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Floater oversupply lingers as down-
turn continues
By Velda Addison, Senior Editor, Digital 

News Group

There are 278 fl oaters worldwide ready to 

work, and 74%—or 207—of these are con-

tracted; however, contracts for 78 fl oaters 

will end between now and year-end 2016, 

Barclays said.

In ‘wait-and-watch’ mode: OPEC 
leaves output ceiling at current level
By Velda Addison, Senior Editor, Digital 

News Group

The move, or lack thereof, could mean 

continued pressure on oil prices—at least for 

fi rst-half 2016, analysts say. 

Analyst: 2016 will be wasted, but 
offshore has hope for the future
By Erin Pedigo, Hart Energy

In the closing keynote at the recent 

Offshore Executive Conference, 

James Wicklund of Credit Suisse said 

2016 will be the fi rst time since the 

1980s that capex is down two years 

in a row.

Discovery at Zohr prospect in Egypt could have 849 Bcm
An offshore Egypt gas discovery could hold up to 849 Bcm (30 Tcf) of 

lean gas, one of the largest discoveries in the Mediterranean Sea.

New seismic survey planned in Perth Basin
UIL Energy is planning to conduct up to 264 sq km (102 sq miles) of seismic 

surveying in Western Australia’s Perth Basin. The survey area includes permit 

areas EP447, EP488 and EP489 and will upgrade data on nine convention-

al prospects.

Faroe prospect testing shows up to 31 MMboe recover-
able reserves
Faroe Petroleum Plc’s oil discovery in the main bore of exploration well 

#1-Boomerang encountered a 26-m (85-ft) gross Upper Jurassic intra-

Spekk/Rogn sandstone with good reservoir properties and moveable oil 

with initial estimates of recoverable reserves between 13 MMboe and 

31 MMboe.

Proppant tracking technology could lead to pro-
duction growth 
By Velda Addison, Senior Editor, Digital News Group

Technology advances have continued to lead to pro-

duction and effi ciency gains in recent years for Range 

Resources. The company is now working with a Texas 

university on a new logging tool to be built by Gearhart.
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Industry on one heck of 
a ride
Living fast and wild when you’re young sure has 
its attractions. But wild living eventually has to give 
ground to a more stable long-term lifestyle.

T
he above analogy arose during Hart Energy’s Offshore Executive Conference 
in Houston, which I was honored to host. It focused largely on the current 

state of the Gulf of Mexico, and there were regular comparisons with its young 
upstart North American unconventional cousin.

James K. Wicklund, managing director, research at Credit Suisse, iterated how 
the industry is now experiencing an economic curve akin to “skating along the 
bottom of the bathtub.” His reasons are sound:

• Oil production from nine of the world’s largest producers rose a combined 
8% in the frst nine months of 2015 to more than 10 MMbbl/d;

• OPEC production is up more than 1 MMbbl in the last year;
• Iran thinks it can raise oil production by 800,000 bbl/d;
• Russia is producing full out (with a devalued rouble helping out);
• The North Sea will see its frst production growth in 15 years;
• Brent was $115 for 3.5 years, with that reinvestment slowing decline; and
• The U.S. grew oil production in 2014 by 1.3 MMbbl/d.
Taking the bathtub profle further, Wicklund said that when the industry 

fnally starts to climb back up—which it will—it will be led by onshore drilling. 
This is due to onshore’s “immediate gratifcation,” as he described it—fast, 

fun, with a “gold rush” mentality, lots of opportunities, driven by a faster cash 
return cycle, diverse activity base, and the ease of logistics and infrastructure. 
“It’s what everyone is focusing on,” he said.

Offshore, meanwhile, with its queue of delayed and deferred projects and 
spending as well as longer cycle times and logistics, also will recover—but later.

Wicklund’s point is that the U.S. has become the world’s swing producer. 
The reality is that while the global oil markets might and likely will come closer 
into balance in 2016, that doesn’t necessarily mean a sudden spike in prices or 
activity. “We are the swing producer now, and that means if the world is over-
supplied, we take the hit, and if the world is undersupplied, we rev up the U.S. 
shale machine to provide the balance.”

This changes the very role that the oil price plays in the market—a remark-
able state of affairs.

“The ‘collateral damage’ to global conventional production accelerates its 
decline and increases the call on U.S. shale over time. It forces a change in 
behavior across the industry as it adjusts to the new and likely lower role of the 
oil price,” he said.

Like he told our audience, “2015 has been a heck of a ride.” So 
hold onto your hats in 2016. 
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John Sabey, ProSep 

T
he residents of Beverly Hills have been responsible 

for more than their fair share of eccentric behaviors 

over the years. But the current trend—painting parched 

lawns a shade of vibrant green—refects a serious prob-

lem as celebrities and other owners of beautifully land-

scaped but decidedly patchy-looking backyards attempt 

to disguise the impact of California’s record-breaking 

drought. People caught with suspiciously natural-look-

ing grass have been the subject of online fame wars for 

wasting water—drought shaming has spread throughout 

the state. 

About to enter its fourth year, the drought has 

resulted in stringent controls on water usage. Gov. Jerry 

Brown has imposed unprecedented measures to cut 

water use by 25% across the state. Farmers in the delta 

of the Sacramento and San Joaquin rivers have volun-

teered extra reductions but have failed to stave off fur-

ther mandatory cuts. 

However, as California’s agriculture sector struggles to 

reduce its water consumption—estimated to be 80% of 

the state’s total—eyes are turning to California’s other 

big producer: oil and gas. 

California is not only the biggest producer of fruits, 

nuts and vegetables in the U.S.; it is also the country’s 

third largest producer of oil—extracting roughly 200 

MMbbl/year of oil. The rock formations that bear oil in 

the region also harbor large volumes of brackish saltwa-

ter. The ratio of water to oil produced by operators in 

the region is, on average, 10:1.

Kern River
As Chevron recently explained, its Kern River oil feld 

neatly illustrates the situation. Kern River is the second 

highest producing oil feld in the state, but for every 

barrel of oil it also produces about nine 

barrels of water. Almost 25% of this water is 

treated to remove solids and free, dispersed 

and dissolved hydrocarbons before being used 

in EOR applications. Because the Kern River 

Field tends to produce heavy oil, steam food-

ing is used to reduce the crude viscosity (or 

liquefy it) and boost production. 

In the case of the Kern River oil feld, that 

leaves 75% of the produced water that is not 

required for further oil extraction. That is at 

the lower end of the range for oil producers in 

California, who often have to dispose of or fnd 

ways of reusing up to 99% of their produced 

water. This, coupled with recent discussions by 

state offcials regarding the closure of nearly 

100 disposal wells, will push the reuse of this 

produced water even further.

Naturally, that water still needs to be treated, 

and until now there has been little economic 

incentive for operators and farmers to get 

together and work out a deal for this treated 

water. Historically, reinjection has been cheaper than 

reuse given the treatment that is required even for agri-

cultural purposes. 

But that fnancial equation has not taken into account 

a record-breaking drought, nor does it allow for the 

precipitous drop in oil prices, which has hit the bottom 

line of the state’s producers hard. On the one hand, 

farmers need water to maintain healthy production of 

essential crops. On the other, oil producers are looking 

Water, water everywhere
California’s oil and gas sector can provide a partial solution to its water problems. 

Induced gas fotation and hydrocyclone units are effective in the removal of 

bulk oil solids from produced water. (Source: ProSep)

http://EPmag.com


http://archerwell.com/qa


January 2016   |   EPmag.com10

for innovative and cost-effective solutions to boost their 

margins. For the most part, these solutions look at how 

best to optimize output from existing wells or minimize 

production costs. 

But technological advances mean that there are now 

solutions available that make it possible to treat produced 

water on a much more cost-effective basis. Not only does 

this reduce the opex associated with fnding new fresh- 

water or disposing of produced water safely and compli-

antly; it also could provide oil producers with a new asset to 

offer to market: water that is ft for agricultural purposes. 

The numbers add up. Farmers typically buy freshwater at 

about 25 cents/bbl. Even taking into account a lower cost 

for recycled water—say, 18 cents/bbl—it is now possible to 

perform the necessary processing for less than this amount 

for signifcant quantities of produced water, if not all of it. 

Even considering initial capital costs, when the difference 

is factored up by several million barrels a day, the results 

can be signifcant both for the operators and farmers.

Treatment requirements
So what treatment is required in California? Standards for 

agricultural use are less stringent, for many components, 

than for potable water. The Chevron Kern River project, 

for example, had to operate to the following specifcations:

• Flow: 33.5 MMgal/d (daily maximum);

• Boron: 1.3 MMgal/l (annual average);

• Chloride: 200 MMgal/l (annual average);

• Electrical conductivity: 940 µhos/cm (annual average);

• Oil and grease: 35 MMgal/l (daily maximum); and

• Sodium: 142 MMgal/l (annual average).

Most remaining solids and hydrocarbons need to be 

eliminated, while suspended and dissolved components 

such as potassium chloride and sodium chloride need 

to be down to the two- or three-parts-per-million range. 

Certain state-regulated components also will need to be 

removed, including iron, chromium nickel and boron.

Traditional produced water technologies have a major 

role to play. Corrugated plate interceptors, induced gas 

fotation units, nutshell flters and polishing flters to cap-

ture any residual solids, create a fairly standard method for 

treating water to Californian state regulations for reinjec-

tion. For agricultural use, however, additional treatment 

is required, typically reverse osmosis, ion exchange or a 

combination of the two. Ultrafltration also can remove 

enough particulate to get the level of total suspended sol-

ids to an acceptable limit. In some cases with high levels of 

dissolved solids, evaporation also may be needed.

For example, ProSep has provided preliminary FEED 

concepts for several California reuse applications. Many 

of these require the oil and solids to be removed, fol-

lowed by specifc contaminant removal treatment, to 

achieve the standards required for agricultural use. The 

design and operation of these systems is fairly simple 

and inexpensive.  

However, in another application, after removing 

the oil and solid contaminants, the total dissolved 

solids levels were elevated to a point where the water 

had to be evaporated and condensed to meet the 

required standards. In this case there was a require-

ment for additional treatment to remove heavy 

metals and/or potentially toxic contaminants. The 

resultant solution is naturally more complex and 

costly to operate and maintain. 

Due to the large volumes of associated produced 

water generated by E&P operations, there exists a 

readily available source of water to alleviate some 

of California’s water woes. But as illustrated in the 

examples above, additional treatment and monitoring 

will be required; in some cases this is easily achieved, 

while in other applications, considerable expertise and 

resources are required to achieve a usable product.

These primary and secondary separation treatment 

technologies already are widely applied in oil and gas 

and other industries. They can be customized and 

packaged to provide a complete solution for each oper-

ating feld. Additional tertiary treatment technologies 

can be incorporated to meet near-zero discharge limits 

as needed. 

It is not often that the oil and gas sector gets the 

chance to present itself as an environmental steward. 

But as California’s agriculture sector is starting to con-

sider the possibilities offered by this previously unused 

water source, the opportunity is there to be seized.  

industry
PULSE

The pairing of induced gas fotation with a skimmer unit pro-

vided effcient removal of solids from produced water. (Source: 

ProSep)
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Mark Thomas, Editor-in-Chief

T
here was realism aplenty at Hart Energy’s second annual 
Gulf of Mexico (GoM)-focused Offshore Executive Con-

ference. While much of the focus was on how to get those 
reserves out of the ground as economically as possible, per-
colating throughout the event was a clear recognition of the 
upstream industry’s current plight.

Any gathering of the GoM’s great and the good is bound 
to produce the full gamut of views, especially on the pro-
posed best path that the industry should take on the road 
to recovery. With the vast majority of the audience con-
sisting of individuals who have experienced two or three 
similar downcycles, their hard-earned views have been 
based largely on actual experience rather than something 
learned in a classroom.

A case in point was the event’s keynote speaker, Noble 
Energy’s CEO Dave Stover, who came out fi ghting with an 
upbeat assessment of the current situation. Stover stressed 
that the key for Noble in the U.S. Gulf has been mainte-
nance of a high exploration success rate, having compet-
itive economics and an inventory that contains “a prize 
worth chasing.” 

Resource visibility
Dire market conditions might have caused some to halt 
investment offshore, especially given the strong shale pres-
ence onshore. But according to Stover, “the resource visibil-
ity has probably never been greater.” 

Technology improvements that paved the way for deeper 
drilling and seismic advances have given improved visibil-
ity to the region’s resource potential, he said. “We see an 
opportunity this year to get into some low-cost entry posi-
tions on things that probably wouldn’t have been available 
in other years,” he said.

Developments offshore might have taken a backseat to 
headline-grabbing onshore unconventional plays in the U.S. 
But the resurrection of the GoM quietly continues due in 
part to the region’s low aboveground risk, favorable fi scal 

terms and low breakevens. Investment research by Gold-
man Sachs of the top 420 oil projects worldwide revealed 
the breakeven for the GoM was as low as $40/bbl (as of 
May 2015).

“One of the keys that has continued to drive our involve-
ment has been our track record of success and our explo-
ration and discovery rate,” Stover said. “We’re bringing on 
about 20,000 bbl/d net in new projects. It’s going to give us 
great momentum as we end this year [2015] and into next.”

Shorter cycle times
Since entering the U.S. Gulf in 1968, Noble has grown its 
portfolio to 524,000 acres, now holding about 42 MMboe 
in proved reserves as of year-end 2014. Its eight produc-
ing fi elds fl owed more than 18,000 boe/d in 2014, but 
that recently increased when production—mostly oil—
started at its operated Big Bend and Dantzler deepwater 
projects in late 2015. Stover highlighted the projects’ 
short cycle times and prolifi c rates as examples of how 
offshore projects can compete economically with uncon-
ventional plays.

world
VIEW

Leading role emerges for GoM on 
world stage 
The GoM’s remaining resource potential on the U.S. side of the maritime border is substantial 

and already largely proven. But this region has a leading role to play in demonstrating how 

to operate commercially during one of the industry’s deepest downturns. 

Noble Energy’s operated Rio Grande development in the U.S. Gulf 

saw its Big Bend and Dantzler deepwater discoveries developed 

and come onstream in 2015 via subsea tiebacks to the Thunder 

Hawk fl oating production facility. (Source: SBM Offshore)
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The two fi elds in the Mississippi Canyon area, both tie-

backs to the Thunder Hawk platform, are expected to add 

more than 40,000 boe/d, half of which is net to Noble. Big 

Bend went from discovery to production within three years, 

while Dantzler was quicker, in just two years. 

“That’s how you compete economically,” Stover said. “You 

can still have very good margins in the Gulf compared to 

some other areas. The resource prize has to be there. There 

has to be a prize worth going for.”

Deepwater success rate of 55%
According to Stover, the 10-year deepwater commercial 

success rate for the industry is 20%, while Noble’s is 55%. 

