detection of a wide

range of seismic event magnitudes and is ideal for

detecting induced seismicity. Combined with ESG’s

downhole array system, the surface system ensures the

most accurate and robust detection of seismic events,

giving a highly detailed view of the hydraulic fracturing

program. The surface system also has a small footprint

and has been designed within a durable, flexible and

customizable platform. ESG understands the impor-

tance of having up-to-the-second access to microseismic

data to monitor a hydraulic fracture, and the surface

system is web-enabled so streaming data are accessible

from anywhere in the world. esgsolutions.com

Proppant transport technology can reduce
cost per barrel of oil equivalent
Propel SSP proppant transport technology is reducing

the cost per barrel of oil equivalent by increasing

hydraulic fracturing efficiency. This proppant and fluid

system in one, typically, can increase hydrocarbon pro-

duction by more than 30% within six months and, in

some cases, more than 50%. The technology is a hydro-

gel polymer wrapped around a proppant that swells

when mixed with water, reducing the proppant’s effec-
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The ESeal Refrac liner provides a new wellbore with zonal isola-

tion of existing perforations and internal pressure integrity that

enables greater predictability of planned fracture stages.

(Source: Enventure)

The surface system enables

accurate and low-noise

detection of a wide range of

seismic event magnitudes

and can detect induced

seismicity. (Source: ESG

Solutions)

Propel SSP proppant transport

technology swells upon contact

with water to go farther and

higher into the formation,

expanding the reservoir

drainage radius from a longer

effective fracture half-length.

(Source: Fairmount Santrol)
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tive specific gravity. The proppant, which resists settling,

stacks higher for a longer effective fracture half-length.

Once at bottomhole conditions, a breaker unwraps the

polymer from the proppant; the polymer and water

become a low molecular-weight fluid that flows back eas-

ily. Unlike traditional fluid systems, damaging residue

that can choke off valuable production does not remain

in the fractures or around the proppant pack. Propel

SSP technology enables greater production by traveling

farther in a thin fluid for better propped fracture area

and conductivity. fairmountsantrol.com

Gas extractor for real-
time wellsite analysis
designed to eliminate
inconsistent readings 
Gas Cannibal, from Fluid

Inclusion Technologies (FIT),

is a constant volume pneu-

matic gas extractor for real-

time wellsite analysis that is

designed to eliminate incon-

sistent readings. 

Features include:

• Auto-leveling to mud level

changes before they

adversely affect observed

sample gas chemistries; 

• Fully automated for

unmanned 24/7 operation;

• Universal design for use

with any wellsite gas ana-

lyzer and flow system;

• Rugged construction, including sealed bearings, an

explosion-proof motor and a stainless steel design;

• Modular design for quick changeout and sealed

components, allowing safe wash-down of the unit;

• Wide range of height adjustment with a usable range

of 19 in.; and

• Small footprint, allowing the unit to fit in an 8-in.-

diameter opening in the header tank.

For additional information about the Gas Cannibal or

any other FIT service, visit booth 3043. fittulsa.com

Mixed flow stage pump capable of handling
gas, abrasive content
Unconventional wells usually have a very fast decline

curve. IP rates start high and then decline rapidly within

the first few weeks or months. The wells usually have

about a 50% oil-water ratio, and the wells are high in gas

content and have high abrasive (sand) content. These

pumping conditions can be very challenging to an elec-

tric submersible pump (ESP) and can cause gas locking,

cyclic operation, reduced run time, reduced oil produc-

tion and higher operating expense. 

GE recently introduced the first-ever mixed flow stage

pump in its TD 675 Pump that is capable of handling

both gas and abrasive content better than radial flow

stage designs. The new Q Plus design is an ESP with

tungsten carbide bearings not only for down thrust and

radial support but also for upthrust support. This means

a true wider operating range that will stay in the well

longer, allowing customers to maximize oil production

and minimize lifting costs. geoilandgas.com

Technology provides detailed, targeted 
geologic information 
Seismic on Demand is a new product offering that

integrates 3-D and ambient seismic via acquisition

design and processing techniques to deliver high-reso-

lution seismic at a scale and pace that are practical for

pad-based operations. Global’s Seismic on Demand

provides detailed and targeted geologic information

of the planned production area. The flexibility of 

the AutoSeis recording system, coupled with its 3-D

design, makes acquisition fast—days in the field rather

than months—and leaves minimal environmental

impact for easier permitting. Processing of high-reso-

lution 3-D and ambient seismic data maximizes under-

standing of faults, fractures and stress fields. Seismic

on Demand can reduce environmental impact, cut

costs and increase efficiency without compromising

data quality. It also meets the growing need for data

that support detailed well planning and completion

design. globalgeophysical.com

Latest software version supports competency
management needs
In October 2014, IHRDC, which specializes in oil and gas

training, worked in collaboration with SPE to launch the

SPE Competency Management Tool (CMT) for its world-

wide membership. This year, IHRDC and SPE will be

expanding the reach of the tool’s initial launch with

CMT 2.0. CMT 2.0 will include an expanded list of com-

petency models and is built on IHRDC’s new compe-

tency management software platform, CMS Online 4.1,

FIT is bringing the Gas 

Cannibal constant volume

pneumatic gas extractor to

the market. (Source: FIT)

Stage Type BEP Operating Range

TD 675 Floater 675 BPD 500 to 850 BPD

TD 675 Compression 675 BPD 50 to 850 BPD

TD 675 AR Modular 675 BPD 50 to 850 BPD

TD 675 Q Plus 675 BPD 50 to 1,100 BPD
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which is set to be released in September 2015. CMS

Online supports its clients’ competency management,

talent management, and employee and organizational

development. The new version will have a new look 

and a more powerful capability to handle companies’

competency management needs. CMS Online assists

companies in complying with internal and external

requirements for compliance training and competency

management and also enables clients to follow the

process requirements of third-party accreditation bodies,

such as OPITO, for evidence capture and assessment

methods. ihrdc.com

BVS sends pressure readings, records for 
multiple days
Interwell’s wireless barrier verification system (BVS) was

developed to meet the demand for barrier plug integrity

assurance. The BVS transmitter is configured to send

pressure readings but also can record for multiple days

depending on battery configuration, wellbore tempera-

ture and logging frequency. The receiver also records

and stores the pressure information collected above the

installed plug for reference and wirelessly receives the

values from below the barrier plug. The BVS provides

information to determine the overall quality of the bar-

rier installed, allowing operators to obtain a positive 

verification of well barrier and integrity with a higher

degree of confidence. With the supply of downhole data

from mechanical wireline operations available online

and even in real time, the BVS can save operational time

with a more efficient verification of the barrier, espe-

cially in low-pressure wells with free gas. interwell.com

Microseismic-based evaluation tool 
calculates system permeability
PermIndex is a proprietary microseismic-based perme-

ability evaluation tool used to estimate bulk permeability

for each fracture stage. Using the radial pressure fronts

of microseismic events during hydraulic fracturing, 

PermIndex calculates effective system permeability on 

a stage-by-stage basis. Calculating permeability provides

important parameters for reservoir history-matching

and computation of effective drainage volume and helps

operators improve production forecasting and EUR.

PermIndex includes two important features: the Perme-

ability Scalar and the Production Productivity Log. The

Permeability Scalar captures the fracture intensity at any

given point in space and can provide a realistic estimate

of variation in system permeability within the volume
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CMT 2.0 will include an expanded list of competency models and will be built on IHRDC’s new competency management software

platform, CMS Online 4.1. (Source: IHRDC)

The BVS provides information to determine the overall quality of

the barrier installed, allowing operators to obtain a positive veri-

fication of well barrier and integrity. (Source: Interwell)
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impacted by hydraulic fracturing. The Production Pro-

ductivity Log allows the engineer to understand the pro-

ductivity potential of each stage and can provide realistic

constraints to reservoir simulation models. The Produc-

tion Productivity Log, combined with the Permeability

Scalar, allows the reservoir engineer to quickly and accu-

rately achieve history-matching and to estimate drainage

volume and EUR. MicroSeismic is exhibiting at booth

3943. microseismic.com

Frack sleeves can be opened and closed as
needed to provide flexibility, control
NCS Multistage will be showcasing three new products at

SPE ATCE. The MultiCycle frack sleeves are the first

reclosable frack sleeves in the oil field. They can be

opened and closed as needed to provide flexibility and

control for completion, production and refracturing

operations. The AirLock casing buoyancy system facili-

tates landing casing in horizontal wells at nominal cost

and without interrupting casing and cementing opera-

tions. The AirLock system allows the vertical casing sec-

tion to be filled with fluid, while the lateral section

remains air-filled and buoyant. The enhanced buoyancy

reduces sliding friction by more than 50%, while the

weight of the vertical section provides additional force

to push the string all the way to the toe. Finally, the Vec-

tor Max hydraulic-set liner hanger features a metal-to-

metal seal and a sure-running design that minimizes the

risk of premature setting or unplanned running tool

release. ncsmultistage.com

Monitoring system operates independently of
completion system
The ePLUS Retina monitoring system is designed to ver-

ify downhole events, detecting multistage completion

system operations and their effects on the reservoir. 

The self-contained monitoring unit operates independ-

ently of a completion system and does not interfere with

stimulation operations. Specially designed sensors relay

information from the well to the Retina monitoring sys-

tem, which takes up a small footprint on location, and

there are built-in redundancy features for all measure-

ments to ensure timely and accurate data are being 

captured. One of the major challenges in multistage

stimulation is visualizing downhole operations. Tradi-

tionally, surface pressure signatures are used to monitor

operations and indicate certain completion system

events, including a ball landing on seat or a fractureThe top image shows permeability enhancement achieved

within the P-SRV/SRV volume. The bottom image is an example

of the Production Productivity Log. (Source: MicroSeismic)

MultiCycle frack sleeves are the first reclosable frack sleeves in

the oil field. (Source: NCS Multistage LLC)

The ePLUS Retina monitoring system operates independently of a

completion system and does not interfere with stimulation opera-

tions. (Source: Packers Plus Energy Services)
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port shifting open. However, in some cases the signature

is not present or clear due to factors such as formation

pressure, pump rate or data acquisition rate. This uncer-

tainty can lead to costly delays. The Retina monitoring

system can provide a cost-effective way for operators to

visualize their multistage completions, enabling on-the-

fly operational adjustments to ensure a successful stimu-

lation, and can provide information for future wells.