In 2016 the company’s focus will be on exploration and 

appraisal in the GoM, he added. “We’ll hit the ground 

running at the beginning of the year on a new exploration 

well, followed by our Katmai appraisal well later in the 

year,” he said. 

Noble also hopes to have operations at its Gunfl int discov-

ery, also in the Mississippi Canyon area, up and running by 

mid-2016. The subsalt Miocene fi nd also will be a subsea tie-

back to the Gulfstar One facility. So far, the second develop-

ment well has been sidetracked, and completion operations 

along with the installation of pipelines and subsea installa-

tions have begun.

Stover also said that opportunities for the industry gen-

erally in the GoM are represented by areas such as further 

advances in 20,000-psi technology to drill deeper wells in 

HP/HT reservoirs, the potential use of HIPPS (high-in-

tegrity pressure protection systems), which are prevalent 

globally but not in the U.S. Gulf, and—of course—stan-

dardization as a path toward reduced costs, cycle times and 

project delays. 

Challenges it also faces, he added, include post-Macondo 

regulations, which need more proactive engagement with 

regulators, and the highly competitive environment in what 

is a mature basin. 

2016 ‘in the trash can’
Another speaker, James K. Wicklund, managing director 

of Credit Suisse and oilfi eld services analyst, stated bluntly 

that 2016 “is already in the trash can. It’s going to be a ter-

rible year” for oil and gas production, specifi cally offshore.

He pointed out that 2016 will be the fi rst time since the 

1980s that capex would be down two years in a row, and 

he could “only hope” that it does not extend into 2017 

and 2018 for the offshore sector.

He likened the economic curve as being akin to a bath-

tub, with the industry currently sliding along the bottom. 

When it fi nally makes its way back up, offshore drilling 

will recover fi nancially only after onshore 

drilling. Wicklund said onshore will recover 

before offshore due to its faster cash-return 

cycle, diverse activity base, and ease of 

logistics and infrastructure. Offshore will 

recover later because majors are currently 

delaying projects and spending and have a 

slower decision and logistics cycle. 

But costs will come down, and returns 

will improve. “Deep water is the future, with 

lots of assets already identifi ed and where 

the long-term, steady, stable future lies,” 

he said.

Those who claim they already know 

where the bottom of the market is going to 

be are being a little hubristic, he said, but 

added that the hope is that it will be bal-

anced by 2017.

W&T Offshore’s CEO Tracy  Krohn 

noted that, in the end, it is the operators 

who drive down costs because they are the 

ones who sanction projects or delay them. 

“You have to ask for that and speak louder,” 

he said. “It’s a simple formula: Oil and gas 

have dropped by 50%, so costs have to drop 

by 50%.” 

Offshore can compete with onshore in terms of development cycle times—Noble’s 

Big Bend went from discovery to fi rst production in less than three years, while Dant-

zler went from discovery to fi rst oil in two years. Both fi elds in the Mississippi Canyon 

area will add more than 40,000 boe/d of throughput. (Source: Noble Energy)
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Richard Mason, Chief Technical Director

A
s winter blows in, operators in the Bakken Shale 
are reducing drilling levels, cutting back on well 

completions and seeking cost reductions in downhole 
stimulation by cutting proppant loading.

Indeed, the frost is on the pumpkin in North Dakota. 
Horizontal rig count was down to 62 units in Novem-
ber 2015, a 71% drop from the May 2012 peak. There 
were more than 190 units drilling horizontally one year 
ago. When compared to all other U.S. unconventional 
markets, the Bakken has witnessed the greatest per-
centage decline in activity. Numerically, only the Perm-
ian Basin has seen a greater 
drop in active horizontal 
rigs in the last year, with 174 
units laying down vs. 135 in 
the Bakken. 

Drilling contractors told 
Hart Energy that regional 
feet utilization is down 
to 40% compared to 66% 
during summer 2015. Con-
tractors are coming to terms 
with the severity of the 
downturn, and a majority 
don’t expect demand for drilling services to improve 
until 2017. 

Day rates continue to erode and were averaging 
$18,000 in November 2015 for a 1,500-hp AC-VFD drill-
ing unit. Long-term contracts support some remaining 
drilling activity. However, rig rates quickly drop to spot 
market when contracts expire or rigs stack out. 

“Our 1,500s are going in the $18,000 range, but 
recently we offered a rig at $15,000 and it didn’t get 
picked up,” a mid-tier contractor told Hart Energy sur-
veyors. “It doesn’t matter what the rate is; it only mat-
ters if there is demand.”

Outside the core Bakken Shale, operators do not 
appear to be interested in a rig at any price since that 
section of the play is not economic in the current com-
modity price environment. 

After a brief gain in reducing the inventory of wells 
drilled but uncompleted in summer 2015, operators 

once again slowed completion rates, and the “fracklog” 
backlog has now climbed above 1,000 wells. 

Meanwhile, the percentage of zipper fracks, which 
serves as an analog for batch completions, dropped 
to 43% in mid-November 2015 from more than 60% 
in August, according to service providers participat-
ing in Hart Energy’s market intelligence surveys. In 
other words, more than half of completions are for 
single wells only despite the fact several laterals are 
drilled from the same pad.

Regional well stimulation effective capacity has 
fallen below 500,000 in hydraulic horsepower, or 
about half what it was at the beginning of 2015. Ser-
vice providers indicate only 12 to 15 fleets are active 

in the play. Several well stimula-
tion firms have left the region, 
and the sector is characterized 
by a large number of idled and 
underutilized units.

Otherwise, little has changed 
in the completions market. 
The focus remains slickwater 
fracks and plug and perf with 
high proppant loading and 
30 to 40 stages per 3,048-m 
(10,000-ft) lateral. Proppant 
use fell from 6 million pounds 

per lateral in August 2015 to 5 million pounds in 
November as operators seek further cost reduc-
tions. The average price per stage fell to $30,300 vs. 
$37,000 in August 2015.

There is little holiday cheer for the workover mar-
ket, where demand continues to erode. Contractors 
are scrambling for market share by cutting hourly 
rates as a price war unfolds between the smaller mom 
and pops and the larger regional or national service 
providers. Contractors in all categories are slashing 
employee pay and bundling more services into the 
hourly rate. Routine maintenance accounted for 89% 
of Bakken workover job mix in mid-November 2015 
as operators do only what is necessary to keep produc-
tion fowing in a low commodity price environment. 

Few service providers see a pickup in regional activ-
ity among any service line until sustained pricing for 
oil climbs back to $60. 
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Backing down in the Bakken
Operators cut drilling, completions and proppant loading to cope in a sub-$50 oil market.

n Sand use per well drops in 
the Bakken

n  Zipper fracks fall below 
45% as backlog of drilled 
but uncompleted wells tops 
1,000

n Drilling activity down 71% 
from peak
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C
onsortia between industry and academia are not a 

rare phenomenon. Typically they are mutually bene-

fi cial—students get exposure to real-world problems, and 

oil companies get access to bright young minds.

One such consortium that is dear to my heart is the 

Reservoir Characterization Project (RCP) at the Colorado 

School of Mines, which just celebrated its 30th anniversary 

in November 2015. I’ve served on RCP’s advisory council 

for the last 10 years and have been impressed with the cali-

ber of the students, faculty and sponsors involved.

Founded by Tom Davis, a geophysics professor at the 

school, RCP was formed to study 

the thorny problem of fractured 

reservoirs. Prior to going to Mines, 

Davis had worked for an oil com-

pany and had learned fi rst-hand 

how inscrutable these reservoirs 

could be.

“A lot of very infl uential folks 

were saying, ‘We don’t really under-

stand what drives these fractured 

reservoirs,’” Davis said. “And the 

only tool we have for sensing them 

is seismic.” 

RCP is somewhat unlike other 

consortia in that oil companies 

bring their problem fi elds to the 

group in hopes that their project will be chosen as one of 

the phases. Sponsors vote on which fi eld seems most in 

need of help. 

Once a fi eld is chosen, a small seismic survey will be 

shot to expose the students to geophysical acquisition. Stu-

dents are assigned to evaluate this dataset along with other 

available data from the fi eld, and they’re expected to work 

together as an integrated team. They present their fi nd-

ings in front of the sponsors twice a year.

It’s the integration aspect that stands out for many. RCP 

contains graduate students not just in geophysics but also 

in geology, reservoir engineering and sometimes petro-

physics. They build on each other’s fi ndings as well as 

conducting their own research. 

Over the years the project has analyzed a host of chal-

lenging fi elds, starting with the Silo Field in Wyoming. 

Currently students are analyzing the Wattenberg Field in 

Colorado as well as the Vaca Muerta Shale in Argentina, 

the Montney Shale in Canada and 

a deep gas project in Kuwait.

Students also get a sense of the 

economic realities their research 

enables. “It’s about fractured 

reservoirs and understanding 

them more fully, but you’ve got to 

transfer that into value,” Davis said. 

“Value comes in an economic con-

text—can you make money out of 

this? We’ve been able to do that.”

Despite the downturn and the 

perception that there are too few 

students interested in a career in 

the industry, RCP never lacks for 

students. Davis said he looks for a 

particular type of student.

“I look for students who are self-motivated, drivers, ones 

that want to be leaders,” he said. “They’re not always the 

ones with the 4.0 GPAs. I look at the quality of the students, 

look them in the eye and say, ‘Are you willing to work?’ The 

work ethic is the most important thing.”

The 30th anniversary of RCP coincides with Davis’ last 

year of teaching; he plans to retire at the end of the 2015-

2016 school year. His leadership over the years has led 

some to speculate on the future of the program. But Davis 

is convinced that RCP will live on.

“I’m trying to motivate the thought that it’s not done by 

a long shot,” he said. “We have a lot of work left to be 

done. I think the students can carry the 

momentum because RCP is stu-

dent-driven.” 

Those darned fractured reservoirs 
After 30 years, RCP is still going strong. 

Read more commentary at 

EPmag.com

RHONDA DUEY
Executive Editor 

rduey@hartenergy.com

Tom Davis addresses the sponsors during one 

of RCP’s biannual meetings. (Source: Colorado 

School of Mines)
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T
he foundation is in for a massive recovery in the 
drilling market in 2017 and 2018, according to 

Marshall Adkins, managing director, Raymond James 
& Associates.

The deepwater rig market could begin to recover 
between 2018 and 2020, said James Wicklund, manag-
ing director for energy research at Credit Suisse.

Both men were speaking at the 2015 International 
Association of Drilling Contractors annual meeting 
Nov. 6, 2015, in San Antonio. They agreed that even 
though a recovery was likely, 2016 was not going to be 

a fun year for drill-
ing contractors.

Adkins noted 
that he has been 
relatively bearish 
in his outlook for 
the industry in 
the last few years. 
“Low prices solve 
low prices. I am 
more bullish on 
our business and 
the outlook a year 
or two ahead than 
I’ve been in a 
long, long time,” 
he said.

Onshore will 
recover before off-
shore, Wicklund 
emphasized. “Most 
of the major oil 
companies were 
losing money at 

$100 in their big deepwater and LNG investments. 
They’re still trying to get that fi xed. Offshore will 
recover, but it’s going to be later than you thought 
yesterday and later than you think today. Deepwater is 
a seven-year cash-cash return cycle. Onshore is a three-
year cash cycle, so clearly the U.S. is going to win. If 

you want rig count to come back, you really want it to 
come back here fi rst,” he said. 

The annual meeting was well attended by drilling 
contractors who have been through multiple down-
turns in the industry. It was one of those “been there, 
done that” scenarios. How to survive the downturn was 
a major topic of conversation.

Both Adkins and Wicklund emphasized that for the 
fi rst time in their lifetimes, there is no excess oil capacity.

“In the U.S. we are going to be the driver of global sup-
ply for at least the next fi ve years and probably longer,” 
Adkins said. “We will displace to some degree offshore 
and international activity.”

Wicklund pointed out that there are 400-plus off-
shore discoveries that are waiting to be developed. That 
means that exploration work “is going away dramatically 
because we’ve got all those discoveries to develop. I 
didn’t say deep water was dead or it was going away; it is 
just being delayed. Today we still can’t afford to develop 
deep water,” he said.

Raymond James’ rig forecast drops the rig count 
into the 500s in fi rst-quarter 2016. “We’re talking 
about six more months of pain in my model. Rig activ-
ity is down in 2016 but surges in 2017 to 2018. Despite 
U.S. oil growth in 2017 to 2018, there will be a massive 
multiyear recovery where land will take share from off-
shore,” Adkins said. 

“We think the recovery will be more bathtub-shaped 
than V-shaped,” Wicklund added.

Let’s hope the industry comes out of the 
bathtub squeaky clean and ready 
to go. 

Drilling will recover sooner 
onshore than offshore
The rig count should bottom at about 500 rigs in second-quarter 2016 and 
rebound by 70% in 2017 and another 30% in 2018.

Read more commentary at 

EPmag.com

SCOTT WEEDEN

Senior Editor, Drilling 

sweeden@hartenergy.com

It will be a long climb back to the top 

for the rig count. But land drilling rigs 

like this Helmerich & Payne rig drill-

ing for Statoil will lead the recovery. 

(Photo by Scott Weeden)
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W
hen did you last change your login password 

for your personal computer? If your approach 

to cybersecurity is anything like mine, then it was 

set back when the system was brand spanking new 

and fresh out of the box 10 years ago. Has its oper-

ating system been updated recently? Nope, why 

bother updating a system or software that is used 

to write the occasional email or store pictures? It 

doesn’t house the launch codes for the country’s 

nuclear arsenal. We just need to keep the antivirus 

software current and all is well in cyberland, right?

While the examples above are a bit extreme and 

too focused on personal computing, for those enti-

ties looking to do harm, 

it is an ideal setup. And 

especially so in those 

times when a personal 

computer is used to 

remotely access a work 

server to access a fi le or 

send an email. 

The use of digital tech-

nologies and increasing 

dependence on cyber-

structures has exposed the 

oil and gas industry to new 

sets of vulnerabilities and 

threats, according to a DNV GL press release. The 

organization recently delivered a study to the Lysne 

Committee—appointed by the Norwegian Ministry 

of Justice and Public Security—that revealed the top 

10 most pressing cybersecurity vulnerabilities for 

companies operating offshore Norway. The issues 

are equally applicable to oil and gas operations any-

where in the world.

In the list of 10, there are the well-known, like 

lack of cybersecurity awareness, the use of mobile 

devices and storage units (i.e., smart phones and 

fl ash drives) and vulnerable software. Remote work 

during operations and maintenance also made 

the list. 

The vulnerability falling in the No. 10 spot is the 

use of outdated and aging control systems in facilities. 

With more than 70% of the world’s oil and gas pro-

duction coming from mature fi elds, it is a concern of 

particular note. 