packersplus.com

Reservoir modeling technologies help 
capture deeper insights into the reservoir
Understanding and capturing reservoir connectivity is

the cornerstone of any reliable reservoir modeling

study. It almost guarantees faster history-matching and

provides confidence when predicting future reservoir

performance. During SPE ATCE, Paradigm will unveil

its Paradigm 15 release, which can bring improved accu-

racy to reservoir modeling. Paradigm’s SKUA-GOCAD

interpretation-to-modeling platform provides the ability

to combine multiple sources of information to control

the distribution of reservoir rocks away from wells, to

model compartments, to capture the impact of fault

position uncertainty on production forecasts and to

build flow simulation-ready grids for the most adverse

geological settings. To validate interpreted compart-

ments, the Paradigm Interpret well test interpretation

solution can provide deeper insights into the reservoir

through a new implementation of pressure transient

deconvolution. pdgm.com

Corrosion-resistant alloy designed for 
harshest environments
PCC Energy Group offers a range of high-performance

alloy solutions that can stand up to the harshest offshore

environments. PCC’s alloys, produced collaboratively by

its companies, are incorporated into a number of prod-

ucts, including corrosion-resistant oil country tubular

goods, umbilical tubing, CO-X co-extruded clad pipe,

titanium stress joints and high-yield steel fittings, which

will all be on display at SPE ATCE 2015. Additionally,

the company will be showcasing its strongest and most

corrosion-resistant superalloy yet: the INCOLOY alloy

945X. As the energy market continues to demand access

to harsher and more damaging environments, 945X has

the qualities to stand up to these forces and work reli-

ably to curb downtime. pccenergy.com

Development programs, competency 
building help company workforces
Whether a company is seeking a basic training course

for new-hire engineers or a complete organizational

competency development program, PetroSkills offers

deep industry experience and competency-building

expertise useful in helping develop a company’s work-

force. Industry-validated competency maps form the

framework for all PetroSkills solutions, define bench-

marks for competency and outline the knowledge and

skills required for major disciplines. Driven by these

standards, PetroSkills’ learning resources encompass the

full spectrum of industry knowledge and skills needed

to create comprehensive workforce solutions. The com-

pany’s broad industry know-how includes instructors

and subject-matter experts averaging 35 years of real-

world experience in a range of technical subjects. This

extensive collective knowledge, combined with

advanced web technology, helps the company’s clients

develop, support and manage workforce competency

and compliance. petroskills.com

Nonintrusive flowmeters designed to have
more accurate decline curves
Pietro Fiorentini surface and subsea multiphase and wet

gas flowmeters provide real-time simultaneous measure-

ment of oil, water and gas flow rates. The meters measure

the three phases flowing together without separation, elim-

inating the need for separation before measurement and

avoiding installation of large and costly equipment. The

meters are nonintrusive, operate in-line and have more

accurate decline curves, permitting accurate reserves cal-

culations that can help the development strategy. The

meters offer reduced drilling and completion costs by 

better understanding interference between wells and 

better characterizing the stimulation zone. Other advan-

tages include optimized production by observing continu-

ous flow rates and increased data confidence, allowing

earlier recognition of wells problems. Additionally, the

Paradigm builds accurate reservoir models in the presence of

complex faults. (Source: Paradigm)
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technology’s adaptable and modular design allows adding

modules as the well flowstream changes during its life

cycle. The additional modules can be added to the system,

improving the accuracy and extending the operating

range. fiorentini.com

Tracer technology obtains production profile
of the well
RESMAN Intelligent Tracers are used to monitor the

inflow of oil and water for years of a well’s life without

intervention operations. The technology works by inte-

grating the Intelligent Tracers within the completion

hardware. The Intelligent Tracers mark the production

from individual reservoir intervals with an identifiable

chemical signature, which can be analyzed and mod-

eled to obtain a production profile of the well. RES-

MAN experimentally verified the validity of its inflow

quantification model (the Flush Out model) in a full-

scale flowloop test with joint industry project partners

Eni and Statoil, demonstrating that the Flush Out

model can quantify inflow within 5% accuracy. The

information obtained provides the equivalent of a pro-

duction log but without the risk and cost of well inter-

ventions. Applications include quantification of oil

inflow contribution, water breakthrough monitoring,

inflow assurance monitoring and detection of conden-

sate banking and gas breakthrough. resman.no

Proppants feature magnetic susceptibility
that is detectable using wireline tools
At SPE ATCE 2015, Saint-Gobain will feature a new line

of proppants that enables precise detection of proppants

placement in the fracture. The proppants possess a mag-

netic susceptibility, that is detectable using common

magnetic susceptibility wireline tools. The exceptional

strength of the proppants ensures survival in the fracture

even in the deepest offshore wells. Unlike conventional

tracer proppants, the magnetic susceptibility attribute is

a permanent proppant property, and strength of the sig-

nal does not decay with time, therefore allowing meas-

urements to be taken at any time during completion or

the production life of the well. This then enables opera-

tors to gain insight into not only the initial fracture

geometry but also the fracture geometry evolution over

the life of the well. proppants.saint-gobain.com

APS surfactants feature improved thermal
stability
Common alcohol propoxy sulfates (APS) are broadly

used for chemical EOR and in various oilfield applica-

tions. However, their use is limited up to 60 C (140 F)

due to the thermal stability of these compounds. SASOL

has developed APS with improved thermal stability. The

new ALFOTERRA M surfactant series includes APS that

are proven stable up to 70 C (158 F), and in some cases

up to 80 C (176 F), for months. In addition, these new

compounds retain the performance properties of the
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Pietro Fiorentini’s Flowatch HS (left) and Subsea Flowatch HS

(right) flowmeters are shown. (Source: Pietro Fiorentini)

RESMAN Intelligent Tracers can be integrated with a variety of

completion devices, including screens and pup joints. 

(Source: RESMAN)

Saint-Gobain proppants 

possess a magnetic 

susceptibility, which is

detectable using common

magnetic susceptibility 

wireline tools. 

(Source: Saint-Gobain)
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traditional ALFOTERRA surfactants, like small applica-

tion concentration, Winsor III behavior and ultralow

interfacial tension, and will be delivered as a high-active

(greater than 90%), water-free material with low viscos-

ity. Hence, the gap between the low-temperature appli-

cation of the conventional APS surfactants and the

high-temperature surfactants is closed. sasol.com

ESP deployment system replaces ESPs 
without a rig or hoist
The ZEiTECS Shuttle is an electric submersible pump

(ESP) deployment system that enables ESPs to be run

and replaced without a rig or hoist. A downhole electri-

cal wet-connector technology enables standard ESPs to

be run through tubing on wireline, coiled tubing or

sucker rods and to connect into a downhole docking sta-

tion. The ability to replace ESPs conveniently and inex-

pensively without a rig can reduce life-cycle costs and

deferred production for clients, thereby prolonging well

and field economic viability and increasing producible

reserves. The ZEiTECS Shuttle system is an integral 

part of the Schlumberger technology portfolio, which

focuses on maximizing production and ultimately reduc-

ing system life-cycle cost. slb.com

Subsea vibration data loggers designed for
low-frequency motions
To service the emerging need to collect high-quality

vibration data under increasingly stringent subsea envi-

ronments, Stress Engineering Services has developed a

Subsea Vibration Data Logger (SVDL). The SVDL is

available in two configurations: real-time (intercon-

nected real-time fatigue monitoring system) and stand-

alone (battery-powered vibration recorder).

The SVDL was designed specifically for the low-fre-

quency motions experienced by subsea equipment,

incorporating high-precision sensors and electronic 
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(Source: SASOL)

The ZEiTECS Shuttle allows standard ESP interventions without 

a rig, minimizing production deferment while reducing both

operating costs and HSE exposure. (Source: ZEITICS, a Schlum-

berger company)

An instrumentation and data acquisition system schematic is

shown for a riser fatigue monitoring system. (Source: Stress 

Engineering Services)

APS @ 70 C, common products and new AlfoterrA M-series
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components. Benefits of monitor-

ing using SVDLs include opera-

tional safety, risk reduction,

maximization of uptime and opera-

tional efficiency, and improvement

of overall upstream profitability.

The real-time SVDL system has

been used by JAMSTEC while

drilling under the direct influence

of the Kuroshio current (4-knot to

5-knot surface current). Under such current, the drilling

riser might be exposed to fatigue-life consuming vortex-

induced vibrations (VIV). The system provided real-time

stress and fatigue damage data for the entire drilling

riser, using only seven SVDLs on the 1,829-m (6,000-ft)

riser. Standalone SVDLs were recently employed by Shell

while drilling in 1,829 m of water with 4-knot to 5-knot

surface currents, including 1-knot submerged currents

extending to more than 1,000-ft (305 m) depth. Fast

turnaround of SVDL data enabled fatigue life consump-

tion to be tracked during periods of strong VIV. This

enabled the well to be successfully drilled to depth under

the most onerous of conditions. stress.com

Toe sleeve carries out CIT without damaging
the casing during overpressuring 
TAM International released its new PosiFrac Toe Sleeve

(PTS) to the market in April. The design of the PTS

allows operators to perform a casing integrity test (CIT)

up to the full burst rating of their casing. Unlike other

toe sleeves on the market, which are based on frangible

devices such as a rupture disc or shear wire, TAM’s PTS

does not require overpressuring of the casing once the

test is complete to establish communication with the for-

mation. Once a successful test is achieved, the tool will

open upon bleed-down from the test pressure. This tech-

nology allows the operator to carry out the CIT without

damaging the casing during overpressuring

and, in certain cases, provides positive feed-

back that the toe is open to the annulus. The

design enables the PTS to open on bleed-

down and uses the tool’s response to the very

high forces that act on the piston area of the

sleeve portion of the assembly. When that

effective area sees pressure, the sleeve opens,

which can potentially provide positive feed-

back at surface that the tool has opened as

designed, ensure the sleeve is fully opened

and locked in place via the lock ring, and miti-

gate any potential risk associated with cement-

ing the sleeve in place. The tool is designed

with features such as large flow areas to help ensure qual-

ity stimulation out of the toe stage; the ability to run mul-

tiple tools and have them open concurrently to provide a

better stimulation profile, if required; and large inside

diameters that not only accommodate stimulation and

production but also eliminate the need for specialty

cement wiper plug sets. The simple design of the actua-

tion system can further provide for extremely high relia-

bility and minimal configuration. A single configuration,

with the exception of one variable, can accommodate all

pressures and temperatures across all basins. tamintl.com

Aqueous-based system reduces risks 
associated with D&C challenges
A reservoir drill-in system was developed by TBC-Brinadd

LLC and initially introduced in 2001 as a nonbiopolymer

system whereby in lieu of traditional xanthan and similar

gums, it used only an acid or enzyme soluble polymer to

serve both as a viscosifier and a fluid loss additive. Recent

advances now provide additional flexibility for this sys-

tem, which can be used in many challenging environ-

ments, thus accommodating operators and their drilling

and completion (D&C) projects to reduce risks associ-

ated with fluids. Recent optimization now allows the

blending to a final density as low as 9 lb/gal using modi-

fied starch, inorganic magnesium compound, selected

bridging/weighting material and relatively inexpensive
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TAM’s PTS does not require overpressuring of the casing once the test is complete to

establish communication with the formation. (Source: TAM International)

A digital image shows the residual filter cake produced using an 11.5-lb/gal system

and an HP/HT modified fluid loss cell with an aloxite disk. (Source: M-I SWACO LLC)
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calcium chloride as a base plus an inorganic magnesium

compound (Table 1). At this density, the system is still

biopolymer-free, and low-shear-rate viscosity remains 

elevated such that hole cleaning does not decline. In

addition, a recent D&C project demonstrated that the

incorporation of an inhibitor prevented near-wellbore

scaling during the D&C phases. This system is provided

by M-I SWACO LLC, a Schlumberger company.

slb.com/services/miswaco.aspx

Forging process allows development of safer
landing string for deepwater applications
The offshore industry’s current trend is driving toward

ultradeepwater wells, combined with

deeper total depths. To be able to set

and run larger and heavier casing

strings with hook loads approaching

or exceeding 2.5 million lb, a heavy-

duty landing string system has been

developed by Vallourec. Such systems

must be capable of landing heavy

loads while ensuring slip crush resist-

ance. One of the current operational

challenges with existing heavy-duty

landing strings is linked to the posi-

tioning of the slips, in particular

when using extended slip designs 

and eliminating the risk of setting 

the slips on any weld or heat-affected

zone. Hence, a forging process 

has been used to produce seamless

forged landing strings. The technol-

ogy involves a hot forming process

using a four-hammer forging

machine on a cylindrical mandrel.