“Many installations on 

the Norwegian Continen-

tal Shelf are designed to 

have a lifetime of between 

15 and 25 years, and a 

number of these have 

been allowed to operate 

for longer. This means a 

lot of the equipment and 

software is outdated and 

not very well adapted to 

today’s digital vulnerabil-

ities,” the executive sum-

mary stated. “The digitization of the sector is taking 

place continuously. ‘The Internet of Things’ will lead 

to more units with digital vulnerabilities.”

According to the release, DNV GL believes vul-

nerabilities can be addressed through a risk-based 

approach, using the bow-tie model familiar in safety 

barrier management. This allows companies to iden-

tify the threats to and vulnerabilities of assets and 

operations and plan barriers to prevent incidents and 

mitigate the consequences of cyberrisks.

To access the report (in Norwegian) or a brief syn-

opsis (in English), visit dnvgl.

com/oilgas/download/lysne-com-

mittee-study.html.

Cybersecurity vulnerabilities 
impact production
A recent DNV GL study cites aging control systems as one of 10 areas of 
cybersecurity concern.

Read more commentary at 

EPmag.com

JENNIFER PRESLEY
Senior Editor, 

Production Technology

jpresley@hartenergy.com
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W
ith U.S. and European economic sanctions against 
Iran set to end, the country is stepping up efforts 

to attract foreign investors to the oil and gas sector.
Offi cials recently pitched more than 50 oil and nat-

ural gas projects to potential foreign investors at a two-
day conference in the capital, Tehran.

Iran is desperate to reverse the dip in its crude oil 
production, which fell dramatically from nearly 3.7 
MMbbl/d in 2011 to 2.7 MMbbl/d in 2013 because of 
sanctions. This rose slightly to 2.8 MMbbl/d in 2014.

The government now hopes that international com-
panies, including the likes of BP, Shell, Statoil, Total 
and Eni, will invest $100 billion in the oil and gas sector 
to help raise production back to presanction levels.

European companies in particular are queuing up to 
try to get a foot in the door in Iran, but they are looking 
for improved terms from the seven-year buy-back con-
tracts that were offered in the past.

It looks like 
their wishes will 
come true with 
the new con-
tracts set to be 
negotiated on a 
project-by-proj-
ect basis. The 
new contracts 
being proposed 
by the Tehran 
government 
will be valid for 
20 years, with 
opportunities 
to extend for 
a further fi ve 
years. They also 
will give foreign 
investors a share 

of the oil they produce. This is important for companies 
like Total, which has been meeting with Iranian offi cials 
in the run-up to the sanctions imposed because of Iran’s 
nuclear activities being lifted. 

Total’s CEO Patrick Pouyanné told attendees at the 
Abu Dhabi International Petroleum Exhibition and 
Conference (ADIPEC), “It is not only a question of 
resources or opportunities—it is a question of profi ts.

“We will be well-positioned to look at opportunities 
in gas, oil, petrochemicals and marketing. But all that 
is subject to good contractual conditions, so we will 
see. If you remember the question of Iraq, everyone 
was excited about Iraq, but at the end of the day the 
contracts that were offered to the international oil 
companies were not really interesting,” he said.

Investors will be looking at opportunities onshore 
as well as in the Persian Gulf and Caspian Sea. 

Currently, there is no signifi cant Iranian produc-
tion in the Caspian, and this could be a growth area 
for investment. Iran discovered the large Sardar Jan-
gal oil fi eld in the Caspian in 2011 and is looking to 
build a refi nery on the coast to supply it with crude 
from the fi eld.

Companies looking to make the most of these new 
opportunities open to them in a post-sanctions world 
will have to team up with local partners. 

Peter O’Sullivan, CEO of engineering and man-
agement services company Penspen, told E&P at 
ADIPEC, “The key for entering Iran will be fi nding 
the right local partner and understanding where you 
fi t. There are a lot of existing companies operating 
there with their own capabilities, and what we can 
bring and add will be key.”

Despite the oil price 
crunch, it looks like there 
will be plenty of opportu-
nities in Iran. 

23

offshore
ADVANCES 

Iran gets ready to open its doors
With sanctions about to be lifted on Iran, oil and gas companies are lining up 
to be fi rst through the door.
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Read more commentary at 
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JOHN SHEEHAN
International Editor 

jsheehan@hartenergy.com

Iran currently has no signifi cant pro-

duction coming from the Caspian Sea. 

(Source: Anton Balazh/Shutterstock.com) 
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DIALING IN 
EFFICIENCY
Companies need to work smarter, 
not just more cheaply.

It’s easy to get sloppy when oil is above $100 
per barrel. When prices fall and profi ts drop, 
companies need to take a hard look at their 
operations to improve effi ciencies and trim 
out excess. 

This month’s cover feature examines sce-
narios that will help companies survive and 
thrive in the downturn without putting the 
service and supply companies out of busi-
ness and will prepare them for action when 
prices rebound. �
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Mark Thomas, Editor-in-Chief

A
ccording to a report by Wood Mackenzie (Wood-
Mac) into the impact of cost defation on the 

upstream oil and gas sector, the industry is looking to 
achieve cost reductions of up to 30%. But that alone will 
not be enough, it said, as just putting the squeeze on the 
service sector and supply chain costs will achieve only 
about 10% to 15% on average.

The need to fnd a combined solution that works is 
clearly vital; the analyst estimated that a huge $1.5 tril-
lion of investment in future new presanction and tight 
oil projects worldwide remains locked away, simply 
uneconomic at an oil price of about $50/bbl. 

Forecast investment already has plummeted by an esti-
mated $220 billion for the period of 2015 to 2016 com-
pared to WoodMac’s pre-oil price crash projections, with 
46 projects outside North America deferred as a result 
along with the severely reduced activity that has taken 
place onshore North America.

Ultracompetitive bidding
Obo Idornigie, principal upstream research analyst at 
WoodMac, pointed out that the company expected just 
six new projects to get the go-ahead before year-end 
2015, with perhaps up to 10 in 2016. This is already 
resulting in ultracompetitive bidding by the service sec-
tor as it negotiates hard with operators looking for best 
prices from presanction projects. Idornigie said pre- 
fnal investment decision offshore projects, for exam-
ple, could beneft from such negotiations to the tune of 
between 10% and 15% in reduced capex through the 
resulting supply chain savings alone. 

The analyst said the key to fnding the other potential 
15% in cost savings will be down to factors such as project 
optimization, the reworking of development plans, the 
adoption of smarter ways of working with the service sector 
and a more innovative approach to project management.

Idornigie said the potential cost savings are achievable 
through supply chain and project optimization improve-
ments but stressed that operators have been responding 

over the past year and still continue to do so. “A lot of 
the low-hanging fruit has been cut. Job cuts have had to 
be made too, unfortunately. But operators can do more 
too: Reworking feld development plans, optimizing 
project design and more innovative approaches to proj-
ect management will all play important parts. 

“The recently sanctioned Appomattox deepwater feld 
in the Gulf of Mexico shows what’s achievable. Total 
project costs were reduced by 20%, of which 75% was 

Industry cost base resetting  
The severe cost cutting that has been implemented throughout the global E&P business in the 

past year represents mostly the ‘lower hanging fruit.’ To achieve longer-lasting benefts, much 

more still needs to be done to reset the industry’s cost base.

Shell’s Appomattox Field currently under development has been 

held up as an example of what can be done at the design stage 

to reduce project costs. The operator estimates it has saved 20% 

through design optimization, supply chain savings and improved 

effciency thanks to experience gained on its previous seven GoM 

foating platforms, most recently the Olympus tension-leg platform. 

(Source: Shell)
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related to project scope and effciency gains. Currency 

depreciation also has been a signifcant bonus for some 

countries, notably Russia.”

North America fastest to react
Geographically, WoodMac said North American uncon-

ventional business has been the fastest reacting area 

so far. The fexibility to rapidly dial back investment in 

unconventionals at low prices has provided a compet-

itive advantage for U.S. independents with the bigger 

positions, while majors and international players lack 

exposure to this fexible investment. The U.S. Lower 

48 cost defation was expected to average 20% over the 

2015 to 2016 period, with some projects achieving more 

than 30% in savings.

“The industry’s responsiveness and innovation will have 

cut costs by as much as 30% by year-end 2015, and there 

is scope for further effciency gains. But deepwater and 

more technically challenging sectors such as HP/HT are 

playing catch-up,” Idornigie said in November 2015. 

But it is the shelf and deepwater sectors that have the 

greatest scope to capture additional savings over the 

course of the next 12 months, according to WoodMac. 

For shelf projects, drilling accounts for about 40% of 

overall capex. For deep water, drilling costs, subsea sys-

tems and facilities account for about one-third each of 

overall capex. The analyst said unsanctioned deepwater 

felds could see some of the largest falls in costs over 

the next year, “though the sector remains expensive to 

develop, and more structural progress is needed.” 

Alliances, partnerships
The recent growth in merger activity, alliances and joint 

ventures (JVs) between several of the major drilling and 

service companies is seen as a strong indicator that fur-

ther effciencies will be achieved. 

According to Idornigie, this is part of the much-

needed underlying deep structural change that is 

required to lower the industry’s cost base to where it 

needs to be. He highlighted service sector moves such as 

Halliburton’s ongoing acquisition of Baker Hughes and 

Schlumberger’s acquisition of Cameron as clear exam-

ples of the way ahead, while partnerships such as the 

Forsys JV between Technip and FMC also represented 

great opportunities for further savings and effciencies 

due to having more complimentary services and less 

“like for like” offerings from each participant. 

“The service sector, previously so very fragmented, 

could see huge savings coming through in due course 

from partnerships with ‘one stop shop’ solutions like 

this,” he said. “This has been the argument from the 

service industry for some time. [These companies] have 

previously not been brought in mostly until a feld devel-

opment has been approved. Then the operator brings 

the service company in later and the service company 

COVER STORY: 

COST CONTROL & PROJECT MANAGEMENT

This survey of E&P companies earlier in 2015 outlines the industry’s 

initial expectations of development cost defation by category, 

with the biggest savings of up to 30% forecast for unconventional 

onshore drilling (almost entirely in North America). (Source: Wood 

Mackenzie)

The declining number of sanctioned projects and activity is pro-

moting cyclical defation from the supply chain. (Source: Wood 

Mackenzie)
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says, ‘This will not work.’ But getting them in earlier in 

the planning stage, as joint venture partnerships or alli-

ances or as companies with wider service offerings than 

before, is what they have all been pushing for. We expect 

to see these types of alliances and partnerships continue 

to emerge.”

More effciency
WoodMac is still forecasting a sharp rise in oil prices 

from 2017, accompanied by a “real risk” that cost infa-

tion pressures also could then return. Because of this, 

the company said stronger collaboration between oper-

ators and service companies will be crucial in driving 

more effcient practices. 

“Resetting the cost base is the name of the game,” 

Idornigie said.

WoodMac also warns that the E&P industry needs to 

ensure it strikes the right balance between near- and 

long-term drivers. Pushing the service sector too hard in 

the short term will only shore up problems once more 

attractive fundamentals return, the company said, while 

the increasingly severe job cuts mean the industry also is 

losing skilled resources that will take time to attract back 

when prices recover.

The winners, according to WoodMac, are likely to be 

operators with a strong pipeline of near-term, near-eco-

nomic projects close to sanction that are able to take 

advantage of the trough in costs now and throughout 

2016. The ability to lock in those lower supply chain costs 

before oil prices recover and investment starts to fow back 

into the sector is seen as a crucial advantage.

By the end of third-quarter 2015, companies had reduced their 

upstream capex by $220 billion for the 2015 to 2016 period com-

pared to their stated plans as of year-end 2014. The two biggest 

declines are in the Americas and Russia, although the Middle 

East bucks the trend with capex forecast to rise by close to 20%. 

(Source: Wood Mackenzie)
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Appomattox: project 
optimization in action

• Shell’s ultradeepwater Appomattox dis-
covery in the Norphlet play was the first 
standalone development to receive a 
final investment decision in the U.S. Gulf 
of Mexico (GoM) in July 2015.

• The total project cost for what will be 
Shell’s eighth and largest floating platform 
in the GoM was reduced by 20% during 
the design stage through supply chain 
savings, design optimization and efficien-
cy gains.

• WoodMac analysis suggested that of this 
reduction, 75% came from the optimized 
development solution based on the 
operator’s repeated use of a four-col-
umn production semisubmersible facility, 
most recently used on its Mars B Olympus 
tension-leg platform facility. The redesign 
of the project included a reduced well 
count and a corresponding reduction in 
subsea kit.

• Drilling contracts already are locked in, so 
there is limited scope to benefit from cost 
savings from rig rates.

• The remaining reductions can be as-
sumed to be from supply chain savings.

• Cyclical savings represent only 25% of the 
capex reduction.

• Shell currently estimates the go-forward proj-
ect breakeven price at about $55/boe.
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L
ow prices have caused pain in the upstream industry. 
But some pain points existed even when oil was $100/

bbl. One of these is cost overruns.
According to DNV-GL’s Oil & Gas Perspectives news-

letter, fnal investment decisions for feld development 
projects underestimated costs by an average of 16%, with 
deepwater projects at 45% and heavy oil projects at 50%.

And while the downturn over the past year has damp-
ened plans for increased capex, much more fat can be 
trimmed from the remaining projects. “It is important 
to develop a detailed understanding of cost drivers,” 
Etienne Romson, strategy and business development 
director of DNV GL Oil & Gas, was quoted as saying. 
“Sometimes, answers that seem obvious—salaries, steel 
prices and so on—are not the whole picture. Cost infa-
tion of this kind accounts for only a third of increased 
project expenditure seen in recent years.”

Romson went on to note that defer-
ring projects or squeezing suppliers is 
not necessarily the best way forward. 
“The solutions lie in working smarter, 
for example through collaboration, 
sharing of assets, standardization, digi-
tal technology and joint innovation and 
in taking a risk-based approach across 
the project and asset life cycle.”

New approach
The refrain is similar throughout the 
industry—a new way of doing things 
is needed. To help its customers 
reduce costs, Emerson Process Man-
agement recently introduced “Proj-
ect Certainty,” intended to provide 
“transformational improvements” 
in project execution, according to a 
press release. The idea is to help com-
panies trim costs and speed up their 
capital projects.

“We’ve been working on this for a number of years, 
and we thought it was a good time to come out with 
a message about what we think we can do to help the 
industry,” said Jim Nyquist, group vice president of 
Emerson’s Systems and Solutions business. Nyquist said 
statistics indicate that 65% of industry projects that cost 
more than $1 billion fail today, meaning they’re either 
at least 25% over budget or 50% behind schedule. 

The two main drivers behind this are complexity and 
the use of outdated methods, he said. “Our customers 
have more partners, more people involved; they have 
more EPC [engineering, procurement and construc-
tion] involved; they’ve got more complex technology 
involved; they’re often in remote locations; and all of 
those things add up to a very complex situation that is 
extremely diffcult to deal with,” he said. “Our custom-
ers also have told us that they’re engineering and build-
ing projects the way they have been doing it forever, and 
they keep doing it the same old way. They don’t want to 
risk changing anything.”