The main advantage of this technol-

ogy is to achieve improved dimensional tolerances,

shaped tubes and metallurgical properties. Vallourec’s

forged CrushFree landing string has been industrially

manufactured this year and is now available to the mar-

ket. vallourec.com

Water treatment services recover resources
from produced water for reuse 
Veolia’s produced water treatment solutions are designed

to eliminate the risk and liability associated with pro-

duced water management and disposal. Added benefits

are EOR to increase production, reduced lease operating

expenses and recovered resources from the produced
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TABLE 1. Comparison of rheological data from projects and wells that used or tested this nonbiopolymer system are listed in the

table. (Sources: M-I SWACO LLC)

Density: 9.3 lb./gal5 10.3 lb./gal2 13.6 lb./gal1 15.4 lb./gal4 16.5 lb./gal3

Temperature: 48.9 C 48.9 C 50 C 48.9 C 48.9 C

600/300 rpm 42/30 48/30 172/106 114/74

200/100 rpm 25/19 23/15 81/52 58/40

6/3 rpm 7/6 7-9/6-8 4/3 13/11 8/6

Gels 10 sec/10 min 6/7 4/5 11/12 6/7

PV (cp)/YP (lb./100 ft2) 12/18 13-17/17-26 18/12 66/40 40/34

pH (direct): 9.0 9.2-9.5 8.45 5.0

1. Readings taken at plant, second batch. 2. Range of rheology readings while drilling reservoir in field. 3. Laboratory readings after hot roll. 4. Laboratory readings after
hot roll at 129 C (265 F). 5. Laboratory readings after hot roll at 85 C (185 F).

Produced water treatment solutions from Veolia can improve EOR, increase production

and reduce lease operating expenses. (Source: Veolia)
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water such as salt byproducts and freshwater for reuse in

operations, irrigation or surface discharge.

The company’s fully integrated systems operated by

trained Veolia personnel come with a performance

guarantee that enables customers to focus on what they

do best—extracting and producing oil and gas—with

the peace of mind that their water is in the hands of

water experts. The company’s latest ceramic mem-

brane-based innovations—ROSS and OPUS II technolo-

gies—will be among those showcased at booth 4102.

veoliawatertechnologies.com/en

Compact hydraulic long-stroke pumping unit
requires no site preparation, installs quickly 
The Weatherford EnviroLift hydraulic long-stroke pump-

ing unit is a lift solution that is well suited for multiwell

pads, environmentally sensitive areas and populated

areas. It provides similar capabilities as a conventional

pumping unit—but in a more compact, environmentally

friendly package that enhances safety—and elim-

inates problems associated with other hydraulic

technologies. The unit is suited for deviated and

horizontal wellbores and for liquid production

up to 1,200 bbl/d (191 cu. m/d). The unit

comes in three parts that require no site prepara-

tion and install quickly: the wellhead, cylinder

assembly and power unit. The 240-in. stroke unit

is rigidly bolted and supported on the integrated

wellhead—eliminating guy wires while enabling

the unit to withstand 100-mph winds—and is

contained in a single cylinder with no exposed

moving parts. The design eliminates the stuffing

box to avoid leaks. With a maximum skid size of 

3.4 m by 1.8 m (11 ft by 6 ft), the unit enables

higher well density and increased productivity in

multiwell pads and provides plenty of workspace.

Additionally, with options for camouflaging 

and noise reduction to blend into the surround-

ing landscape, the unit can be aesthetically 

pleasing. weatherford.com

Pump features wiper assembly and fil-
ter to keep sand out of plunger, barrel
When producing in sandy wells with recipro-

cating rod-lift systems, wear can occur at unac-

ceptable levels. Abrasive sand accumulating

within the barrel/plunger interface damages

both the barrel and the plunger, thereby

shortening pump life, reducing production

rates and increasing operating costs. The

Weatherford Sand-Tolerant Pump (STP) can

restore economic viability to sandy, rod-pumped wells.

Based on ongoing tests, the STP works in sandy condi-

tions more than six times longer than conventional

rod pumps by lubricating the plunger/barrel inter-

face with filtered production fluid. The STP features 

a wiper assembly and filter coupling for efficient, 

reliable performance. The outside of the wiper 

assembly creates a barrier that keeps sand out of the

plunger/barrel interface by continually wiping the

inside of the barrel while the pump produces sandy

fluid to the surface. The filter coupling houses an

internal screen that only allows clean produced fluid

to pass through the equalization ports to the interface

and lubricate the pumps. Because the filters move

with the plunger, the sweeping action of the fluid on

the downstroke cleans the filters and keeps sand sus-

pended within the production fluid. The sand-laden

fluid is then produced through the center of the

plunger to the surface. weatherford.com

The sand-tolerant pump restores economic viability to sandy rod-pumped

wells. (Source: Weatherford)
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A
recently released report by West Virginia University

sets recoverable gas reserves in the Utica Shale at

more than 20 times the estimate of the U.S. Geological

Survey (USGS).

The two-year study by the Appalachian Oil & Natural

Gas Consortium concluded that the Utica possesses total

recoverable resources of 22 Tcm (782.2 Tcf) of natural

gas, far beyond the previous estimate of 1 Tcm (38 Tcf).

The neighboring Marcellus Shale is estimated to hold 14

Tcm to 22.7 Tcm (500 Tcf to 800 Tcf) of natural gas.

“The revised resource numbers are impressive, compa-

rable to the numbers for the more established Marcellus

Shale play and a little surprising based on our Utica esti-

mates of just a year ago, which were lower,” Douglas

Patchen, director of the consortium, said in a statement.

“But this is why we continued to work on the resource

estimates after the project officially ended a year ago,” he

said. “The more wells that are drilled, the more the play

area may expand, and another year of production from

the wells enables researchers to make

better estimates.”

The study, “A Geologic Play Book

for Utica Shale Appalachian Basin

Exploration,” also estimates recover-

able crude oil at 1.96 Bbbl, or about

double the USGS estimate.

“The combination of a relatively

shallow reservoir and the potential

for liquids production has made this

an attractive play,” researchers wrote.

Even if the study overestimates its

natural gas figure by a factor of 10,

the Utica would still possess more

than two-and-a-half times the reserves

of Australia, which is on the brink of

leading the world in LNG exports.

Funded by 15 industry members of

the consortium, the research team

also included individuals from state

geological surveys in Ohio, Kentucky,

Pennsylvania and West Virginia;

Washington University, St. Louis; Indi-

ana University; Smith Stratigraphic

LLC; the USGS; and the U.S. Depart-

ment of Energy’s National Energy

Technology Laboratory.

The study focused on the underly-

ing Point Pleasant Formation, where

drilling is concentrated in a north-

south trend in eastern Ohio, although

more recent drilling in the north has

shifted toward the northeast and into

Utica reserve estimates soar
Drillers stand poised to reap the rewards.

Staff Report

Geophysical well logs for 1,857 wells (almost 1,500 from Ordovician and deeper pene-

trations) were part of the Utica study.

UNCONVENTIONALS:

UTICA SHALE
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northern Pennsylvania. As operators migrate their activi-
ties eastward into deeper drilling and higher maturation
areas, they encounter dry gas.

“The level of thermal maturity in the Utica/Point
Pleasant shows a progression in increasing bitumen
reflectance from west to east, with a very steep increase
occurring in eastern Ohio,” the researchers noted.

That could be a concern since technically recoverable
does not necessarily transition to economically viable.

As Gregory Wrightstone, owner of Wrightstone Energy
Consulting, told the Pittsburgh Tribune-Review, “The bil-
lion-dollar question is how far east it will prove to be
profitable and productive.”

Eclipse has Utica’s number
Ben Hulburt, CEO of Eclipse Resources Corp., show-
cased his company’s many strengths in the Utica play at
Hart Energy’s DUG East conference in June, including
his claim—along with Chesapeake Energy Corp.—to be
among the fastest and most efficient drillers in the play.

“In my opinion, we drill faster and cheaper than any
company in the Utica, except Chesapeake,” said Hul-
burt. “And part of the reason is that our drilling team
has drilled more wells in the Utica than anyone out
there, except Chesapeake. It’s a real competitive advan-
tage to be able to drill the highest pressure and deepest
part of the Utica, which is really challenging, and to drill
a 21,000-ft [6,400-m] well in 17 days.”

To date, Eclipse has participated in drilling 187 gross
Utica wells, including 70 operated wells. In a compari-
son of operated vs. nonoperated wells, as measured by
drilling days, Eclipse-operated wells since inception were
19% faster at 26 days vs. 31 days for nonoperated wells.
Comparing just the last 20 wells, Eclipse was 38% faster
at 18 days vs. 29 days, according to Hulburt.

He noted that since it commenced operated drilling
in 2013, the company has increased lateral lengths by
33%, while well costs have been lowered by 23% so far
this year compared to 2014. In the wet gas area, well
costs have come down to $7.4 million from $9.5 million
in 2014, and in the dry gas area costs have been cut to
$8.2 million vs. $10.5 million previously, he said.

In terms of resource potential, Hulburt noted the
company had some 800 remaining drilling locations.
The company has recently started downspacing in the
dry gas area, testing spacing of 230 m (750 ft) vs. 305 m
(1,000 ft) previously, with results looking “very similar”
to the wider spacing area.

“That could potentially increase our total company loca-
tions by as much as 20% just by downspacing from 1,000 ft
to 750 ft,” Hulburt said. A similar test in the wet gas area,

testing downspacing from 230 m to 152 m (500 ft), could
provide a further 20% increase in locations, he added.

Based on the company’s current drilling space cou-
pled with internal type curve assumptions, Eclipse man-
agement estimates that its current asset base can
generate about $4 billion of net present value based on
current commodity prices. By comparison, the com-
pany’s enterprise value’s was trading at only about $1.6
billion, according to Hulburt.

In addition, Hulburt pointed to a comparison of how
much Utica acreage could be acquired for each $1 mil-
lion of enterprise value for Eclipse and its peers. For
Eclipse, each $1 million translated into 69.3 Utica acres
vs. a peer group average of 41.9 acres. The range for the
five peers was from 21.8 acres on the low end to 65.3
acres for the highest of the peers.

Noting its superior leverage to the play, “you get the
most bang for your buck with our stock if you believe in
the core of the Utica, which we do very much,” he said.

Planned capex for 2015 is $352 million. With one rig,
the company projects 145% to 160% year-over-year
growth in 2015, followed by 60% to 80% growth in 2016.
For 2016, Eclipse assumes a continued one-rig program
and the completion of 15 net drilled but not yet com-
pleted wells in the liquids area.

Projected internal rates of return (IRR) are highest
for the company’s two dry gas areas based on futures
strip pricing and consensus estimates. Assuming strip
pricing, dry gas west and dry gas east wells had IRRs of
49% and 74%, respectively, while using consensus esti-
mates, the two areas’ wells had IRRs of 32% and 50%,
according to data shown by Eclipse. 

“In my opinion, we drill faster and cheaper than any company in

the Utica, except Chesapeake,” said Ben Hulburt, CEO of Eclipse

Resources, at Hart Energy’s DUG East conference June 24. 

(Photo by Heather Heindel)

UNCONVENTIONALS:

UTICA SHALE
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Lower costs, emissions 
from oilfied operations  
New technology offers operators another option in emissions reduction.

O
ilfield operators continue to search for new tech-

nologies to decrease costs and reduce pollution.

Drivers for this search include falling oil prices and

tightening air quality regulations. Several technologies

are now in industrial practice to reduce mono-nitrogen

oxide (NOx) emissions from industrial sources. 

Early solutions
First developed in the 1960s and seeing widespread

application in the decades thereafter, selective catalytic-

reduction (SCR) systems involve the injection of an

ammoniacal reagent such as ammonia, aqueous ammo-

nia or urea in the presence of a catalyst to convert NOx

back to nitrogen and oxygen. Catalyst costs have steadily

decreased since the introduction of SCR, which is able

to reduce NOx to less than 5 parts per million (ppm). 

SCR remains the most costly of all NOx reduction

strategies and has other well-known issues. For example,

for NOx to reach sub-5-ppm levels, excess reagent is usu-

ally required. Some of the excess reagent can slip by the

catalyst unreacted as is and is called ammonia slip. Some

districts now have limits not only for NOx but also for

ammonia slip, further complicating the use of SCR as an

abatement strategy.

If higher NOx emissions are acceptable (5 ppm to 20

ppm), flue gas recirculation (FGR) is another well-

attested pollution-reducing technology. FGR strategies

typically redirect a portion of the flue gases produced

during the combustion process back to the fresh air

inlet of the burner. The addition of inert gases to the air

cools the flame and dilutes reactive species, thereby

reducing the formation of NOx. 

Joe Colannino, ClearSign Combustion Corp.

FIGURE 1. Flame length is predominantly determined by the dis-

tance required to fully mix the fuel and air. (Source: ClearSign

Combustion Corp.)

FIGURE 2. With DUPLEX technology, the combustion reaction takes

place in a porous ceramic matrix beyond the traditional mixing

length of the burner. This results in short flames that are largely

confined to the dimensions of the ceramic matrix itself, resulting

in very little time for NOx formation and eliminating the possibil-

ity of flame impingement. (Source: ClearSign Combustion Corp.)
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The recirculation of flue gas requires addi-

tional energy in the form of increased fan

power. Today’s lowest NOx burners currently

recirculate as much as 40% of the flue gas.

Pushing all that flue gas around in a circle

requires considerable additional fan horse-

power, increasing electrical energy costs. To

minimize additional electrical demand from

utilities, certain air quality districts have con-

templated an upper limit on the amount of flue

gases that may be recirculated. 

SCR and FGR reduce air pollution, but they

also require additional operating costs. In addi-

tion, SCR can require potentially expensive sys-

tem redesign to integrate the catalyst bed with

the combustion source. FGR requires some sys-

tem modification for keeping ducting and

downtime to a minimum. Additionally, the

added complexity of these systems often brings

new issues to the table such as increased corro-

sion, additional parasitic power and increased

maintenance. Chemicals required in some sys-

tems pose potential environmental threats and

safety hazards that must be mitigated. The

expense of these systems continues to be an issue. 

Low-NOx burners
Low-NOx burners (LNBs) and ultralow NOx burners

(ULNBs) typically use some variant of staged combus-

tion, often in conjunction with FGR, for the purpose of

lowering NOx formation. In cases requiring more

modest NOx reduction, LNBs and UNLBs can operate

without FGR. LNBs are more expensive than the con-

ventional burners they replace and usually require a

larger operating footprint. This last point is significant

because to modify the burner floor or wall, the furnace

must be shut down and allowed to cool. For produc-

tion units, the downtime required to install UNLBs

greatly exceeds the cost of the burners. Additionally,

these systems tend to create less stiff flames that are

more prone to wandering and impingement than con-

ventional flames. Flame impingement on process or

boiler tubes represents a safety issue. In addition to the

potential for explosion and loss of life, flame impinge-

ment accelerates scaling, fouling or coking inside

boiler tubes, requiring increased maintenance and out-

age for tube replacement, descaling or decoking. LNBs

typically operate over a smaller ratio of maximum to

minimum firing rate (known as the turndown ratio).

Lower turndown ratios mean less flexibility in meeting

demand swings.

Distal flame architecture 
ClearSign’s DUPLEX Technology provides distal flame

architecture that is a different approach to combustion,

resulting in unprecedented NOx emissions reduction

and ultrashort flames. Because flame chemistry is fast,

flame length is generally determined by the time

required for fuel and air to mix (Figure 1), and the com-

bustion process can actually impede that mixing. 

Rather than simultaneously mixing and combusting as

traditional LNBs and UNLBs do, this new technology

operates by supplying a downstream combustion surface

(Figure 2) for combustion. The surface is located

beyond the burner’s mixing length, so the combustion

process can occur in inches (rather than feet) and is

usually confined to the dimensions of the porous

ceramic surface, eliminating the possibility of flame

impingement on surrounding tubes.

Because the combustion occurs in inches rather than

feet, the time for NOx formation is greatly reduced. The

technology’s surface also has a much higher emissivity

than the flame itself, resulting in better thermal effi-

ciency in the radiant section and lower combustion tem-

peratures—another contributing factor to sub-5-ppm

NOx (Figure 3).

Reduction in flame impingement can lower tube fail-

ure rates, enhance tube lifetimes, reduce the need for

decoking and reduce maintenance

tech
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FIGURE 3. The figure shows a conventional burner operating in the 100 ppm

NOx range. Subsequent operation on the DUPLEX surface shows a precipi-

tous drop in NOx emissions to a steady state of about 3 ppm. Final NOx emis-

sions are independent of starting NOx levels. DUPLEX Technology can be

retrofitted to systems using conventional burners, LNBs or ULNBs. (Source:

ClearSign Combustion Corp.)
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OIL FIELD

I
t’s time that the oil and gas industry caught up with
other global industries and automated its financial

supply chain. 
The oil and gas industry continues to harness new

technologies to drive E&P, including sophisticated
seismic modeling, data mining and even harnessing
Big Data to make E&P more efficient and increase
production. So why are oil and gas producers still
using paper invoices? 

When it comes to the financial supply chain, paper
processes and lack of a common financial ecosystem
continue to slow things down. Just as technology is help-
ing speed exploration and the development of new oil
and gas projects, e-procurement systems and e-invoicing
can eliminate the logjam of paper that prevents produc-
ers and suppliers from improving their cash flow and
getting a better handle on their financials.

Paperless workflow processes can streamline business.
Statistics show that by migrating to e-invoices, invoice
approval that previously took 10 days or longer was
being completed in hours. PayStream Advisors surveyed
companies about their experience and expectations
regarding e-invoices. According to the study, going
paperless offers real advantages:

• 53.6% said e-invoices mean fewer lost or missing
invoices;

• 50.7% want paperless processes to speed approval
cycles;

• 46.4% said paperless processes reduce processing costs;
• 44.9% said e-invoicing increases on-time payments; and
• 42% said paperless processes provide better visibility

into the transaction life cycle.
The PayStream Advisors study also highlights other

advantages to creating a paperless financial supply
chain, including improved vendor satisfaction (31.9%),
fewer supplier inquiries (31.9%) and reduction in
billing exceptions and discrepancies (21.7%). Most
importantly, using paperless financial processes lays the
foundation for automated transactions with suppliers.

Implementing a paperless supplier ecosystem can bene-
fit everyone in the value chain. E&P companies need three
primary elements for a frictionless financial supply chain.

Create paperless processes

The first step in streamlining financial data flow is to
eliminate paper so that data are available to drive
financial transactions. Many oil and gas companies are
still using paper processes to issue invoices and track
payments. These same companies are using manual
data entry to capture financial data in enterprise
resource planning (ERP) systems. Of course, manual
data entry can still be used to update internal financial
tracking systems, but this dispels most of the benefits of
paperless processes.

Consider the actual cost of doing manual data entry. If
a company pays an analyst $60,000 per year and it takes
that individual three days to process paper invoices,
then that’s three days of unnecessary manual labor cost.
If that analyst can manually process 400 invoices over
three days, the cost is $720 to process 400 invoices, or
$240/d. That averages out to an added cost of $1.80 per
invoice for manual invoice processing.

In this example, eliminating the paper and the manual
data entry could mean that invoices go out three days
sooner, and the company can use the time it has regained
more productively. If that company can start with paper-
less processes, so much the better, but chances are that it
will still have to deal with incoming paper invoices and
forms in the way of faxes and mailed invoices. 

Software and optical-character recognition technology
have become very sophisticated and can easily turn
paper into data. Intelligent capture systems can map
paper documents to structured data fields so that any
invoice or bill can be scanned and recorded in the ERP
system. Scanning paper documents is more efficient
than manual data entry, whether it’s done in-house or is
outsourced. More companies are simply bypassing paper
and uploading or emailing PDF documents or other
files for conversion into the ERP system.

Centralizing financial records in electronic form also
makes it easier to keep track of custom contracts, dis-
counts and payment terms. The system can be config-
ured to prioritize invoices and payments based on
criteria such as pending discounts, outstanding pur-
chase orders (POs), contract terms and other condi-
tions. The right software customized for the oil and gas
industry also can handle three-way PO matching, royalty

ItÕs past time to automate 
financial supply chain
Going paperless brings many benefits to oil and gas companies.

Richard Slack, Oildex 
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check stubs, run tickets,

joint interest billing (JIB)

and shared billing costs.

Automate workflow
To make the most of

paperless processes, com-

panies also have to

develop automated work-

flows that enable digital

transactions. Workflow

automation streamlines

the financial supply chain

and provides a more accu-

rate means of tracking

transactions. It also can

identify unnecessary steps.

In fact, one of Oildex’s

oil and gas customers

reports that by adopting a

paperless workflow it was able to reduce the time

required to generate supplier invoices from 30 days to

three days. It also was able to optimize the invoicing

workflow from 60 steps to only 12 steps. The result is

faster invoicing time with the ability to triple the invoic-

ing volume without adding staff or overhead and a faster

turnaround on payables to improve cash flow.

Automating financial workflows also can help resolve

supplier disputes. For example, consider the complexity

of the terms in a JIB or a joint operating agreement.

Costs incurred by the operator such as labor, mainte-

nance and repairs have to be billed back to the joint

venture partners. With paperless processing and an

automated workflow, all of those calculations are auto-

matic, so both indirect and direct costs are included in

the invoicing, including distributed revenue. The system

is transparent and free from manual errors and can be

readily audited.

Use online exchange
Once a company has a fully automated invoicing and

tracking system for financials, it needs to be able to share

electronic transactions with partners and suppliers. The

best way to streamline the supply chain is to automate

the end-to-end transaction process. A company can try to

set up individual secure connections or Web portals for

each vendor, but a smarter way is to use an online data

exchange as a common transaction platform.