Time to rethink project design  
Capital projects have been over budget and behind schedule long enough. New  

technologies and methodologies seek to change that.

Top-quartile performers have 54% lower cost and 49% shorter schedules than 

fourth-quartile performers. (Source: Emerson Process Management)
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Project Certainty has three major elements—eliminating 

work, reducing complexity and better accommodating 

changes. To eliminate work, the company has introduced 

electronic marshalling with smart junction boxes that 

reduces the number of cabinets in a control system by 

90% to 95%. These boxes move much of the input/output 

(I/O) equipment into the process itself and eliminate an 

enormous amount of wiring from the feld to the control 

room. These junction boxes are standardized designs, 

eliminating a lot of the upfront engineering, he said.

Emerson also has introduced wireless technology for the 

instrumentation. “When you think about a wired instru-

ment, you need to have cables that go from the instrument 

to a junction box and then all the way into the control 

room,” he said. “It’s a lot of cable trays and wiring.

“Wireless eliminates that completely. It cuts out tons of 

engineering work and wiring costs,” he added.

Reducing complexity requires a very different way of 

working. “The idea is to reduce as many dependencies as 

we can as well as a lot of engineering and to facilitate con-

current engineering and construction,” he said. “More and 

more the industry is going toward modular builds, and to 

do that you must have people working on different parts 

of the facility in different parts of the world. That becomes 

very complex.

“We have the ability to virtualize our control system. 

We’ve put it in our secure private cloud, and that allows 

multiple people all over the world to do their software and 

confguration development concurrently,” he continued.

He added that the company also has separated the 

software development from the hardware installation, 

placing the hardware in the feld while the software is still 

being confgured. This allows engineers to check inter-

faces without having the physical piece of 

equipment present.

To accommodate changes, Emerson has 

introduced a concept called “auto-commis-

sioning.” Nyquist used the analogy of hook-

ing up a printer to a computer. Several years 

ago this was a tedious process that required 

telling the computer which port to use and 

installing software. Today the computer 

does all of the work; the user just plugs in 

the device.

In the feld, it’s still being done the old- 

fashioned way, where one technician sits at 

the control panel while another fnds every 

single I/O point on the facility and makes 

sure it’s talking to the system. There can be 

50,000 I/O points on a single facility.

“It’s laborious,” he said. “It takes weeks.”

The new control system talks to the smart junction boxes 

and automatically connects the I/O point to the software 

confguration, taking a few minutes per feld device.

“It can reduce commissioning hours by as much as 

80%,” he said. “We have customers who have quoted a 

20,000-manhour savings.”

Some of these technologies already have been launched, 

but it wasn’t until recently that the package came together 

as Project Certainty. “This has been a journey,” Nyquist 

said. “We’ve used pieces on many projects with some very 

positive impacts. 

“Project Certainty is not a singular element. It’s 

composed of a lot of different technologies and meth-

odologies, but the key to it is that a lot of the benefts 

are derived by having early engagement. You’re really 

tapping into the customer and engineering contractor 

strategy, so it’s a very fexible model, and customers can 

prioritize the aspects that they’re ready to do that will 

bring the best beneft.”

It is, in fact, customer engagement that has helped the 

company develop some of these technologies. Nyquist 

said customers point out the problems they’re having and 

ask Emerson to help solve them. “Frankly, that’s how we 

like to work. We get some of the best ideas when we’re 

knee-deep in it with customers.

 “I would say the entire Project Certainty concept is 

enabled by technology, but it’s only realized when you 

actually change your processes and methods. You have to 

build it into the project during front-end engineering 

and development to get the beneft. If you wait too long, 

you’re already down the path of using conventional meth-

odologies, and the technologies aren’t really going to pay 

off,” he emphasized. 
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Project cost reductions are only truly realized when processes and methods are 

reexamined. (Source: Emerson Process Management)
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A
s the search for hydrocarbons increasingly requires 
drilling and production in challenging environments, 

the associated risks are magnifed. This is particularly rel-
evant in the current climate of $50 oil, where signifcant 
pressure is placed on realizing value and maintaining 
positive cash fow against reduced revenues. The sheer vol-
ume of data that now needs to be processed and the pace 
of operations in today’s competitive marketplace also can 
present a challenge.  

Successfully executing any oil and gas project—regard-
less of market conditions—requires input from a range 
of specialists whose 
expertise is needed 
at various stages of 
the E&P life cycle. 
With current indus-
try pressures result-
ing in much tighter 
fnancial margins, 
the development 
and implementation 
of more cost-effec-
tive methodologies 
is proving to be 
critical. 

Increasingly, spe-
cifc technical capa-
bilities are being 
used to improve the 
effciency of a devel-
opment, reducing 
risk and optimizing 
well productivity. 
This in turn can improve the return on capex and opex 
while maintaining safe and effcient operations. 

Specialist input
In a typical oil and gas feld development, production 
optimization begins once the exploration and appraisal 

stages are complete. Ideally, specialist input is required 
early in the well planning process and continues through 
to assisting with completion design and well construc-
tion. Experts in niche specialties such as core analysis, 
geomechanics, formation damage, production technol-
ogy, drilling optimization, computational fuid dynamics 
(CFD), well and reservoir engineering, advanced drilling 
techniques and well integrity are among the technical 
authorities sought by most operators looking to optimize 
well production. 

Independent experts in areas such as core analysis or 
production chemistry are absolutely capable of delivering an 
effective and technically accurate service. However, a more 
effcient offering can be demonstrated in terms of value 

with an all-inclusive 
approach—looking at 
and considering the 
impact of the whole 
project as opposed 
to concentrating 
on particular ele-
ments. Collaboration 
between the technical 
disciplines can only 
improve effciencies. 

Sand production
One recent study 
demonstrates the 
application of this 
integrated process. 
The risk of sand pro-
duction coupled with 
the potential erosion 
issues arising from a 
combination of high 

gas fow rates and sand production in the wellbore and facil-
ities components were evaluated. Two engineering studies 
were undertaken to evaluate the geomechanical strength of 
the producing formations, select the most appropriate sand 
mitigation strategy and identify the potential erosion issues 
at various critical points in the production network. 

Reduce risk, increase value in  
challenging environment  

Integrating the specialist disciplines required during the life cycle of an oil and gas project 

can help optimize production and improve effciency.

CFD modeling ranked the relative erosion risks in various well components and 

calculated the corresponding erosion rates for a range of operating conditions. 

(Source: Lloyd’s Register)

The cage has an even distribution of nozzles that 

aims to collide the high fuid and particle velocity 

in the center of the cage (which then fow in 

“an axial manner”), dissipating the most erosive 

energy away from the downstream components.

The particles that impinge the choke housing 

wall cause the erosion (metal loss).

The particles enter the choke inlet and circu-

late in the annulus between the body and the 

cage (the choke housing).

The choke is at 100% open position, flowing 
934 Mcm (33 MMscf/d) gas and 120 kg/d sand
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This incorporated a CFD modeling approach using 
Lloyd’s Register Senergy’s Wellscope to rank the rela-
tive erosion risks in various well components and cal-
culate the corresponding erosion rates for a range of 
operating conditions. 

It was identifed that although the intact rock 
strengths were relatively high, there was a rock strength 
reduction in the presence of brine, likely related to the 
fnes content of the rock, clay-water interactions and 
capillary force reduction.

The well component erosion modeling study con-
ducted in parallel with this work indicated signifcant 
erosion potential at the wellhead choke, effectively 
ruling out surface sand management as a viable option. 
A comparative/screening analysis considered various 
active sand control techniques and, in light of the for-
mation properties as well as completion and production 
conditions, two methods were recommended: stand-
alone control using premium or ceramic screens and 
a chemical consolidation treatment. In addition, since 
both of these techniques could be conducted through 
tubing without the need for a major workover, the eco-
nomics were considered favorable. 

Finally, the study modeled the gas velocity in the 
tubing, the subsurface safety valve and the choke, con-
cluding from detailed solids erosion modeling that the 
choke cage suffers the most metal loss when the choke 
is fully open. Simulation results suggested that a 14% 
choke opening has the least metal loss on the choke 
cage. While minimizing the volume of sand produced 
would reduce the erosion risk identifed, reducing the 
gas production rate by closing the choke also would 
reduce the erosion risk, although this would of course 
impact hydrocarbon production and revenues.

Choosing the correct fuids
In another example, an initial appraisal well drilled in 
the southern North Sea produced only 85 Mcm/d  
(3 MMscf/d) and effectively condemned the dis-
covery to be nonviable. The operator subsequently 
relinquished the license. The new feld operator 
commissioned an integrated reservoir study, which 
demonstrated that the poor well productivity and 
high-interpreted skin factors were due to exposure of 
the reservoir formation to water-based drilling and com-
pletion fuids, which caused extensive formation dam-
age as a result of water retention, fnes migration and 
solids mud invasion.

Following extensive geomechanical analyses to ensure 
formation integrity during drilling, testing and core test-
ing to optimize drill-in fuid design and performance, 

a comprehensive plan was developed to access the 
hydrocarbons using best practices in well construction 
and completion design. 

The second appraisal well, drilled at lower overbal-
ance using a specially designed oil-based mud system, 
was tested at 498 Mcm/d (17.6 MMscf/d) with low 
skin factor and no sand production, in line with expec-
tation. In the absence of signifcant formation dam-
age, the absolute open-fow potential was increased 
tenfold compared to the original well test.

The recognition of the true reservoir potential by 
the new operator and the integrated formation dam-
age mitigation methodology opened up a signifcant 
development opportunity that turned an unwanted 
asset into a commercially viable development, valued 
at about $500 million in a subsequent acquisition.

Well construction
A further example is from a well construction per-
spective. An integrated drilling support team was 
requested to provide pore pressure and drilling opti-
mization support during a 2013 drilling campaign 
in West Africa. During the drilling campaign, three 
deepwater wildcat exploration wells were successfully 
drilled to total depth. There was considerable uncer-
tainty in the possible pore pressure and other issues 
such as shallow hazards, which could give rise to drill-
ing risks. 

With operational support the well was navigated 
through pressure ramps and the mud weight kept 
within the correct range for kick prevention and  
trip margins.

In addition, drilling ROP restrictions were removed 
from all hole sections following a hole cleaning review. 
Every section was completed in line with the planned 
one-bit run strategy through complex geological 
settings. The benefts in this case were more than 
$2.7 million of savings and a collaborative technical 
environment where the drilling team worked closely 
with the more specialist disciplines to the beneft of 
the project. 

By having a greater understanding of the whole 
project and the challenges being faced in other 
specialist areas, a more cohesive solution can be 
delivered. Working closely together from the early well 
planning phase allows effciencies to be realized 
almost immediately. In addition, using collective 
knowledge across disciplines affords a greater 
opportunity for ensuring a timely construction phase, 
which can allow production to begin earlier with 
minimal impairment to reservoir productivity. 
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I
ts latest lease on life began 12 years 
when Apache Corp. took over and 
implemented a major revamp of 
the development’s f ve hard-work-

ing platforms and related infrastruc-
ture. Few would have predicted when 
it began f owing oil that—40 years 
later—operator Apache would have 
carried out a complete makeover of 
the existing f eld complex, both top-
sides and on the seabed, let alone add 
a brand new installation an astonish-
ing 38 years after f rst oil.

The transformative multibillion 
dollar redevelopment of the Forties 
complex represents one of the larg-
est brownf eld capital projects ever 
undertaken on the U.K. Continental 
Shelf, and has extended its productive 

life into the next decade and beyond. 
Somehow that seems appropriate, 
considering BP’s original f agship 
development was itself one of the larg-
est greenf eld capital projects carried 
out during the “golden era” of the 
North Sea in the 1970s.

The building and installation of the 
four large steel-jacket platforms and 
topsides (Alpha, Bravo, Charlie and 
Delta), along with all the associated 
infrastructure, and then running it 
safely and productively was a massive 
challenge for the company and its 
people. But they rose to that challenge 
and delivered it with f ying colors, 
eventually adding a f fth platform, 
Echo, in 1985. It was one of the great-
est achievements in the North Sea’s 
history and remains so to this day.

Redevelopment plan
But by the early 2000s BP had 
reached a point where it knew it had 

to do something extraordinary to 
take this declining giant forward into 
a new era. 

The operator carried out detailed 
engineering studies costing sev-
eral million dollars on a potential 
redevelopment, centered on the 
installation of an entirely new and 
large standalone central processing 
platform, with the other existing 
facilities to be converted essentially 
to drilling and pumping stations, 
with no processing taking place 
on them. 

The new installation would 
receive and process the f uids, with 
a new pipeline to then go to the 
Forties Unity platform. In addition, 
the study also proposed a ring main 
to enable a massive waterf ooding 
reservoir program to enhance pro-
duction and increase the recovery 
rate. The estimated capital cost of 
this redevelopment work aimed 
at giving Forties up to an extra 30 
years of productive life was even-
tually put at close to $1 billion—a 
price, however, that BP’s board 
decided in 2002 it could not sanc-
tion due to what it felt were mar-
ginal economics at a time of low oil 
prices (circa $12/bbl).

Life begins at 40, or so the saying goes. For the Forties Field, which 

arrived on the world stage in 1975 as part of the fi rst global wave of 

multiplatform megaprojects, it has indeed begun its fi fth decade. 

Mark Thomas, Editor-in-Chief

Building a 
PLATFORM 
FOR SUCCESS

FORTIES AT 40

Editor’s note: Part 1 of the Forties Field 

story appeared in December 2015’s E&P 
issue as well as online at epmag.com/
special-report-big-4-0-829631.
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Step forward Apache
A sale to the right kind of buyer with 
a fresh and innovative approach was 
the obvious choice for BP and the 
best way of offering Forties a lasting 
future. Step forward Apache, with its 
bold acquisition in 2003. 

Having recognized that it could 
make the Forties Field work with a 
different approach, it immediately 
set to examining every detail of the 
project, top to bottom. Nothing was 
considered too small to be consid-
ered for improvement, and with the 
direct and invaluable input of the 
Forties Field team that largely trans-
ferred to Apache with the acquisi-
tion (more than 300 personnel), it 
had a wealth of experienced insights 
and opportunities to tap.

One thing it knew straight away 
was that BP and the U.K. fabrication 
yards had done an outstanding job 
back at the start of the f eld’s life. All 
the steel platforms were built to be 
exceptionally strong and robust to 
withstand the harsh environment of 
the Central North Sea. Built to last, 
they were and remain to this day 
structurally in great shape. Apache 
knew it had core facilities that were 
more than capable of being both 

safe and economically productive for 
decades to come.