For example, Oildex and Quorum Business Solutions

collaborated to launch the Gas Plant Data Exchange

(GPEX) earlier this year to allow natural gas processors

and producers to share gas plant statements more effi-

ciently. The processors publish gas plant statements, and

the producers subscribe to the relevant gas plant state-

ment data. The result is faster turnaround time with

greater data accuracy, fewer period adjustments and

greater visibility into transaction data. 

This subscription model can be extended to as many

processors and producers as want to participate. Every

GPEX member can exchange data with other GPEX

members. There is no internal information technology

setup or additional networking technology needed, and

providers can leverage their own private and hybrid net-

works. File format is never an issue because the exchange

handles file translation. Since the technology is cloud-

based, it is both secure and scalable to handle as many

participants and transactions as needed.

When considering the end-to-end benefits of automat-

ing the financial supply chain, it’s surprising that more oil

and gas producers aren’t working to eliminate the paper

logjam. Electronic workflow and market exchanges can

improve the speed of transactions and can simplify rev-

enue sharing. More importantly, an electronic workflow

can provide a comprehensive portrait of operations.

Reports and analytics can highlight problems anywhere in

the value chain.

Technology continues to give oil and gas producers a

competitive edge in new ways. Those companies that

learn to harness technology for financial processes as

well as E&P will have an even greater competitive advan-

tage because of the efficiency, flexibility and extensibility

it will bring to the financial supply chain. 

Midstream Processors

(Publishers)

Upstream Processors

(Subscribers)

Standardizing Gas Plant

Statements out of TIPS into

a GPEX format

GPEX was launched earlier this year to allow natural gas processors and producers to share gas

plant statements more efficiently. (Source: Oildex)
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Formation evaluation service resolves oil,
water and gas saturations 

Halliburton’s Wire-

line and Perforating

business introduced

the Reservoir Moni-

tor Tool 3-Detector

(RMT-3D) pulsed-

neutron tool that

helps resolve water,

oil and gas satura-

tions within reser-

voirs using three

independent meas-

urements (Sigma,

CO and SATG),

according to a

product announce-

ment. Relying on

only one or two

independent meas-

urements can reduce the accuracy of results, depending

on conditions in the formation and formation fluids. The

RMT-3D tool allows operators to calculate saturations

using different methods to acquire accurate results. The

data are collected with one trip in the hole, reducing non-

productive time and the potential for costly additional

trips, the company said. halliburton.com

Riser connectors are designed for water
depths up to 3,000 m
GE Oil & Gas is investing in the development of new

completion and workover riser connectors for the off-

shore market that will enable operators to save valuable

rig time during operations, the company said. GE Oil &

Gas awarded Subsea Riser Products Ltd. (SRP), an

Acteon company, a contract to develop and qualify

SRP’s Nimway 510 and Nimway 710 completion and

workover riser connectors, which are designed for water

depths up to 3,000 m (9,843 ft). Nimway is a new design

of high-capacity quick-makeup connectors. Reliable

metal sealing and dual-bore capability are two of the

connector’s system architecture benefits. GE Oil & Gas

has obtained rights to SRP’s 5¼ in. and 73∕8 in., 10,000-psi

connectors for at least two years with the option to

extend annually. SRP is putting the new connectors

through a qualification program, which will be com-

pleted by first-quarter 2016. The design and machining

work for the contract will be done in the U.K., with forg-

ings procured from Italy. The qualification testing work

will be completed primarily in Houston. geoilandgas.com

Particle counter monitors areas for testing 
or continuous data recording 

GrayWolf Sensing

Solutions intro-

duced the PC-4000

Particle/Mass Moni-

tor Plus, a portable

six-channel particle

counter that displays

and logs calculated

particle mass con-

centrations while

optionally displaying

and logging addi-

tional environmen-

tal conditions such

as temperature, rela-

tive humidity and

CO₂, according to a

press release. The

product can moni-

tor an environment

for short-term tem-

porary testing or

continuous long-

term data-recording.

It measures particles

sized from 0.3 µm to

25 µm with a flow rate of 2.83 liters/min. It displays six

size ranges simultaneously, with standard measure-

ments including 0.3 µm, 0.5 µm, 1 µm, 2.5 µm, 5 µm

and 10 µm. As a standalone instrument, the monitor

can be used as a portable tool or can be integrated into

a building automation system via standard RS 232,

optional RS 485 or wireless IEEE 802.11 b/g protocol.

In addition to the PC-4000 sensor readings, access flow

and sensor status, date of last calibration, serial num-

ber, laser on-time and date of manufacture for easy

maintenance and warranty management also are pro-

vided. wolfsense.com

Satellite-based remote-monitoring system
provides instant alerts
When oil wells are located in remote areas, it can take

days or weeks for operators to discover high or low tank

levels, pump malfunctions and compressor leaks. To

provide instant notification of these and other incidents

that cause costly downtime, Sensaphone developed the

SAT4D system, according to a press release. This satel-

lite-based monitoring system delivers immediate alerts

of changes in conditions at wells, refineries and storage
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The RMT-3D tool allows operators to cal-

culate saturations using different meth-

ods to acquire accurate results. 

(Source: Halliburton)

The PC-4000 Particle/Mass Monitor

Plus measures particle counts.

(Source: GrayWolf Sensing Solutions)
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facilities located in areas without a phone

line, Ethernet connection or cellular service.

The SAT4D system can monitor virtually any

critical condition 24/7, including tank floats,

pump status, security, power failure and

equipment malfunction. When an alarm

occurs, the system sends a notification to up

to eight telephone numbers or six email or

text messages. The SAT4D system is self-pow-

ered and can operate for more than three

years on its replaceable battery. GPS locator

technology pinpoints the location and status

of equipment being monitored. Each unit is

sealed in an enclosure to protect it from

harsh conditions. sensaphone.com

Software provides powerful, 
complete solution for surveying
Carlson Software recently released its Carlson Sur-

veyor2, the newest model in its Carlson Surveyor line of

data collectors, according to a press release. The Sur-

veyor2 is paired with the company’s software to provide

a solution for surveying, stakeout, construction layout

and geographic information system mapping. Designed

and manufactured by Juniper Systems, the Carlson Sur-

veyor2 is built to withstand the harshest conditions, with

an IP68 rating for dust and water. The technology is

durable when dropped or exposed to cold, heat or other

rugged environments. With minimal increases in weight,

the Surveyor2 offers greater memory and data storage, a

1-GHz processor, and a Bluetooth range of up to 457 m

(1,500 ft), the company said. The data collector also fea-

tures a QWERTY keyboard with large buttons for easy

data entry; enhanced battery power with 20-plus hours

of runtime; and a larger, brighter display. carlsonsw.com

Real-time monitoring software provides
overview of vessels infield 
C-Nav, a division of C&C Technologies, an Oceaneering

International Inc. company, designed an upgraded ver-

sion of its C-Scape software. C-Scape provides independ-

ent real-time monitoring of dynamic positioning (DP)

systems while simultaneously providing an operations

overview of other vessels infield and subsea infrastruc-

tures via multilayer AutoCAD files, the company said.

The software blends multiple sensor inputs for position

quality assurance and quality control and is suitable for

most DP vessels, including drilling rigs and ships. The

updated software includes enhanced control functions

for all C-Nav receivers, improved AutoCAD support and

advanced graphics capabilities. Enhancements such as

the SIMOPS feature add an additional safety layer to

operations, and the graphics display can be used with

manual controls in the unlikely event of total failure of

the DP system. The software requires minimal installa-

tion and operation training, and a simulator device is

available for crew training. cnav.com

New proppant reduces produced water
The Oilfield Technology Group of Hexion Inc. released

a resin-coated proppant technology for fracturing serv-

ice companies and operators, the company said in a

press release. AquaBond proppant, available in 20/40,

30/50 and 40/70 mesh sizes, is a next-generation resin-

coated sand. This proppant uses a resin chemistry that is

designed to reduce the production of formation water

while maintaining oil and gas production. This can

increase the profitability of the well by reducing waste-

water storage and disposal costs. hexion.com/oilfield

Casing connection provides design flexibility,
increased efficiency
The USS-Liberty TC casing connection is designed to

deliver flexibility while providing increased efficiency,

reduced costs and trouble-free operations, according to

U.S. Steel Tubular Products. The connection can be

applied to multiple applications, including high-pressure

hydraulic fracturing, horizontal and extended-reach wells

and service and is designed for challenging conditions.

The connections use threads and seals to connect individ-

ual joints of steel pipe to form a continuous casing string

for safe and effective exploration and transmission of oil

and gas. The connections are available in 4½-in. to 75∕8-in.

outside diameter sizes. usstubular.com
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C-Scape blends multiple sensor inputs for quality assurance and quality control.

(Source: C-Nav)
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M
alaysian national oil company (NOC) Petronas is

nearing the completion of its first pioneering float-

ing LNG (FLNG) unit, the PFLNG 1, facility, which is

due onstream by year-end. At the same time the NOC’s

second and larger unit—PFLNG 2—being done in part-

nership with Murphy Oil also is well underway in terms

of its construction program.

PFLNG 1 (also known as PFLNG Satu) will be moored

over the Kanowit gas field 180 km (112 miles) offshore

Sarawak, Malaysia, and has been designed to produce up

to 1.2 million tonnes per annum (mtpa) of LNG as part

of Phase 1 of the Kumang Cluster Development. Sched-

uled for commercial startup early in 2016, PFLNG 1 is

both on time and on budget—an impressive achievement

for a project that represents such a bold step forward in

terms of offshore technology development for its owner.

PFLNG 2, meanwhile, is destined to be commissioned

during 2018 and initially employed and centered on the

deepwater Rotan gas field in Murphy-operated Block H,

130 km (81 miles) offshore Sabah, Malaysia. It also is

planned to receive gas in later phases from at least four

other satellites in the block—Alum, Bemban, Buluh and

the recently revealed 5.7 Bcm (200 Bcf) Permai Field.

Murphy holds a 56% interest in Block H, with Petronas

owning the remaining stake. 

PFLNG 2 milestone
Petronas and Murphy recently ticked off a key milestone in

the latter project’s progress with the official steel cutting

Mark Thomas, Editor-in-Chief

Malaysia quiet leader 

of FLNG vanguard
The unfolding global story of FLNG is being spearheaded by the Southern 

Hemisphere. While most of the noise so far has been made by the operators of 

Australia’s megaprojects, it is Malaysia that has been quietly setting the pace.

REGIONAL REPORT:

MALAYSIA

The 132,000-tonne PFLNG 1 unit is at DSME’s yard in Okpo, South Korea. The vessel is due to leave for its field location by year-end and

begin commercial production in first-quarter 2016. (Source: DSME)
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taking place at the Samsung Heavy Industries (SHI) ship-

yard in Geoje Island, South Korea. SHI is responsible for

the engineering, procurement, construction, installation

and commissioning of the unit along with its consortium

partners JGC Corp. and JGC (Malaysia) Sdn. Bhd. 

The hull and topsides of the PFLNG 2, which has a

design capacity of 1.5 mtpa, will weigh 152,000 tonnes in

total. The facility, which will be operated by Petronas, is

expected to achieve a 10-year peak gas rate of approxi-

mately 5.9 MMcm/d (207 MMcf/d) gross, according to

partner Murphy.