Strong foundations
According to Mark Richardson, 
Apache’s North Sea projects group 
manager, “When Apache acquired 
the Forties [Field], we already knew 
that these platforms were completely 
strong structurally, and with full integ-
rity. Actually you could say they were 
overengineered, but that was typical of 
these type of pioneering original North 
Sea developments, where the original 
operators had to be sure of building 
facilities that last at a time when they 
had no previous experience to draw on 
in the region.

“My job has been to upgrade, 
refurbish and replace facilities across 
Forties. In 2014 we did 168 projects in 
this group. Overall we’ve done thou-
sands of individual projects, large and 
small, investing more than $4 billion 
in the process. There have been so 
many we’ve carried out, and they’ve all 
added up to the change that has been 
achieved in the f eld’s productivity. It 
has been a leader in production eff -
ciency in the North Sea, enabling the 
company to be able to still make money 
in this low oil price environment.” 

Under Apache’s operatorship the 
production eff ciency of Forties has 
risen from an initial 65% in 2003 to 
about 90% today, a top-tier perfor-
mance from this venerable develop-
ment. Field production in the f rst 
three quarters of 2015 averaged about 
50,000 bbl/d, compared to 42,000 
bbl/d in 2003 when Apache took over.

Well-maintained platforms
Much of that success has been down 
to the brownf eld program’s focus 
on revamping and improving six pri-
mary areas:

• Power generation and distribu-
tion systems; 

• Rotating equipment; 
• Simplif ed topsides;
• Gas-lift capacity for improved 

artif cial-lift performance and 
NGL recovery;

• Produced water-handling and 
injection systems; and 

• Production import to export 
systems.

Richardson said simply, “Well-main-
tained platforms decrease unplanned 
downtime and increase eff ciencies.” 

Power and gas ring main
A fundamental reason for the develop-
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The FASP, with the Rowan Gorilla VII jackup drilling rig in posi-
tion drilling gas-lift wells during 2014, is bridge-linked to the 
original but much revamped Forties Alpha platform. FASP was 
the first platform installed in the U.K.’s Central North Sea for 25 
years. (Photos courtesy of Apache Corp.)
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ment’s hugely improved operational 
effciency was the installation and com-
missioning of the power and gas ring 
main in 2006. 

Previously each of the feld’s fve 
platforms worked independently, with 
its own power generation and produc-
tion system. This standalone facility 
approach meant that when problems 
were encountered, each platform 
would essentially have to be powered 
down and a complete restart under-
taken, meaning a slow process before 
production was eventually restarted—
sometimes up to three or four days, 
with a resulting negative impact on 
production and revenues. 

“What we did was install a 4.5-in. 
gas line and link all the platforms 
together by a 33-kW power ring main 
around the whole feld, then put 
new power generation on Forties 
Charlie and Forties Alpha. Then we 
could power from anywhere else in 
the feld,” Richardson said. “It was a 
major installation project.”

Today, along with the increased 
installation and use throughout the 
feld of electric submersible pumps, oil 
can now start pumping to the surface 
almost immediately upon restart.

Control system
The other key factor for the improved 
operational effciency, according to 

Richardson, was the installation 
of the Delta V control system 
on the feld, replacing the anti-
quated previous analogue sys-
tem. This digital control system 
enabled Apache to monitor the 
entire plant, identify potential 
failings and faults, and raise the 
effciency level to industry-lead-
ing performance.

“Those two things, the ring 
main and the control system, 
have fundamentally changed the 
feld from a project perspective 
in the way it functions,” Richard-
son said. “For me, those are two 
real highlights for this project. 

I’m also really proud of the Bacchus 
subsea tieback to Forties Alpha, 
because it was done between 20% and 
30% cheaper than the norm and has 
had an uptime of more than 99%.”

These improvements, plus the myr-
iad of other modifcations and replace-
ments across all the assets (Apache also 
replaced the vast majority of the feld’s 
original subsea pipelines), means that 
Forties is now a completely different 
animal from the project acquired by 
the company almost 13 years ago.

FASP focus
The most eye-catching highlight, 
however, has been the installation of 
a whole new platform some 38 years 
after the feld frst began fowing oil. 

The Forties Alpha Satellite Platform 
(FASP) came into being essentially 
because Apache realized in about 2009 
that it was running out of platform well 
slots and needed more power genera-
tion and gas-lift wells. “We needed to 
grow. So we did FASP and did it even-
tually 20% cheaper than the industry 
norm,” Richardson said. “It was just an 
idea. We were sitting around a table, 
and it grew from there.”

The platform was a major commit-
ment to the future of the Forties by 
Apache, representing an investment of 
$675 million as well as being the frst 

Central North Sea platform built in the 
U.K. for 25 years.

Built by Offshore Group New-
castle in Tyneside, England, and 
installed in 2013 (the year after BP’s 
planned decommissioning date 
for Forties at the time of Apache’s 
acquisition), the facility has a 5,700-
tonne 4-leg steel jacket and a total 
weight of 18,460 tonnes, with the 
platform bridge-linked 90 m (295 
ft) to Forties Alpha. With 18 well 
slots, it has enabled Apache to con-
tinue its targeted drilling campaign 
aimed at accessing the many smaller 
oil pools that exist in the surround-
ing area.

Reduced costs
Impressively, FASP was done in just 23 
months, with a topsides cost per tonne 
of $54,865 (20% to 30% cheaper than 
the norm). Apache also won a business 
effciency award for FASP from the 
industry association Oil and Gas UK.

Richardson said Apache’s creative 
approach again played a key role in 
bringing FASP to reality. This included 
selecting a company to carry out the 
fabrication using a mothballed yard. “I 
selected a company that was in receiv-
ership. But they had the right attitude, 
the right aptitude, and so on. We 
didn’t go to a front end engineering 
and design contractor. We just went 
straight to the fabricators and said ‘Can 
you build this?’ It led to the creation 
of 2,000 direct jobs and more than fve 
million man-hours of work.”

He also added that the whole proj-
ect was done with a remarkably small 
operator team, only 27 individuals 
compared to a more normal fgure of 
between 200 and 300 people. 

Richardson said, “What has been 
achieved so far on Forties offers hope 
to the rest of the industry. Apache took 
aging assets and made them highly 
productive and highly proftable. The 
feld is currently forecast to be produc-
ing until at least 2032.” n
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SURFACE FACILITIES

Heerema’s Thialf heavy-lift vessel carried out 
the 6,500-tonne FASP topsides lift in 2013. 
FASP’s topsides cost per tonne came in at 
$54,865, between 20% and 30% less than the 
industry norm. 
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A
pache has invested consis-

tently in the Forties Field’s 

subsea infrastructure since 

taking over the reins from 

BP to help build up and then main-

tain the project’s production eff-

ciency and output. 

With the original feld develop-

ment featuring fve platforms—

Alpha, Bravo, Charlie, Delta and, a 

little later, Echo—these production 

facilities lie in water depths ranging 

between 95 m and 128 m (312 ft and 

420 ft), with the Forties Alpha Satel-

lite platform only installed in 2013.

Just to recap, Forties Alpha, Char-

lie and Delta are self-contained 

drilling, production and processing 

units, while Bravo is no longer pro-

cessing fuids but is directly export-

ing them to Charlie for processing. 

Echo has no processing facilities 

and exports its production fuids for 

processing via the Alpha platform. 

Underneath the waves the feld 

also features 14 pipelines and more 

than 60 caissons in total, with the 

Forties Charlie platform acting 

as the gathering platform for the 

entire feld. It is connected to Alpha 

by a 20-in.-diameter submarine 

pipeline, to Bravo by a 14-in. mul-

tiphase production pipeline and to 

Delta by an 8-in. fexible pipeline. 

Processed fuids are then exported 

onward from Forties Charlie to the 

Scottish coastline at Cruden Bay, and 

then further on to the Kinneil pro-

cessing facility via the BP-operated 

Forties pipeline system. 

Dramatic change
Patrick Duggan, Apache’s subsea 

projects and operations manager, 

points out that since Apache 

took over the feld in 2003 (with 

estimated remaining recoverable 

reserves then put at 140 MMbbl) 

the picture has changed dramat-

ically. With about 240 MMbbl 

produced so far, 120 MMbbl of it 

coming from Apache-drilled wells, it 

is clear that the company’s substan-

Delving
BENEATH THE 
SURFACE 
The Forties Field’s extensive 

subsea infrastructure may be 

out of sight but is never out of 

mind for Apache.

John Sheehan, International Editor

The Bacchus subsea tieback bundle tow head being launched from the beach in 

Wick, Scotland in 2011 is shown. Three subsea production wells were tied back 

to the Forties Alpha platform via the 6.8-km subsea pipeline bundle, with first 

oil flowing in April 2012. In 2016 the first well is due to be converted to a water 

injector. (Photos courtesy of Apache Corp.)  

SUBSEA INFRASTRUCTURE
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tial investments have transformed 

the feld’s future compared to just 

12 years ago when the asset was 

essentially being wound down.

“We have produced what BP 

thought was there, and we have 

proven more than it thought was 

there,” Duggan said. “One of the 

key things that Apache identifed 

was that with positive capital invest-

ment on maintenance and upkeep, 

uptime and availability could be 

greatly improved.”

Apache has invested billions of 

dollars throughout the entire For-

ties Field, both above and below 

water, to keep the assets viable and 

effcient. It has been rewarded by 

production levels that have risen 

from initially around the 40,000- 

bbl/d level to at one point as much 

as 80,000 bbl/d. It is currently still 

averaging about 50,000 bbl/d.

“That increase in production 

really stems from produced water 

reinjection, a power and gas ring 

main being installed, and a pipeline 

replacement that made all these 

systems available on a longer times-

cale, which kept effciencies up,” 

Duggan said.

Apache’s typical availability and 

productivity now ranges from 89% 

to 91% against a North Sea average 

of about 60%. 

Water-injection pumps
Produced water-reinjection pumps 

were put in to manage and main-

tain pressures in the reservoirs. To 

ensure that all fve platforms are 

reliably supplied with gas and elec-

tricity, Apache installed the innova-

tive subsea power and gas ring main 

in 2004. 

Natural gas production in the 

feld is limited to certain areas so 

Apache installed the ring main 

to tie the four main platforms 

together. Fiber-optic cabling also 

was installed.

The system provided the foun-

dation for much of what has fol-

lowed by giving Apache the ability 

to convert its power generation to 

gas and to increase the generat-

ing capacity to provide the power 

required to install and drive mod-

ern electric-powered pumps and 

cranes, both of which have helped 

to further reduce emissions as well 

as aid operations.

“One of the key subsea elements 

was the installation of the power 

and gas supply ring main between 

the assets,” Duggan said. “Two out 

of the fve platforms had main 

power generation, and it meant that 

in times of fuctuating supply and 

demand they could export power to 

the other assets in the feld. It was 

about keeping that redundancy and 

uptime as high as possible. If one 

generator goes down, the other can 

supply,” he said.

ICCP installed
Duggan also highlighted the 

impressed current cathodic pro-

tection (ICCP) system installed in 

2009 on Alpha, Bravo, Charlie and 

Delta as another important devel-

opment in helping to prolong the 

life of the feld.

Two independent studies were 

conducted to determine the esti-

mated current requirement to 

protect the Forties structures and 

to enable a retroft cathodic protec-

tion system design to be produced. 

The selected cathodic protection 

system was a retroft ICCP system, 

which provided the most cost-ef-

fective solution for the provision of 

additional current capacity for the 

offshore platforms’ cathodic protec-

tion system.  

“That was installed in 2009 on the 

four main jackets and was primarily 

ftted because the assets were put 

in quite some time ago on a 25-year 

design life,” Duggan added. “The 

original sacrifcial cathodic protec-

tion systems were well beyond their 

design life. Before they became 

nonoperational, the decision was 

taken to put in the ICCP system to 

continue to cathodically protect 

the assets from a structural integrity 

point of view.”

The same year Apache also 

replaced the existing interplatform 

oil export line PL56, which trans-

In 2014 Apache retrofitted an SSIV system on the Cruden Bay pipeline, a system 

that enables if necessary the isolation of the Forties Charlie gathering platform 

from the 36-in. main oil export pipeline, for an additional level of protection. 
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ports processed oil spiked with con-

densates from the Delta platform to 

Forties Charlie. The existing 20-in. 

fowline was replaced by a fexible 

8-in. fowline (PL2570). As part of 

this upgrade both the Forties Char-

lie and Delta platforms had new 

topsides elements installed. The 

Forties Charlie platform also had a 

new pig receiver installed. 

Retroftted SSIV

Further highlighting Apache’s com-

mitment to safety, in July 2014 the 

company retroftted a subsea isola-

tion valve (SSIV) on the Cruden Bay 

36-in. pipeline by removing the exist-

ing spools in place. 

The retroftted system for the 36-in. 

pipeline consists of the SSIV struc-

ture, seven tie-in spools and a control 

umbilical that provides control and 

power to the SSIV. The SSIV system 

enables if necessary, and with suitable 

platform controls, the isolation of 

the Forties Charlie platform from the 

36-in. MOL Export pipeline. 

“The SSIV retroft project is part 

of Apache’s commitment to safety,” 

Duggan said. It was identifed that 

there was a real beneft in putting in 

an SSIV to give an additional level 

of protection. The Forties Charlie 

platform is one of the key gathering 

stations for the Forties pipeline sys-

tem. Our key priority is protecting 

our personnel and our assets, and 

last summer we commissioned the 

36-in. SSIV.”

To maintain the integrity of the 

subsea assets, inspections are carried 

out on a regular basis.

“Fugro is our preferred inspec-

tion contractor, so with ROV sup-

port vessels they have done quite 

an intensive inspection program at 

the Forties Field on the jacket struc-

tures themselves and the associated 

pipelines,” Duggan said. “Inspec-

tions are typically done every two or 

three years.”

Standardized subsea 
approach
With Apache’s proactive pursuit 

of new oil and gas accumulations 

in the Forties area, it has had to 

stay one step ahead of the game, 

including employing a standardized 

approach to subsea developments.

“One of the main things Apache 

did and continues to do is to con-

centrate on drilling to keep these 

repeat smaller targets producing 

hydrocarbons over the asset, which 

is all about cash fow and keeping 

them viable,” Duggan said. “To 

keep the assets operational, one of 

the key things has been seismic. A 

lot was reshot, including the use of 

4-D seismic, and a number of newer 

targets were identifed. Apache 

looked at some of these perceived 

uneconomical targets and realized 

that they could be produced if done 

in the correct manner.” 

Duggan also added that the way 

Apache manages projects “is to 

obtain a ‘ft-for-purpose’ design. We 

look to the industry, which man-

ufactures kit to hugely specialized 

guidelines, and we look at existing 

designs and make them suitable 

to our requirements. Typically our 

projects come in more cost-effec-

tively and quicker. Rate of return 

on investment is more attractive—

quicker and cheaper.”