In a prepared statement, Datuk Abdullah Karim, vice

president and venture director of LNG domestic proj-

ects for Petronas Refinery and Petrochemical Corp.,

said the NOC’s decision in January 2014 to make its

final investment decision on the PFLNG 2 project was

made with “the expectation for PFLNG 2 to embark on a

technology solution to monetize a wider range of

stranded gas fields when it is commissioned in 2018.”

Dual strategy
The company’s strategy for both FLNG units is simple: to

prove them initially on their first selected fields and then

move them around to exploit other remote stranded gas

fields in Malaysia’s domestic waters. Interestingly, it also

has indicated it will consider potentially leasing the FLNG

units to other companies to help them unlock their own

stranded gas resources, and not only within its own waters.

Once onstream, the two FLNG plants will raise Malaysia’s

total LNG production to an estimated 28.9 mtpa.

Much responsibility rests on the shoulders of the first

unit, therefore, and Petronas has been heavily involved

in essentially micromanaging the PFLNG 1 project so

that it stays on schedule and on budget and has exem-

plary safety performance. In March the operator

achieved 12 million man-hours without any lost time

injury since the project kicked off exactly three years

earlier at the Daewoo Shipbuilding & Marine Engineer-

ing (DSME) shipyard in Okpo, South Korea.

Earlier this year, Petronas achieved the milestone of 12 million man-hours with no lost time injuries since the PFLNG 1 project kicked off

at DSME’s yard at Okpo, South Korea, in March 2012. (Source: Petronas)

REGIONAL REPORT:

MALAYSIA
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Decade-long process
When the 365-m-long (1,198-ft-long) facility starts com-

mercial production in first-quarter 2016, it will be the

culmination of a process that started a decade earlier,

when the FLNG concept was first seriously considered

by Petronas. 

After initial conceptual studies starting in 2006 con-

firmed the technical and eco-

nomic viability of the proposed

solution to Petronas, an engineer-

ing, procurement, construction,

installation and commissioning

contract for PFLNG 1 was eventu-

ally awarded to the DSME-Technip

consortium in March 2012. The

consortium partners had previ-

ously carried out the FEED work

on the facility after being awarded

that contract in late 2010. Virtually

all the engineering and procure-

ment activities for the project have

been done in Malaysia.

The facility consists of 22 modu-

lar systems including gas treatment, liquefaction, storage

and offloading systems, with the liquefaction system to

convert the gas to liquid at a temperature of -162 C (-260

F), which reduces the volume of the gas 600 times. 

The FLNG vessel will be powered 100 MW of electricity

using natural gas as the source and will weigh in at

132,000 tonnes in total. Petronas said it also has been care-

ful to put in place a “more robust than usual” operational

system so it will need less frequent maintenance than what

is normally expected for an onshore plant—the company

already has eight existing onshore LNG trains.

Other innovations have included the use of nitrogen

as a refrigerant, which Technip said gives easier oper-

ability and which is a world-first for this capacity.

DSME, for its part, also recognized that due to the

large volume of work created by the PFLNG 1 project

(as well as several other large off-

shore projects it was working on

simultaneously), it was necessary to

fabricate more topsides modules

using subcontractors, including

DSME’s own subsidiary yards.

Big sister
The unit’s big sister, PFLNG 2, will

be sited on the Rotan Field offshore

Sabah. Discovered in early 2007,

this field lies in 1,150 m (3,773 ft)

of water and was the first find made

in the block. Operator Murphy has

since discovered seven fields within

the permit, with Rotan itself esti-

mated to hold recoverable reserves of around 26.9 Bcm

(950 Bcf) of gas.

The nonpropelled unit will, like its smaller sister, be

moored using an external turret and be designed to

operate for 20 years without drydocking. JGC is looking

after the engineering and procurement of the topside

LNG facilities, with Air Products supplying its propri-

etary AP-NTM LNG process technology and associated

equipment. In addition, GE Oil & Gas will supply two

REGIONAL REPORT:

MALAYSIA

PFLNG 1
Location: Kanowit gas field

Hull Size: 365 m (1,197.5 ft) in length by 60 m (197 ft) 

in width by 33 m (108 ft) in depth

Capacity: 1.2 mtpa

LNG Storage Capacity: 177,000 cu. m (6.3 MMcf)

LNG Offloading: Cryogenic marinized loading arm

FLNG Mooring: External turret mooring

Loading: Side by side

Water Depth: 70 m to 200 m (230 ft to 656 ft)

Design Life: 20 years

Inlet Design Pressure: 942.7 psi

Accommodation: 100 to 150 personnel

PFLNG 2
Location: Rotan gas field

Hull Size: 381 m (1,250 ft) in length by 64 m (210 ft) 

in width by 31 m (102 ft) in depth

Capacity: 1.5 mtpa

LNG Storage Capacity: 177,000 cu. m (6.3 MMcf)

LNG Offloading: Cryogenic marinized loading arm

FLNG Mooring: External turret mooring

Loading: Side by side

Water Depth: 500 m to 1,500 m (1,640 ft to 4,921 ft)

Design Life: 20 years

Inlet Design Pressure: 942.7 psi

Accommodation: 100 to 150 personnel

“PFLNG 2 will embark
on a technology 

solution to monetize 
a wider range of

stranded gas fields
when it is commis-

sioned in 2018.”
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nitrogen trains incorporating a pair of aeroderivative gas

turbines in mechanical drive mode to cool the gas to a

liquid state as well as four gas turbine generator systems. 

SHI, which is constructing the hull and modular facili-

ties, said that the keel-laying ceremony for the vessel at its

Geoje yard is currently on schedule for this December. The

hull is expected to be launched in April 2016, and integra-

tion works are planned to get underway by July 2016. The

American Bureau of Shipping will be providing classifica-

tion and statutory certification services for the vessel. 

Industry interest
According to Adnan Zainal Abidin, Petronas’ vice presi-

dent of global upstream LNG projects, even though the

first facility has not yet left the dock, it has been attract-

ing inquiries from multinational companies about the

possibility of chartering it. 

But the first priority, he said, is to prove the technol-

ogy successful by monetizing the gas from the Kanowit

and Rotan fields before embarking on any other com-

mercial ventures. “Our priority is to prove our worth,

and hopefully this will open doors for us. We have

already been approached by multinational companies to

use our floaters for one of their fields, but for us the

focus is to get this out of the shipyard and have it com-

missioned and run successfully. 

“Once we’ve done this, we can show the world this

thing is happening,” he added. “I have no doubt in my

mind this will lead to other commercial opportunities

beyond Malaysia.” 

REGIONAL REPORT:
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Cutting development expenditure is the upstream

industry’s dominant focus at present, and a new joint

industry project (JIP) led by DNV GL is aimed specifically

at helping Southeast Asian fabrication powerhouse South

Korea reduce project costs by up to 15%.

DNV GL said variations in owner, operator and regu-

latory requirements during engineering and construc-

tion phases at South Korean shipyards present a huge

challenge for operators and drive up costs.

The JIP with the country’s heavyweight players

Hyundai Heavy Industries, Daewoo Shipbuilding and

Marine Engineering, and Samsung Heavy Industries is

aimed at establishing a new international standard for

offshore oil and gas projects. DNV GL predicts that the

results through improved standardization could poten-

tially cut project costs by approximately $500 million on

a typical tension-leg platform project, for example.

Initial components focus
The JIP will initially focus on simple components and

equipment such as tertiary structures and bulk materi-

als for construction, piping, and electrical and instru-

mentation engineering. 

Next year the JIP will be extended to complete mod-

ules and equipment packages. The project will con-

sider industry standards, company standards, and

maritime rules and approaches for standardization as

all methodologies will be reviewed to ensure the most

effective and efficient means are applied.

The JIP is supported by the Korea Offshore and Ship-

building Association and the Korea Marine Equipment

Research Institute, and other oil companies and engi-

neering firms are welcome to further join the project.

Arthur Stoddart, DNV GL’s regional manager for

Korea and Japan, said in a press release confirming the

JIP’s launch that unfamiliar specifications and

processes were resulting in rework, delays and misun-

derstandings, adding thousands of engineering hours

to projects. “The implementation of a standardized

approach will be an opportunity to significantly reduce

the general cost level of offshore projects without com-

promising quality or safety,” he said.

15% potential savings
Stoddart added that the full cost of a TLP project is

“typically around $3.5 billion. Although the project

partners have not yet published estimates, we at DNV

GL expect to see savings in the region of $150 million

to $250 million for this type of project, which is up to

7% of the total project cost. The full standardization

potential is more than 15% of the project cost.”

Aside from improved standardization helping to

reduce design periods and minimize design changes,

JongBong Park, senior executive vice president and

COO of HHI’s offshore and engineering division, said in

the JIP launch release that other potential benefits

would include reduced material costs resulting from

lower material purchase, manufacturing and testing

expenses. A shortening of the material purchasing lead

time would be expected as more materials could be

held in stock. Surplus materials could also be used in

other construction projects, he added. n

South Korean JIP
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I
n the August issue of E&P we featured the Brent Field

in the North Sea, a venerable old field that is soon fac-

ing decommissioning. This month’s featured field, the

Daqing Field in China, still has a few years of life to go

thanks to a proactive EOR program. However, 2015 may

signal the beginning of the end.

An article in The Diplomat indicates that China’s oil

production is peaking. “This has profound implications

for the world oil market because China is not just a mas-

sive importer of crude,” the article stated. “It is also

among the world’s five largest oil producers, trailing

only the U.S., Russia and Saudi Arabia and virtually

neck-in-neck with Canada.”

But China is not immune to the low oil prices plagu-

ing the global industry, and aging fields like Daqing will

soon feel the pinch.

History and geology
The field was discovered in 1959 with the drilling of dis-

covery well Songji No. 3. The field was brought on pro-

duction that same year.

According to “A Barrel Full,” the source bed in the

Daqing Field is mostly Mesozoic Cretaceous sandstone

of continental facies buried 900 m to 1,200 m (2,953 ft

to 3,937 ft) below the surface. It lies at the heart of the

central depression in the northern Songliao Basin and is

the largest oil field in China as well as one of the few

supergiant sandstone reservoirs worldwide. It measures

138 km by 73 km (86 miles by 45 miles) and covers an

exploration area of 72 km by 104 km (44.7 miles by 65

miles) with 4,103.4 sq km (1,584.3 sq miles) of oil-bear-

ing area, according to oilchina.com.

Exploration began in 1955. Upon the field’s discovery, it

was named in honor of the 10th anniversary of National Day.

The field reached full production in 1963, producing 3

million tonnes per year (mtpy). By 1976 it was producing

game
CHANGER

Daqing a true game-changer for China 
Production has been cut, but this field helped reform a nation. 

Rhonda Duey, Executive Editor

The Daqing oil field is located in northeastern China.
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50 mtpy and maintained that production for the next

several years. According to several sources, this produc-

tion coincided with China’s development and reform.

The field has been instrumental in helping to develop

geological theories. According to PetroChina’s website,

these theories involve deep-layer complicated gas reser-

voir exploration, synclinal lithological exploration and

fault-basin oil and gas reservoirs.

In the abstract for “Geological and chemical condi-

tions for [the] formation of [a] large nonmarine oil

field,” author Yang Wanli noted that the formation of

the field is characterized by several aspects:

• A highly effective source rock;

• Reservoir rocks interbedded with source rocks;

• Oil generated and preserved in the southern part of

the field;

• Short-distance migration dominating in the north-

ern part of the field; and

• A lack of large-scale oil migration within the field.

EOR techniques
In 2004 the production target for Daqing was reduced

20%, according to an article on the Society of Petroleum

Engineers’ website. Since that time, new techniques have

been applied to maintain production at that lower level.

Chief among these techniques has been a polymer-

enhanced waterflooding system that is responsible for

25% of the field’s output.

“Nearly every sort of enhanced recovery method has

been tried at Daqing,” the article noted. “The list includes

polymers, polymers plus various combinations of alkali

and surfactants, colloidal dispersion gel and [CO2] flood-

ing. Even biological methods are being considered.”

Alkaline-surfactant polymer (ASP) has been particu-

larly helpful in the field, and Daqing is in fact the most

active test site in a global survey examining ASP projects.

More recent projects have ramped up the scale of ASP

EOR at Daqing, and experts expect ASP to provide at

least 60% ultimate recovery in the field. Currently the

operator is looking for a replacement for standard alkali

because of the issues it causes with maintenance and is

hoping to settle on a weaker alkali that reduces side

effects without hampering EOR.

A more solemn future
Oil fields can only produce for so long, however. China

National Petroleum Co. (CNPC) announced plans at

the end of 2014 to cut production in the field to make
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The Daqing Field has benefited in recent years from ASP EOR. 
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“structural adjustments,” according to a Global Times arti-
cle. The goal is to gradually trim the production target
from 40 mtpy to 32 mtpy by 2020.

The Diplomat noted that the operator’s significant
increase in drilling over the past few years has not been
able to offset the field’s decline. The company drilled
1,975 development wells in 2002. In 2014 it drilled 4,498
development wells. In spite of the large increase, pro-
duction dropped from 1,079 MMbbl/d of oil in 2002 to
792,000 bbl/d of oil in 2014. 

“In short, the number of development wells drilled
increased by nearly 250% while oil production fell by
roughly 27%,” the article noted. 

The decline will be felt on a global as well as regional
basis. The Diplomat article noted that Daqing accounts for
about one in every five barrels of oil produced in China.
While gas production has risen, Daqing is primarily an oil
field, and its decline spells difficulties for the surrounding
province of Heilongjiang. “There are concerns that the
lowered output will affect the lives of people in the sur-

rounding Daqing city and even Heilongjiang Province,
which relies heavily on the oil field in terms of fiscal rev-
enues,” the Global Times noted. The field accounted for
90% of the energy sector in the province, and preliminary
estimates predict that the province’s gross domestic prod-
uct will be reduced by $3.2 billion due to the production
cut. Already the province’s growth rate is among the low-
est in the country.

But perhaps it’s time for a change. Lower oil prices
reduce the need for frantic drilling schedules, allowing
CNPC “some time to make relevant deployments to
position itself into a relatively advantageous position
against the backdrop of the current supply-demand
dynamics in the global crude markets,” the Global Times

article noted. “A slower development pace gives CNPC
time to adjust and consolidate the ‘soft’ aspects that
affect oil production such as talent-building and adjust-
ing the operating method, which extends the oil field’s
potential to boost output when the oil price starts to
rise again.” 
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W
ith the goal of having the newest and most power-

ful seismic fleet in the industry, Dolphin Geophysi-

cal recently announced the launch of the Polar Empress,

giving the company six high-capacity 3-D vessels as well

as a 2-D vessel intended for Arctic exploration.

The vessel, currently at work on a multiclient survey in

the Barents Sea, is a purpose-built

vessel with the capacity to operate

up to 22 streamers, a total installed

engine capacity of 22,800 KW, a

bollard pull of more than 275 tons

and a top transit speed of more

than 20 knots. In its current survey,

the Maud Extension multiclient

survey, it is pulling 14 streamers.

The vessel will deliver ultrawide

tow, deep tow and long-offset con-

figurations, enabling it to under-

take exploration in frontier areas

that were previously considered off-

limits to exploration because of dif-

ficult sea states. It has been designed for speed, efficiency

and endurance. The exceptional bollard pull enables

safe and successful campaigns to be carried out in these

areas. It also reduces risk for Dolphin personnel since

the vessel can safely maneuver in rough conditions. 

The Empress is equipped with WesternGeco Q-Marine

streamers, providing single-sensor technology with wider

towing configurations. According to WesternGeco, the

Q-Marine point-receiver marine

seismic system decodes the reser-

voir and provides detailed, repeat-

able reservoir descriptions.

Q-Marine surveys have typically

resulted in a 35% improvement in

bandwidth and a 300% improve-

ment in repeatability.

Like its sisters, the Empress moved

from launch and sea trials to opera-

tional performance in two weeks.

Overall, the Dolphin fleet is

focused on a new vessel design with

advantages drawn from the expert-

ise of the company’s technical and

operations groups to deliver a package that will be able

to work in deepwater basins around the world. 
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High-capacity vessel 
launched in Barents Sea
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The vessel will 
undertake exploration

in frontier areas that
were previously 

considered off-limits 
to exploration.

The Polar Empress is designed to acquire high-quality data in rough sea

environments. (Source: Dolphin Geophysical)

Vessel Facts

Sector: Marine seismic

Owner: GC Rieber Shipping 
(on hire to Dolphin Geophysical)

Vessel Design: Purpose-built

Size (length): 112.6 m (369.4 ft)

Deadweight: 10,138 tons

Cruising Speed: 18 knots

Number of Streamers: 22

Operating Arena: Worldwide

Classification: DNV

Accommodation: 70 persons
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AFRICA

Bowleven hits hydrocarbons onshore Cameroon

Bowleven Oil & Gas’ Zingana exploration well has
encountered hydrocarbons in the Paleocene-aged (Ter-
tiary) reservoir onshore Cameroon, the company said.
The well is the first in the company’s two-well exploration
program in the Bomono permit area. The well, which was
drilled to a total depth of 1,720 m (5,643 ft), is being sus-
pended as planned to enable future reentry. The rig will
be moved to the Moambe well location, more than 2 km
(1 mile) east of Zingana. Moambe is a previously undrilled
Paleocene-aged (Tertiary) robust three-way dip closed
fault block. Bowleven said it intends to drill, log and evalu-
ate both wells prior to determining any testing plan.

Eni discovers gas in the Nile Delta

Eni discovered gas in the Nooros exploration prospect,
located in the Abu Madi West license in the Nile Delta
120 km (74 miles) northeast of Alexandria, Egypt, the
company said. Preliminary estimates of the discovery
account for a potential of 15 Bcm (530 Bcf) of gas in
place with upside, plus associated condensates. The
Nidoco NW2 Dir NFW well reached a total depth of
3,600 m (11,811 ft) and encountered a 60-m-thick (197-
ft-thick) gas-bearing sandstone interval of Messianian
age with excellent petrophysical properties similar to
other gas layers in the overlying Pliocene section. The
new discovery will be put into production in two
months’ time through a tie-in to the existing Abu Madi
gas treatment plant, located 25 km (15 miles) southeast,
the company said in late July. 

ASIA

Production kicks off at CNOOC’s Luda 10-1 project

The Luda 10-1 comprehensive adjustment project has
commenced production, field operator CNOOC Ltd.
said in a release. The Luda 10-1 independent oil field is
located in Liaodong Bay of Bohai with an average water
depth of about 30 m (98 ft). In addition to fully using
the existing facilities of Luda 10-1, this adjustment proj-
ect also has built one wellhead platform. There are 13
wells producing about 3,300 bbl/d of crude oil. The

project is expected to reach its designed peak produc-
tion of about 6,000 bbl/d of crude oil in 2016. 

AUSTRALIA

Woodside awards FEED contract to Wood Group

Wood Group has secured a new 12-month contract valued
at $6 million to carry out FEED work for the Woodside-
operated proposed Browse floating LNG development
offshore Western Australia, according to a news release.
Wood Group Kenny will perform all design engineering
for the insulated production flowline system required for
the asset’s offshore gas-condensate fields—Brecknock,
Calliance and Torosa—located 300 km (186 miles) from
the Kimberly coast. The focus of the Browse subsea flow-
line FEED work is to develop the engineering and design
of the rigid flowline system to assist the Browse joint-ven-
ture participants in making a final investment decision,
which Woodside is targeting in second-half 2016.

EUROPE

Statoil, Total make gas, condensate discovery in North Sea

Operator Statoil and its PL146/PL333 partner Total
E&P Norge have made a gas and condensate discovery
in the Julius prospect in the King Lear area of the North
Sea, according to Statoil. The discovery well 2/4-23S,
drilled by Maersk Gallant, proved gas and condensate in
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Statoil estimates the volumes in Julius to be between 15 MMbbl

and 75 MMbbl of recoverable oil equivalent. (Source: Statoil)
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the Ula Formation. Statoil estimates the volumes in
Julius to be between 15 MMbbl and 75 MMbbl of recov-
erable oil equivalent. 

Searcher completes seismic survey offshore Ireland

Searcher Seismic, in cooperation with MAGE, has com-
pleted the acquisition of the Echidna Regional Broad-
band 2-D seismic survey covering the Porcupine and
Slyne basins and the Goban Spur offshore Ireland,
Searcher said in a release. Made up of about 9,100 km
(5,654 miles) of high-quality, long-offset broadband 
2-D seismic data, the Echidna survey is the first truly
regional long-offset well-tie survey over the Irish Conti-
nental Shelf using modern processing and acquisition
techniques. Data are available for both time and depth
measurements, with fast-track prestack time-migration
data being processed in time for evaluation of the 2015
Atlantic Margin bid round closing in September. Final
data delivery is expected in March 2016. 

MIDDLE EAST

Frontier oil, gas area could emerge in Lebanon

A frontier oil and natural gas province is emerging in
Lebanon, according to findings from a NEOS GeoSolu-
tions study.  There were indicators of a hydrocarbon 
system in geoscience datasets that were interpreted,
NEOS President and CEO Jim Hollis said in a company
release. The neoBASIN study evaluated a 15,540-sq-km
(6,000-sq-mile) area in the onshore northern half of
Lebanon and in the transition zone along the Mediter-
ranean coast. Only seven wells have ever been drilled in

Lebanon. There is evidence of hydrocarbon-generating
source rock and oil seeps, large structural traps and
stacked plays in the area. Some of the structural traps
have resistivity anomalies. Hollis said that additional
data, including seismic data, need to be acquired for
the most promising structures to de-risk the opportu-
nity and secure capital.

Saudi Aramco starts CO2 tests in Ghawar Field

Saudi Aramco started injecting CO2 to try to boost extrac-
tion rates from the world’s biggest oil field as the company
steps up plans to recover more crude from its deposits,
Bloomberg reported. The company started injection and
will put 1 MMcm/d (40 MMcf/d) of CO2 into the Uth-
maniyah area south of the Ghawar Field. About 40% of
what’s injected will be stored in the field.