Apache looks to the industry to 

supply and support equipment that 

meets its requirements and takes 

more off-the-shelf designs, he said. 

“The industry is starting to align 

with Apache and realizes that it 

does work and is more cost effec-

tive,” he added. 

Satellite tiebacks
Those subsea tieback satellites 

brought onstream in this manner 

include the Maule, Tonto and Bac-

chus felds.

The development plan for the 

Bacchus oil feld was sanctioned 

by the U.K. Department of Energy 

and Climate Control in June 2010. 

The project comprised three subsea 

production wells tied back to the 
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Apache has 14 infield pipelines to take care of on the Forties development. The Acergy 

Petrel is pictured alongside the Forties Bravo platform undertaking pipeline survey and 

inspection works.
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Forties Alpha platform via a 6.8-km 
(4.2-mile), 40.5-in. subsea pipeline 
bundle. The bundle contained two 
6-in. piggable production lines, 
two 4-in. produced water-reinjec-
tion/heating lines, a gas-lift line, 
scale squeeze, methanol pipelines, 
hydraulic lines, future chemicals 
and power/signal cabling.

The bundle, manufactured by 
Subsea 7, was installed in 2011 after 
being launched from the beach in 
Wick, Scotland. The subsea control 
system incorporates a hydraulic 
power unit and a master control sta-
tion to the topsides.

The topsides modifcations for 
the Bacchus project included pip-
ing systems, pig traps, a high-in-
tegrity pressure protection system, 
multiphase fowmeter, methanol 
and biocide packages, and controls, 
fre and gas upgrades. 

First oil from Bacchus was 
achieved in April 2012, with the sec-
ond well completed and subsea tie-
ins fnished in July 2012. In July 2013 
the third well was drilled and subsea 
tie-ins were completed with frst oil 
also fowing. In 2016 the frst well 
will be converted to water injection.

Impressively, Bacchus was devel-
oped subsea at a cost of $22 million 
per well slot, a fgure substantially 
lower than what most North Sea 
operators could achieve.

Also in 2013 Apache brought 
the Tonto Field onstream via the 
deviated Tonto-1 well, drilled from 
the Forties Bravo platform. The 
well also taps into the Eocene-aged 
Brimmond reservoir above the main 
Forties reservoir. 

Aviat advances
A current project ongoing for the 
Forties team is the development of 
the Aviat gas feld. Aviat is a shallow, 
low-pressure, low-temperature gas 
reservoir (traditionally seen as a 
drilling hazard) located about 23 

km (14 miles) to the east of the For-
ties Alpha platform in Block 22/07.

The objective of the feld develop-
ment is to produce gas to the For-
ties Alpha platform for use as fuel 
on the Forties Alpha main and satel-
lite platforms as well as the Charlie 
and Forties Delta platforms via the 
power and gas ring main. 

“The plan is that gas from Aviat 
will be used in the feld and is not 
primarily for export. It minimizes 
the need to import gas and will 
dramatically reduce the amount of 
diesel that needs to be imported 
and bunkered. We still have the die-
sel generators for backup demand, 
however. By producing Aviat more 
than 15 years, it will help to keep 
these older assets viable by mini-
mizing the actual operating costs,” 
Duggan said.

The pipelay vessel Lewek Express 

carried out the spooling of the main 
23-km pipeline, and the manifold 
structure and controls umbilical 
also were installed as part of a four-
week campaign. That work was 
carried out in third-quarter 2015, 
with the tie-ins of the Forties Alpha 
jacket then taking place. 

Securing the future
The plan is for two wells to be 
drilled on Aviat starting in sec-
ond-quarter 2016 or third-quarter 
2016, fnishing by around August 
2016, with frst gas to follow soon 
after. FEED was completed in Feb-
ruary 2015 for Aviat, with detailed 
design and engineering wrapping 
up in September 2015.

Other related work has seen 
12-in. and 20-in. bellmouths 
installed in July 2015, with mattress 
crossing installation also taking 
place, along with pipeline welding 
and fabrication. A total of 1,892 
welds were completed.

The installation of the 23-km, 
8-in. pipeline, 23-km controls umbil-

ical, fexible riser, SSIV and manifold 
structures began in September 2015, 
with pipeline pig cleaning, gauging 
and conditioning also taking place.

When the Aviat Field does come 
onstream later in 2016, it will be yet 
another example of Apache think-
ing a little differently than everyone 
else to keep Forties pumping. “It’s 
all about securing the future of the 
assets,” Duggan said.

Different approach
Apache’s North Sea projects group 
manager, Mark Richardson, high-
lighted a subsea example of exactly 
how the company has approached 
things from a different angle. 

The operator had a requirement 
for a retroft subsea choke valve, with 
installation required by December 
2015, with a given valve lead time of 
22 weeks. 

The traditional contractors 
approach saw Apache eventually 
receive a proposal for a 7-m by 7-m 
(23-ft by 23-ft) over-trawlable struc-
ture with a planned delivery date 
some eight weeks after the specifed 
date. It also came with a required 
installation sea state of 1.2 m (4 ft) 
and the use of a metrology spool. 
The engineering quote was $174,000 
with a fabrication cost of $732,000. 

Apache, looking to move faster 
than this, decided this was not 
acceptable and went back to the 
market seeking a new approach. The 
end result was that it then received 
and proceeded with a ft-for-purpose 
solution from another provider 
delivered by its original specifed 
date that also was able to handle 
installation in a sea state of up to 3 m 
(10 ft) and with no metrology spool.

The end result? An engineering 
cost of $45,000 and a fabrication 
cost of $75,000. “Technology has 
its place, but currently it’s not the 
whole answer,” Richardson said. 
“It’s about how we do things.”  n
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F
orties, Ekofsk, Lula and Ghawar 
are all felds that have helped to 
shape the fortunes of nations. 
While two are found in much 

warmer climates, the other two—For-
ties and Ekofsk—lie deep below the 
frigid waters of the North Sea. 

For the U.K, the Forties Field was 
and remains the nation’s largest 
oil discovery. It is a feld that once 
onstream in 1975 helped to raise the 
U.K. into an eventual era of better 
prosperity after the diffcult recession 
years of the 1970s.

With about 5 Bbbl of original oil 
in place and a massive 2.73 Bbbl 
of oil produced so far since its 
startup, the world-class feld was 
operated by BP until 2003 when 
Apache Corp. purchased a 97.14% 
interest in the feld for $630 mil-
lion and took over operatorship. 
Production had dwindled from 
its huge peak of 500,000 bbl/d in 
its heyday of 1979 to about 40,000 
bbl/d by 2003, with 2.48 Bbbl of 
oil produced in total at the time of 
the sale.

Since its purchase of the feld, 
Apache has worked its magic on the 
whole Forties asset, undertaking a 
massive renovation of the fve pro-
duction platforms, while later adding 
a satellite platform and installing 
new subsea infrastructure. These 
and many other improvements large 
and small have dramatically restored 
and maintained the feld’s previously 
declining production rates, while 
extending the life of this grande dame 
of the U.K. North Sea far beyond 
probably even the wildest dreams of 
BP’s managers when it frst undertook 
this pioneering project. 

Starting over
When it comes to developing a plan, 
working with a clean sheet of paper—
while preferred—is not always pos-
sible. For the Apache team, putting 
together the redevelopment plan for 
Forties was more than just putting 
pencil and slide rule to paper. It 
required a willingness to embrace the 
radical shift to a feet-footed interna-
tional oil company intensely focused 
on quickly delivering results for its 
shareholders.

“We always knew what we wanted 
to do. We had many options, but 
in the past the money wasn’t always 
available to spend in the Forties Field 
and trying to get jobs sanctioned—
like wireline intervention or coiled 
tubing—was diffcult,” said Ross Little-
wood, production engineering team 
lead for Apache North Sea. 

However, once Apache became 
involved, fresh investment started 
fowing into the venerable project, 
with that process now having seen the 
operator invest close to $4.6 billion up 
to the present day. 

‘Can-do attitude’
But it was more than just paying out 
money. According to Littlewood, 
Apache brought a new way of think-
ing to the Forties project. “There was 

Like the grand castles of old, the Forties Field faced possible 

extinction, but inspired thinking breathed and continues to 

breathe fresh life into the grande dame of the U.K. North Sea.

Jennifer Presley, Senior Editor, Production

The Rowan Gorilla VII heavy-duty jackup rig drills over the Forties Echo platform, as part 

of Apache’s constant focus on an active infll drilling program and well workovers. Field 

production was averaging about 50,000 bbl/d in 2015 as E&P went to press. (Photo 

courtesy of Apache Corp.)
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the fnancial change but also more 

of a ‘can-do’ kind of attitude and 

a realization that things could be 

accomplished more quickly than in 

the past,” he said.

Immediately after the purchase 

Apache was in charge of operating the 

feld from day one. “We had access to 

all the old well fles, completion dia-

grams, technical documentation and 

more,” Littlewood said. “Quite a lot 

of the BP Forties people transferred 

across to Apache; we were all eager to 

begin the rejuvenation process of the 

feld and begin a new chapter in the 

already-successful history of Forties.” 

By combining the wealth of histori-

cal information now at their fngertips 

and new data—like the 4-D seismic 

surveys Apache conducted—with 

modern-day tools, the production 

engineering team was able to get a 

clearer picture on the direction to 

take on several issues, with artifcial lift 

being one.

ESP efciencies

“On the production engineering side, 

we challenged the old way of think-

ing with the gas-lift wells,” he said. 

“We saw that by running simulations 

and by asking questions like, ‘What 

would be the production beneft of an 

electric submersible pump [ESP] on 

this well instead of gas lift?’ or ‘What 

would be the beneft if we increased 

the drawdown in this well?’ that we 

could start to develop an idea of the 

price of running more ESPs instead of 

gas lift and what the production bene-

ft of doing so would be.” 

ESPs proved to be a highly eff-

cient—but more challenging—path 

to increased production. 

The many teams at work on the 

Forties project had their own unique 

mission objectives. For the production 

engineering team, coaxing more oil 

from the aging sandstone reservoirs as 

quickly and effciently as possible was 

top priority.  

Forties was, of course, originally 

developed with four platforms (Alpha, 

Bravo, Charlie and Delta) each with 

full separation and export pumping 

facilities. Each platform was stand-

alone and exported oil directly 

to the Forties pipeline system 

(FPS). The ffth platform—For-

ties Echo—was brought online 

in 1987 and was set up with ESPs 

in all wells with production man-

ifolded and sent to Forties Alpha 

for separation and fnal export 

pumping. Direct export from 

each platform into the FPS was 

discontinued in the mid-1990s, 

with processed crude from the 

platforms sent at reduced pres-

sure and combined at Forties 

Charlie before being boosted in 

pressure for export into the FPS. 

This changed signifcantly 

under Apache’s stewardship. 

For example, Forties Bravo was 

converted entirely to ESPs. In 

2014, installation of the Forties 

Alpha Satellite Platform (FASP) 

was completed, providing 18 new 

well slots, additional liquids process-

ing and gas compression capacity for 

the original Alpha facility, and extra 

power generation for the feld. There 

are currently fve gas-lifted wells tied 

into the FASP and more are being 

drilled using the Rowan Gorilla VII 

jackup rig, according to Littlewood.

Increased production
“When Apache came in, we ran more 

ESPs in the feld as we realized the 

ESPs were able to give us increased 

production rates over the traditional 

gas-lift wells,” Littlewood said. 

“While Forties Echo was purely 

ESPs, the other platforms were mainly 

gas-lift wells. And then the drilling 

spread from Echo onto the other 

platforms in the Forties Field, plus 

running more ESPs, that’s when we 

started to increase the production 

rates from about 40,000 bbl/d up to 

about 75,000 bbl/d.” 

The combined impact of an active 

program of infll drilling, workovers 

and facilities upgrades had managed 

to increase production from 40,000 

With about 240 MMbbl of oil produced since Apache took over the Forties Field in 

2003, more than 120 MMbbl of that has come from Apache-drilled wells. Not bad for 

a field that, when acquired, was estimated to only have 144 MMbbl of recoverable 

reserves remaining. (Graph courtesy of Apache Corp.)
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bbl/d in 2003 to a peak of 81,000 
bbl/d by 2008, with an annual average 
production that year of 61,700 bbl/d. 
The annual average production in 
2014 was 49,000 bbl/d, while year-to-
date production in 2015 was about 
50,000 bbl/d, Littlewood said.

“One of the great things with the 
ESPs was that the pumps were able to 
provide really high production rates,” 
Littlewood said. “Depending on the 
well, if you were to run a gas-lift com-
pletion with the gas that we had avail-
able for artifcial lift, then you could 
have possibly produced 5,000 bbl/d 
to 6,000 bbl/d. If you were to install 
an ESP into that well, we’d get 8,000 
bbl/d to 9,000 bbl/d of fuid, includ-
ing water. You can start to see straight 
away the beneft of running ESPs.” 

Sand-control challenge
“We installed a lot more ESPs into 
newly drilled wells and even worked 
over some of the gas-lift wells and 
installed ESPs,” he said. “But one of 
the problems from doing that is the 
Forties reservoir produces quite a lot 
of sand, and generally ESPs don’t like 
sand. We started to get quite a lot of 
ESP failures due to sand blockages 
and erosion.”

The impact of sand production 
on well productivity can be highly 
variable. As a result of a sand control 
review, the focus on selecting the cor-
rect sand control method and improv-
ing job execution increased, with the 
company bringing in an in-house 
expert to manage the work. In addi-
tion, advancements in ESP design and 
deployment were made.

“We improved the specifcation of 
the ESPs, for example, using better 
materials, more bearings, higher spec 
motors and better electrical cables,” 
Littlewood said. “It also led to the 
drilling team installing more sand 
control in the ESP wells. Then with 
that we were able to more than dou-
ble the runlife of our ESP wells.”

In addition to its distinction as the 
largest oil feld in the U.K. Continen-
tal Shelf, the Forties is the largest feld 
produced by ESPs in the North Sea, 
according to Littlewood.

“When Apache took over as feld 
operator we had maybe seven or eight 
ESPs online. Now, we have more than 
60,” he said. “We really have capital-
ized and realized the beneft of ESPs. 
From the early days we looked at the 
old production data and said, ‘Right, 
if we had an ESP in this well, what 
would it produce?’ We just brought it 
forward from there basically.” 

Facilities upgrade
As part of the facilities upgrades in the 
early 2000s, the original power gener-
ation from multiple standalone gener-
ators distributed around the platforms 
was replaced by two turbines on For-
ties Alpha and Charlie. 

Electrical power and fuel gas are 
redistributed among the platforms 
as necessary via the Apache-installed 
subsea power and gas lines. This 
power and gas ring main allowed the 
company to simplify facilities as well as 
increase effciencies.