SOUTH AMERICA

BG Group starts up sixth FPSO vessel in Santos Basin

BG Group has started production from the Cidade de

Itaguaí FPSO vessel, the sixth unit to begin production
across the group’s discoveries in the Santos Basin, off-
shore Brazil, the company said. The FPSO vessel will pro-
duce from the Iracema North area of the Lula Field in
the Petrobras-operated Block Bm-S-11. Anchored 240 km
(149 miles) off the coast of Rio de Janeiro, the Cidade de

Itaguaí is about 2,220 m (7,283 ft) above the ocean floor.
This is the second leased FPSO vessel deployed on the
Iracema development and will double the gross produc-
tion capacity to 300 Mbbl/d of oil and 16 MMcm/d (565
MMcf/d) of natural gas from the area. The FPSO vessel
also will be able to store 1.6 MMbbl of oil.

Exxon’s find offshore Guyana might be worth 12 times

country’s GDP

An Exxon Mobil Corp. discovery off the coast of Guyana
might hold oil and natural gas worth 12 times the South
American nation’s GDP, Bloomberg stated. The Liza-1
well, which is estimated to hold more than 700 MMbbl
of oil, may begin pumping crude in as few as five years,
Guyana’s minister of governance said. The prospect
would be on par with a recent Exxon Mobil find at the
Hadrian Formation in the Gulf of Mexico and could be
worth about $40 billion at today’s international crude
price. Guyana produces no oil, and its GDP of $3.23 bil-
lion in 2014 ranked between Burundi and Swaziland,
according to the World Bank. Exxon Mobil, which has a
market value of $341 billion, has declined to provide an
estimate for Liza-1 since describing the discovery as “sig-
nificant” in a May 20 statement. 
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The acquisition of the Echidna 2-D seismic survey covering the

Porcupine and Slyne basins and the Goban Spur offshore Ireland

has been completed. (Source: Searcher Seismic)
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Akastor ASA has selected Kristian
Røkke as CEO.

Murat Özgül has been appointed

CEO of Genel Energy.

Devon Energy Corp. elected Dave
Hager president and CEO. 

QinetiQ appointed Jamie 
Pollard CEO of OptaSense. 

MDU Resources Group Inc. named

Martin A. Fritz president and CEO

of WBI Holdings Inc., the com-

pany’s pipeline and energy services

business. 

Penn Virginia Corp.’s H. Baird
Whitehead plans to retire as presi-

dent and CEO but will continue to

serve in these roles until a successor

is named.

Robert W. Ovitz was promoted to

COO at Rex Energy Corp.

CEO Robert “Bob” Vilyus
elected to retire from

Greene’s Energy Group

LLC and the board of directors in

September. Effective immediately,

Frank Mathews (left) assumes the

role of president and COO and will

be added to the board of directors. 

American Sands Energy Corp. named

Glenn McGinnis COO.

Senex selected Graham Yerbury as CFO.

Select Energy Services

LLC appointed Gary
Gillette as senior vice 

president and CFO. 

Omnitek Engineering Corp. selected

Richard L. Miller as CFO, succeeding

Alicia Rolfe, who elected to retire.

Prosafe Management AS appointed

Stig H. Christiansen CFO.

Khaled Kacem has been appointed

BG Egypt’s president.

Gerard de Reuver
(left) has elected

to step down as

president of DSM

Dyneema. He will be succeeded by

Golnar Motahari Pour (right). 

The minister of the Ministry of Mines,

Industry and Energy of Equatorial

Guinea appointed Jose Manuel Abaga
Mba as his chief of staff. Mercedes
Eworo Milam has been named director

of petroleum economics. The director

of industry will be Cesar Augusto Hine-
strosa Gomez. Jose Luis Elema
Borengue is now director of quarries

and retains his role as director of

mines. Oscar Vicente Garcia Berniko is

the new director of national content.

GEPetrol named Antonio Engonga
Oburu general director. Also promoted

were Vicente Abeso Mbuy as deputy

general director and Gabriel Mbaga
Nchama as second director.

Steven Langlinais joined Knight Oil

Tools as vice president of HSEQ.

TruStar Energy

selected Steve
Phillips (left) as

senior vice presi-

dent of sales and marketing. The

company also promoted Scott Edel-
bach (right) to general manager of

construction and service operations. 

Bill Abriel has been named SEG pres-

ident-elect for 2015 to 2016.

Lantana Energy Advisors

selected Patrick M. McKinney
as managing director. 

Swift Worldwide Resources hired

Michael Sanches as global sales manager. 

BMT Cordah named Andrew
Glass managing director.

Dr. Carl Hahn has been

named director of international sales

operations for Pentair’s Flow & Filtra-

tion Solutions segment.

Henkels & McCoy Inc.

appointed Ron Scott to

director of gas and indus-

trial services.

Anish Bhutani joined Solomon Asso-

ciates as an E&P analyst.

Seatronics Ltd. appointed

Joanne Keilloh as its HSEQ

coordinator in Aberdeen,

Scotland. 

CGG GeoSoftware added Rick Molli-
son to its PowerLog software develop-

ment team. 

IMES Group selected Colin
Cunningham to head up 

the new marine safety 

systems business as opera-

tions director. 

Murphy Oil Corp. named Kelly L.
Whitley vice president of investor

relations and communications,

assuming the role previously held

by Barry Jeffery, who has taken a

new role as vice president of insur-

ance, security and risk. 

MAST appointed Tony
Armour client development

and marketing director. 

UTEC Survey, an

Acteon company,

named Cory
Goodyear (left)

general manager in Houston, and

UTEC NCS Survey in Aberdeen pro-

moted Simon Goldsworthy (right) to

sales and marketing manager for its

Europe and Africa region. 
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Pirjo Jantunen has been elected chair

of the World Energy Council Future

Energy Leaders. 

Niyazi Kacira, Didier Pomerleau,

Mehmet F. Taner, Jeffrey S. Ackert

and Raymond Savoie were elected

directors of Altai Resources Inc.

John G. Sznewajs has been elected

to CMS Energy’s board of directors.

Newfield Exploration Co. selected

Roger B. Plank and James Kent Wells

to its board of directors.

Whiting Petroleum Corp. appointed

Carin S. Knickel to its board of 

directors.

Petroleum Industry Data Exchange

Inc. added Andrew Mercer and John

Tombari to its board of directors.

Gazprom elected Viktor Zubkov

chairman and Alexey Miller deputy

chairman of the board of directors.

Pioneer Natural Resources Co.

appointed Mona K. Sutphen and

Michael D. Wortley to its board of

directors.

COMPANIES

Total started up its lubricants oil-

blending plant in Singapore, with the

goal of accelerating growth in Asia. 

Hoover Container Solutions opened its

new service facility in Brazil. The wash

line facility allows Hoover to provide

expanded cleaning services while han-

dling all intermediate bulk containers,

ISO tanks and offshore equipment. 
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and Raymond Savoie were elected

directors of Altai Resources Inc.

John G. Sznewajs has been elected

to CMS Energy’s board of directors.

Newfield Exploration Co. selected

Roger B. Plank and James Kent Wells

to its board of directors.

Whiting Petroleum Corp. appointed

Carin S. Knickel to its board of 

directors.

Petroleum Industry Data Exchange

Inc. added Andrew Mercer and John

Tombari to its board of directors.

Gazprom elected Viktor Zubkov

chairman and Alexey Miller deputy

chairman of the board of directors.

Pioneer Natural Resources Co.

appointed Mona K. Sutphen and

Michael D. Wortley to its board of

directors.
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Total started up its lubricants oil-

blending plant in Singapore, with the

goal of accelerating growth in Asia. 

Hoover Container Solutions opened its

new service facility in Brazil. The wash
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ISO tanks and offshore equipment. 
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I
t seems difficult now to imagine that during the 2014
CERA Week in Houston, the biggest concern was that,

with E&P costs growing, $100/bbl oil was the breakeven
point for new field development projects. Today oil is half
that price. But we still need to deliver the 90 MMbbl/d of
oil and the 10 MMcm (350 MMcf) of gas needed by the
7.2 billion people on our planet. And we need to do it
more safely, economically, efficiently and sustainably.

We can no longer compete—or, in some cases even
survive—doing business as usual. The time for incre-
mental change is past. We need something disruptive—a
totally new way of looking at problems and developing
and executing commercial solutions. 

Innovation is the process by which an idea or inven-
tion is translated into a marketable good or service. For
our industry, that means it must improve reliability and
efficiency, optimize production and increase ultimate
recovery. It also must be tied to customer needs, be eco-
nomically sound and be built on viable technology. This
type of innovation cannot take place in a vacuum—or a
single laboratory. It requires working across multiple dis-
ciplines, multiple companies, multiple geographies and
cultures, and multiple industries. And it requires open-
ness to diverse ideas, thoughts and methods.

The only way we can achieve these changes is to work
together seamlessly. Through collaboration we can
implement change more rapidly and effectively, and we
can shorten the cycle time for acceptance of new tech-
nologies and methods. 

Ideas that spawn innovation can change the game
across the board, from exploration to abandonment.
They can come from anywhere, from aerospace to medi-
cine to academia. They just need to be fit-for-purpose.

Neither seismic nor information technology origi-
nated in the oil and gas industry, but through inter-
industry collaboration, our industry became a huge
consumer—and innovator—of both. The same is true of
Big Data and the Internet of Things. Collaboration with
consortia, universities and labs has led to the develop-
ment and commercialization of geological modeling
and reservoir simulation software that delivers more
accurate models and guided workflows faster from

“lighter” applications that consume less server space.
Collaborating on Big Data analytics and the Internet of
Things is driving innovation in real-time operations to
reduce complexity and optimize drilling performance,
production management and well control.

The same is true of materials science, including nan-
otechnology. Our industry relies heavily on academia for
understanding and technology development. The devel-
opment, characterization, modeling and simulation of
fluid systems, metallurgy and sealing materials that can
reliably withstand increasingly harsh downhole environ-
ments are examples of ongoing research that will
remain a strategic priority, gaining commercial impor-
tance as conventional energy resources are consumed.
Our industry must lead the development of new ultra-
high-performance metal alloys, sealing materials and sys-
tems to meet the world’s future demand for energy
while continuously improving reliability and efficiency
of oil and gas recovery from less demanding environ-
ments. Both of these tasks require the sustained ability
for industry leaders, engineers, scientists and academi-
cians to collaborate to innovate unceasingly. 

Change is difficult to accept. Can we establish a cul-
ture within our industry to embrace new ways of work-
ing together? 

Houston’s “Pumps & Pipes” is an idea and technology
exchange program that leverages the local brain trusts
in oil and gas, medicine and aerospace to encourage
innovation among all three industries. Similar programs
are springing up throughout the world.

Our industry faces more complex challenges now
than at any time in our history. Looking forward, a few
critical factors will make or break our endeavors.

• Technology we don’t know about yet;
• On-time delivery of critical equipment;
• Trained, certified and competent people—not only

in disciplines and product lines but also in cultures
of safety, certification and compliance; and

• Collaboration.
Innovation drove the production successes that led

to the current market situation. Innovation also will
pull us out of this situation stronger than before.
Given the unknowns ahead, it makes sense for us to
team up, apply our own respective strengths and cross
frontiers together. 

last
WORD

Rustom Mody, Baker Hughes

Collaborate to innovate
Teaming up is the new competitive advantage.
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