“To begin with the Forties Field was 
shutting down every couple of days,” 
Littlewood said. “You were frequently 
in some sort of recovery mode. The 
effciency of the platforms was low 
due to lots of older equipment. With 
the new power and gas ring, we were 
able to simplify by removing the 
older equipment. We started to see 
platform effciencies increase. That’s 
been one of the huge success stories 
of Apache.”

Since 2003 when Apache took over, 
operational effciency has been raised 
from 70% to 93.5%, according to 
Littlewood. “For what is effectively the 
oldest feld in the U.K. North Sea, it’s 
one of the most effcient because of 
the money that’s been invested and 
because of the equipment and project 
work that’s been carried out,” he said. 

“Installing new power generation and 
then the power ring main have been a 
key part of that.”

Future plans
In September 2011, Apache pur-
chased the Beryl Field asset from 
Exxon Mobil for a reported $1.75 
billion and set about applying the 
template for its success at Forties to 
that feld. But their attention remains 
just as focused on continuing to run 
Forties as effciently as possible.

“These days Forties produces about 
53,000 bbl/d typically, and that’s 
dropped from about 75,000 bbl/d to 
80,000 bbl/d that we were doing fve 
to six years ago,” Littlewood said. “We 
do not produce suffcient gas from 
the oil that we’ve produced to run all 
our power machinery or the turbines 
that use the gas as fuel, which means 
we have to supplement this by burn-
ing some diesel. Diesel is expensive. It 
is diffcult to get a supply vessel sailing 
out to the platform to refuel—there is 
a big cost associated with that.” 

The discovery of the Aviat shallow 
gas feld in 2010 provided the Apache 
team with an opportunity to cut those 
diesel costs. “The Aviat gas feld will 
be tied back to the Forties Alpha plat-
form. It will provide fuel gas to the 
platforms to make sure we can burn 
our own gas as fuel and not have to 
rely on diesel or imported gas, which 
you then have to pay a premium,” Lit-
tlewood said. 

Aviat is yet another example of how 
Apache continues to innovate on one 
of the North Sea’s oldest producing 
felds, following on from other satel-
lites it has tied in to Forties since the 
acquisition and which are still pro-
ducing such as Maule and Tonto (3.7 
MMbbl of oil produced so far) and 
Bacchus (10 MMbbl of oil produced 
so far).

Forties, a feld of undeniably vener-
able age, looks set to keep producing 
for many years to come. n
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Ivan Wang, Dynamo Micropower 

L
ast winter was yet another tough season for well 
operators in the Bakken. With temperatures con-

sistently at or below -29 C (-20 F), operators are 
required to provide heat on site to keep the person-
nel warm and pumps working or they risk losing sig-
nifcant amounts of revenue through lost production. 
Operators currently bring in diesel-fueled fameless 
heaters to provide portable heat. This older technol-
ogy provides suffcient heat, but the cost of diesel fuel 
can be up to $10,000 per month per well, and mainte-
nance can add an additional $5,000 per month.

The team at Dynamo Micropower visited Bakken 
oil well operators in February 2014. Dynamo person-
nel saw their struggle with winter conditions and also 
saw an immense untapped resource in the gas wasted 
through flaring. The operators all wanted a product 
that could turn flare gas into useful heat, but there 
were no such products in the market that could at 
the same time meet the tough demands of the oil 

and gas industry in terms of uptime and reliability. 
Ultimately, the operators were looking for a heater 
that provided the same or better performance, low-
ered their maintenance time and costs, and reliably 
ran on locally available fuels ranging from propane 
to wellhead gas.

Product development
The team focused in particular on reducing operating 
cost and increasing reliability. The result was the Turbo-
Core TC700H, a unique fuel-fexible gas turbine engine 
specifcally designed and built to provide well operators 
with portable heat in cold climates. Dynamo’s manufac-
turing partner, Multitek Inc., integrates the TurboCore 
TC700H into a complete fameless heater. Multitek’s 
frst product, the MT700C Air Heater, has the following 
specifcations and features:

• High performance: up to 700,000 Btu/hr of heat and 
141 cu. m/min (5,000 cf/min) of air fow;

• Compactness: the fameless heater is 30% to 50% 
smaller than competing heaters of the same per-
formance;

• Fuel-fexible: the system accepts a variety of gas-
eous fuels, including CNG, propane and fare gas;

• The ability to set it and leave it: the control 
system automatically maintains the desired heat 
output regardless of the type of fuel source or 
fuel quality;

• Reliability: the system has very little mechanical 
wear, is highly reliable and requires maintenance 
only a few times a year; and

• Less noisy: the heater produces no more and 
generally less noise than competing heaters of the 
same performance.

TurboCore technology is delivered in two compo-
nents: the TurboCore engine and TurboCore control 
system. The engine is built around an automotive-type 
turbocharger and a proprietary combustion chamber. 
The combustion chamber geometry is specifcally 
designed to improve air-fuel mixing and achieve 
greater combustion stability over a wide range of fuel 
inputs, from 31,770 Btu/scm (900 Btu/scf for natural 
gas) to 84,720 Btu/scm (2,400 Btu/scf for propane). 

Fuel-flexible flameless heater burns 
flare gas    
New system reduces operating costs by 50%.

Operators need to provide onsite heat to keep personnel 

warm in North Dakota’s chilly winters. (Source: Roman Tsubin/

Shutterstock.com)
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As a result, the engine is truly fuel-fexible and can 
burn a very wide range of fuel types without needing 
to change any hardware. The turbocharger has only 
one moving part and achieves very high mean time 
between failures with a passively lubricated bearing 
system. Furthermore, gas turbines are inherently more 
power-dense than reciprocating engines, and the 
engine produces equivalent heat output with a much 
smaller package.

The control system interfaces with an 
electronically controlled fuel valve and 
adjusts the valve setting to continuously 
maintain the desired heat output. The 
control system can do this without any 
knowledge of the type of fuel coming into 
the heater, whether it is natural gas, well-
head gas or propane. The operator never 
has to worry about what type of fuel is used 
to run the heater.

Multitek’s fameless heater mixes the 
TurboCore engine exhaust with ambient 
air drawn by a supply fan. The heater pro-
duces heat very effciently because nearly 
all of the energy in the fuel is converted 
to useful heat. Gas turbine engine exhaust 
also has a higher temperature than diesel 
engine exhaust, so the fameless heater 
can achieve higher temperatures than 
competing heaters. Lastly, the exhaust catalytic con-
verter keeps emissions in the heated air well within the 
Occupational Safety and Health Administration recom-
mended levels and also reduces total wellsite emissions 
when compared to diesel-fueled heaters. An additional 
heat exchanger can be installed as a part of the fame-
less heater to produce completely clean warm air.

Case study
In 2015 Multitek Inc. built four preproduction units 
of the MT700C fameless heaters incorporating the 
TurboCore TC700H. The heaters were then taken 
throughout the Midwest and the Bakken and were 
tested on site with distributors and operators. The 
heaters received considerable positive feedback from 
these customers during preproduction trials. Custom-
ers praised the simplicity of the unit, smaller package 
and improved performance compared to competing 
heaters in the market. More importantly, customers 
experienced substantially reduced operating costs 
by using natural gas or wellhead gas to produce heat 
rather than the diesel fuel required by competing 
products. Well operators ultimately saw savings of up 
to $10,000 per month (equivalent to 50% of operating 
cost for heating) by using the product.

After successfully proving the value proposition of 
the fare gas-burning gas turbine technology in the 
heater market, Dynamo is now focused on commer-
cializing its PowerCore products, a line of electric 
power generators that run on fare gas. The frst 
Power Core product is a 10-kW generator that can be 

used in a variety of oil and gas applications, including 
small pumps, auxiliaries at well pads and cathodic 
protection for pipelines.

Ultimately, the company believes that its technolo-
gies can provide opportunity to save more than $2/bbl 
in production expense, resulting in signifcant savings 
for the oil and gas industry. 

The complete fameless heater, shown operating on propane in the 

feld, is fuel-fexible and can operate on propane, CNG, pipeline gas 

and wellhead gas. (Source: Dynamo)

The TC700H, the heart of Multitek’s MT700C fameless heater, 

produces 700,000 Btu/hr in an extremely small package. The 

entire length of the unit is about 1 m (3 ft). (Source: Dynamo)
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Chris Mills, NEL

A
s drilling and production technology improves to 

better exploit HP/HT reservoirs, the ability to accu-

rately measure the fow of oil and all the other associated 

fuids at these elevated temperatures and pressures also 

must improve. 

One immediate challenge that has arisen is the fact that 

the temperature and pressure of oil and liquids produced 

from a reservoir such as this might differ considerably 

from standard calibration laboratory conditions. Never-

theless, to date, standard practice for calibrating fow- 

meters in the offshore industry has been to attempt to 

match fuid viscosity followed, if possible, by the fuid 

temperature and pressure. 

Matching all parameters has seldom been possible due 

principally to limitations set by the existing calibration 

facilities. Limitations such as fow-rate range, temperature 

range, pressure range and even the calibration fuid phys-

ical properties mean that few laboratories can meet all 

customer requirements. Historically, in fact, the parame-

ters that have most often been matched are the fow rate 

and fuid viscosity. 

Limitation
A limitation of this approach is that temperature and 

pressure variations are known to have a potentially sub-

stantial effect on the measurement performance of certain 

fowmeter technologies. 

Moreover, different technologies exhibit diverse sensi-

tivities to temperature and pressure, all of which might be 

critical to the overall determination of the measurement 

uncertainty. While increased pressure at service condi-

tions compared to calibration conditions might cause one 

measurement technology to undermeasure the fow rate, 

another technology might overmeasure it. There also have 

been results that show that manufacturer-specifc fow- 

meters of the same technology can exhibit completely dif-

ferent responses to temperature and pressure variations.

One fowmeter technology that NEL has researched 

based on the effects of temperature, pressure and viscosity 

is the Coriolis fowmeter. These are increasingly being 

used for precision fow measurement. Manufacturers of 

these devices already state that their fowmeters have com-

pensation built into the fow computer of the device to 

allow for the effects of temperature and pressure. 

However, a lot more work is required due to limited 

published low-measurement uncertainty data. Other fow 

measurement technology manufacturers publish compen-

sation factors, which are claimed to be robust and reliable, 

yet when specifc performance claims are made without 

signifcant, independent and verifable data, confusion 

might understandably arise.

Testing times for HP/HT calibration 
challenge   

The upstream industry’s efforts to extract more offshore oil and gas from HP/HT reservoirs 

around the world means a growing requirement for equipment up to the job of calibrating 

and measuring these fuids.

OFFSHORE 

SOLUTIONS

Total’s Elgin process, utility and quarter platform and the bridge-

linked Elgin wellhead platform (with the Rowan Viking drilling rig, 

left, alongside), along with the linked Franklin platform, currently 

represents the world’s largest offshore HP/HT project since com-

ing onstream in 2001. The West Franklin reservoir is the world’s 

hottest, highest pressure reservoir, with a temperature of 197 C 

(387 F) and a pressure of 16,752 psi. (Source: Total)
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Regulation requirements
In Issue 9.2 of the Guidance Notes for Petroleum Mea-

surement under the Petroleum (Production) Regulations 

2015, the UK Oil & Gas Authority (OGA) has stipulated 

that temperature and pressure compensation applied to 

any fowmeter between its calibration conditions and its 

operating conditions shall be “agreed in advance with 

OGA” and also “traceable and auditable.”

These requirements represent a signifcant administra-

tive move toward ensuring that metering performance 

is matched to the conditions under which the installed 

fowmeters operate, thereby minimizing the possibility of 

errors due to potential mismatch.

With regard to global regulation requirements, there 

appears to be a current lack of awareness of the substantial 

mismeasurements that calibrating at alternative fuid tem-

perature and pressure conditions can potentially cause. 

While there are not yet detailed requirements for traceable 

“temperature and pressure compensation” in other oil- 

and gas-producing regions, this is partly due to a lack of 

awareness of the potential consequences. This is a result of 

there being little traceable independent research publicly 

available highlighting this key issue.   

Meeting the challenge
Importantly, while there has been some research into 

the performance of fowmeters at HP/HT, only a small 

amount of independent and traceable data exist.

Furthermore, the independent data that are publicly 

available only document the performance of certain meter 

types and sizes. Meter size is believed to be a key factor in 

the performance of Coriolis fowmeters at altering tem-

peratures and pressures. Because of this, it is not possible 

to extrapolate the performance of fowmeters and fow-

meter types due to the limited datasets and subsequently 

claim a performance for the device at different conditions.

As the custodian of the U.K.’s National Flow Measure-

ment Standard, NEL is currently commissioning an HP/

HT liquid fow facility. It has been specifcally designed 

to facilitate the performance of fowmeters at elevated 

pressures and temperatures, thereby bringing standard 

commercial calibrations much closer to actual service con-

ditions. The facility will be able to calibrate fowmeters for 

the industry at fuid temperatures from ambient up to 82 

C (180 F) and fuid pressures from 58 psig to 1,450 psig. 

Flow rates from 0.36 cu. m/hr (12.71 cf/hr) to 360 cu. m/

hr (12,713 cf/hr) means that a large selection of fowmeter 

sizes will be able to be calibrated at service conditions.

Research plans
Future planned research enabled by the HP/HT test rig, 

which is supported by fully traceable reference instru-

mentation, will provide a platform to create signifcant 

datasets that were previously diffcult to source. This 

will lead to a better understanding of how temperature 

and pressure affect measurement uncertainty, as seen by 

many of the widely used fow measurement technologies 

in use currently. 

The most suitable fow measurement technologies for 

HP/HT might well be those frmly established techniques 

such as Coriolis, ultrasonic, turbine or positive displace-

ment devices. But only independent traceable low-mea-

surement uncertainty research can confrm whether or 

not this is the case. Likewise, it might be possible that con-

ventional liquid fowmeters cannot simply transfer their 

performance from low-temperature and/or low-pressure 

conditions to HP/HT service without suitable consider-

ation, characterization or possibly modifcation. 

Design differences
Furthermore, the performance of devices of the same tech-

nology (i.e., Coriolis or ultrasonic fowmeters) might not 

necessarily be similar to one another due to the many and 

varied differences between designs. Flowmeter material, 

sizing effects and internal corrections all need to be taken 

into account.

The answers to all these questions require planned, com-

prehensive and thorough broad-spectrum research. In the 

future it might even be possible to assure OGA and other 

global oil and gas regulators that a return to calibration 

under ambient conditions will be possible. 

But this will require a lot of further research for pressure 

and temperature effects to be better understood and suit-

able correction strategies to be developed. 

OFFSHORE 

SOLUTIONS

This schematic shows the design of the new high-pressure 

liquid calibration test loop at NEL, designed to facilitate 

the performance of fowmeters in HP/HT conditions. 

(Source: NEL)
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Stuart Large, Fotech Solutions

C
onversations about the falling oil prices are dom-

inating the industry, and with experts predicting 

that this decline could continue for at least a decade, 

operators are more focused than ever on improving pro-

duction effciency in unconventional plays. 

It has been forecast that on average only 8% of a reser-

voir’s oil is being recovered from shale wells, and many 

do not produce at every frack stage. This means that as 

the cost per barrel plummets, an increasing number of 

wells are simply not economically justifable. As such, a 

crucial priority for operators moving forward 

is to reduce the breakeven point on every well 

while maximizing recovery rates.

Hydraulic fracturing is fundamentally diff-

cult to monitor and, until recently, well engi-

neers have had limited visibility of the process. 

This has resulted in an ongoing ambiguity 

around various subsurface parameters, includ-

ing cluster contribution, interference remedi-

ation and fracture propagation geometry. To 

overcome this challenge, operators need action-

able and precise real-time data that give them 

an oversight of fundamental frack processes to 

ensure that operations are being carried out as 

safely as they can be as well as allowing engineers 

to react quickly and effciently should any down-

hole issues arise. 

As a result, there is growing adoption and implemen-

tation of the new sensing technologies that can monitor 

completion and production processes. The distributed 

acoustic sensor (DAS) is one such technology that adds 

a new layer of intelligence to the fracking procedure. In 

conjunction with distributed temperature sensors and 

microseismic monitoring, the technology provides oper-

ators with a multidimensional understanding of well con-

ditions and, most importantly, they remove the guesswork 

from downhole operations.

Fundamentally, by informing and accelerating the deci-

sion-making process with real-time insights, DAS reduces 

the production cost for each well and ensures that frack-

ing provides a fnancially viable and sustainable source of 

energy amid uncertain market conditions. 

How does DAS work?
A DAS is a ground-based interrogator unit of light 

backscatter. By sending pulses of light along fber-optic 

cable, normally many thousands of pulses a second, the 

DAS continually receives a small amount of that light 

in the form of backscatter. When sound and vibrations 

disturb the casing of the fber, the characteristics of 

that backscatter are changed. The DAS interrogates the 

backscatter for those changes to identify and locate  

the disturbance. 

The DAS can be deployed onto new wells or ftted 

retrospectively onto existing ones through intervention 

methods such as slickline, coiled tubing or wireline. 

Here the acoustic disturbance at each point along the 

fber allows engineers to “visualize” and record what is 

going on downhole in real time. 

Importantly, the DAS not only allows changes to an 

operation to be made in real time, but it also provides 

backdated information of the well’s performance over 

a longer period of time that engineers can analyze and 

use to optimize future fracks. The data that the DAS 

delivers are a fundamental tool for operators if they are 

to wholly understand well integrity and the completion 

and production stages. 

DAS is crucial for hydraulic  
fracturing operations
Sensors supply much-needed real-time information.  

Monitors allow engineers to make adjustments in real time. (Source: Fotech)
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Enhancing the frack procedure
The DAS adds value to the frack procedure from the 

very beginning of the operation, starting with monitor-

ing the wireline logging equipment that is ftted into the 

well. For example, the DAS can reassure well engineers 

that the devices to set the packers are on depth, the 

perforating guns fre as they are supposed to and, in a 

traditional plug-and-perf operation, the fracture ball is 

seated correctly. 

By delivering a live record of the operation, the DAS 

provides engineers with more clarity than before and 

gives a clear signal of a successful frack in the exposed 

formation. A key challenge for well engineers is deciding 

how much pressure to pump into the frack and optimiz-

ing pumping application. 

This is a delicate procedure since pumping too quickly 

and prematurely risks breaking the cement rather than 

penetrating the formation as it should. Moreover, errors in 

the pumping application could risk completely removing 

the fracture from the chosen formation, which creates 

huge losses of time and resource. The DAS plays a funda-

mental role in minimizing cement damage and keeping 

the frack within the right stage, essentially helping opera-

tors cooperate with the demands of the operation rather 

than working against them. 

However, that’s not all. With an accuracy of 1 m to 2 m 

(3.3 ft to 6.6 ft), the DAS not only provides sophisticated 

insights throughout the operation to help engineers fully 

optimize the frack, but it also alerts operators of any down-

hole activities that need to be addressed. This could be 

where integrity issues such as a breakdown in the cement 

are causing cross-stage communication issues and opening 

up previously fracked stages to frack fuid. Of 

course, this subsequently results in a signif-

cant amount of wasted resource. 

The DAS alerts operators as soon as these 

issues begin, allowing them to make adjust-

ments in real time and continue an effcient 

operation. This is one area where the DAS 

is particularly valuable since it minimizes 

the amount of proppant and water needed 

for each frack operation and therefore sig-

nifcantly lowers the production costs for 

each well. 

Analysis process 
While real-time monitoring tools are import-

ant to optimize frack operations immedi-

ately, operators also are looking at ways to 

maximize production at each well site. To 

this end, there is an increased interest in the 

industry about refracking existing wells. However, as the 

process remains an intricate and complicated one, tech-

nologies such as the DAS are essential since the risks of 

leaks and cracks in the cement are much more common in 

refrack operations. As a result, operators need clear visibil-

ity of whether refracks are necessary or if wells are produc-

ing optimally already.

Fotech’s Helios DAS system provides a comprehensive 

data report within half an hour of completing a frack stage, 

giving engineers real-time information on how much sand 

and fuid each zone is taking. This enables operators to 

incrementally enhance the production of each stage to 

ensure each well is achieving its maximum potential. 

The data collected by the DAS over a series of opera-

tions can be used by engineers to determine operational 

ineffciencies and identify where changes can be made 

to improve future operations. Beyond this, it is also possi-

ble to gain a new insight into fow profles and reservoir 

response to surface operations by comparing acoustic 

and distributed temperature data over a prolonged 

period of time. Any detected anomalies will pinpoint 

operational issues that can then be quickly identifed, 

located and addressed.  

As market conditions remain unpredictable, invest-

ment in surveillance technologies such as the DAS are 

essential to maximize production and identify operating 

problems quickly and effectively. The real-time insights 

that the DAS provides are crucial at a time when margins 

are squeezed, production effciency is more important 

than ever and operators need to capitalize on the tools 

available to them to ensure a brighter future for the oil 

and gas industry.  

The DAS instrumentation continually receives a small amount of light in the form 

of backscatter. (Source: Fotech)
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Satinder Chopra, Arcis Seismic Solutions and  

Kurt J.Marfurt, University of Oklahoma

S
pectral decomposition of seismic data is widely used 

for analysis of subtle stratigraphic plays and fractured 

reservoirs. The seismic data are transformed from the time 

domain to the frequency domain to generate the spectral 

magnitude and phase components at every time sample 

within the seismic data bandwidth. The spectral magnitude 

and phase components are then interpreted at different 

frequencies, which is similar to interpreting the subsurface 

stratigraphic features at different scales. Alternative meth-

ods include the traditional Fourier transform, continuous 

wavelet transform, S-transform and matching pursuit work-

fows, each having its own limitations and merits. 

Although introduced 20 years ago, the spectral voice 

components have rarely been used in the seismic indus-

try. The voice components can be considered as band-

pass-fltered versions of the seismic data. In the frequency 

domain, the bandpass flter for a given frequency, f, is 

defned by a Gaussian spectrum with mean μ=f and with 

standard deviation σ=f such that the bandwidth of the 

voice component increases as the frequencies increase 

from the lower end of the bandwidth to the higher end. 

The corresponding wavelet is called a Morlet wavelet. 

Figure 1 shows a comparison of vertical sections from 

the input seismic data, its spectral magnitude at f=50 Hz 

and its corresponding voice component. Notice that the 

vertical discontinuity information is not clearly seen on 

the spectral magnitude since the amplitudes are similar 

on either side of the fault. Instead, the discontinuity infor-

mation is contained in the 50-Hz phase component, which 

is sensitive to the vertical time shift in the refection event. 

The voice component combines the magnitude and phase 

information and clearly shows the fault. This observation 

could be exploited by either interpreting the discontinuity 

information as such or by running discontinuity attributes 

such as coherence on the voice component volume.

Figure 2 shows a comparison of the coherence strat-slice 

displays computed from the broadband input seismic data 

and the narrow-band voice components at 65 Hz, 70 Hz 

and 75 Hz. Notice the clarity in the defnition of the dis-

continuities of the voice components coherence displays. 

Such images provide a means of delineating subtle faults 

with small offset that might be overlooked on the input 

data. A drawback of this approach is that the interpreter 

now has multiple frequency volumes to interpret, increas-

ing the interpretation workload. 

Workload ease
The most common use of spectral component magnitudes 

is to map stratigraphic objectives at or below the limits of 

seismic resolution on seismic stratal slices. Specifcally, the 

time thickness of a channel often can be estimated to be 

T=1/(2fpeak), where fpeak is the frequency of the spectral com-

ponent having the maximum magnitude. More complete 

information on seismic geomorphology can be gained by 

animating through a suite of frequency components or 

by combining three frequency components using an RGB 

color scheme. Figure 3a shows such a display, where the 

coherence attribute computed from the 65-Hz, 70-Hz and 

Adding value to spectral  
decomposition   

Spectral balancing of seismic data furnishes detailed and crisp information at specifc fre-

quencies that is amenable to more accurate interpretation.

FIGURE 1. Equivalent segments of vertical sections from (a) input 

seismic data, (b) spectral magnitude at 50 Hz and (c) voice com-

ponent at 50 Hz indicate vertical discontinuities in the highlighted 

portion that are poorly seen in the original broadband data and 

are not clearly seen in the spectral magnitude component but are 

clearly seen in the voice components. White arrows indicate the 

level of the time slice in the next fgure. (Source: Arcis Seismic  

Solutions, TGS)
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75-Hz voices have been merged using red, green 

and blue (RGB) colors. By doing so, the detailed 

discontinuity information available in the three 

different attributes can be integrated into one 

display. Where the coherence anomaly appears 

on all three components, we get black. How-

ever, where the anomaly appears on only one 

component, we obtain the corresponding color. 

Finally, where the anomaly appears on two of the 

components, we obtain a cyan-, yellow- or magen-

ta-blended color. Given this observation, note 

that anomalies that are absent in one of the components 

are “flled in” when plotted together using RGB. 

While RGB color addition provides a means of graphi-

cally combining three components of information, prin-

cipal component analysis provides a numerical means 

of achieving a similar result. Since the input volumes 

(the coherence images shown in Figures 2b-d) enhance 

structural edges, principal components will highlight the 

most important structural trends consistent in the three 

data volumes. Mathematically, the coherence volumes 

are cross-correlated with themselves and each other, 

forming a 3 by 3 covariance matrix. The frst eigenvec-

tor of that matrix represents the linear combination of 

the three input attributes that best represent the energy 

variability of the three volumes. The frst principal com-

ponent is the correlation between this frst eigenvector 

and the three values at each data sample (or voxel). For 

good-quality data, one would expect the same fault to  

be seen on closely spaced (60-Hz, 65-Hz and 70-Hz)  

voice components.

In this situation, the eigenvector simply tells us the rela-

tive amplitude of each frequency component’s coherence 

anomaly. If the variation of amplitude at a given discon-

tinuity has this same proportion, which requires all three 

anomalies to line up, then the frst principal component 

is a maximum. If one of the three anomalies is absent, 

the principal component will be lower. Finally, if the 

anomalies on the three components are random, which 

happens when noise contaminates the data, the principal 

component will be small. Figure 3b displays the frst prin-

cipal component corresponding to the strat-slice shown in 

Figure 3a, computed from the coherence attributes com-

puted from the 65-Hz, 70-Hz and 75-Hz voice components 

shown in Figures 2b-d. Notice that the principal compo-

nent display has captured the same discontinuity informa-

tion seen in Figure 3a. An important point to note here is 

that while the RGB integration can be carried out on just 

three different attributes, principal component analysis 

can be carried out on a number of input attributes. In this 

sense it is a much better dimensionality reduction tool.

Voice components derived from spectral decomposition 

of input seismic data furnish detailed and crisp infor-

mation at specifc frequencies that is amenable to more 

accurate interpretation. Discontinuity attributes such as 

coherence computed on such voice components help in 

making accurate interpretation of stratigraphic features, 

including faults and fractures.
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FIGURE 2. Strat slices through coherence volumes have been 

computed from the (a) broadband input seismic data before any 

spectral balancing, (b) 65-Hz voice component, (c) 70-Hz voice 

component and (d) 75-Hz voice volumes. Note the improved 

continuity of the north-south-trending fault (red arrows); east-west-

trending fault (yellow arrows); and, in the 75-Hz component, indi-

cations of channel edges (blue arrows). (Source: Arcis Seismic 

Solutions, TGS)

FIGURE 3. An equivalent strat slice from (a) coherence on 65-Hz, 

70-Hz and 75-Hz voice components has been merged with RGB 

colors. (b) The equivalent strat slice from the frst principal com-

ponent analysis (PCA) volume was generated using the three 

coherence volumes run on 65-Hz, 70-Hz and 75-Hz voice compo-

nents. Notice that both the RGB and PCA displays show a better 

defnition of some of the lineaments corresponding to channels, 

faults and fractures. (Source: Arcis Seismic Solutions, TGS)

a)

b) c) d)
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Jeff Percival, Weatherford

D
rilling in the Pattani Basin presents many chal-

lenges. The offshore gas reserves in the Gulf of 

Thailand stretch as deep as 3,354 m (11,000 ft) true 

vertical depth, and geothermal gradients can be as high 

as 3.2 degrees per 100 ft (30 m). Operators like Chevron 

Thailand originally began developing the reserves in the 

northern part of the Gulf, where bottomhole tempera-

tures are lower; however, these easier-to-drill wells were 

quickly depleted. 

The deep gas reserves in the Gulf of Thailand are 

notoriously ephemeral—they produce a large volume 

immediately upon being tapped but quickly drop off. 

Due to the speed required to maximize the proftabil-

ity of these operations, drillers generally need to use 

aggressive strategies that increase rpm and ROP. Precise 

formation evaluation and real-time geosteering data are 

therefore critical to effective well placement and com-

pletion in this region.

Meeting feld demands
Most commercial MWD and LWD tools are rated to 175 

C (347 F) and 30,000 psi (206.8 MPa). While planning 

to drill the southern portions of the Pattani Basin—

where bottomhole temperatures frequently reach 200 

C (392 F)—Chevron Thailand recognized that it would 

need tools with a higher capability than anything cur-

rently available on the market. Chevron Thailand had 

worked with Weatherford previously, and the operator 

approached Weatherford about a potential partnership.   

In May 2014 Chevron and Weatherford entered into 

a joint agreement to collaboratively develop a suite of 

tools capable of providing LWD and geosteering data in 

the Gulf of Thailand’s most extreme felds. After nine 

months of research and feld tests, Weatherford and 

Chevron produced what they have branded the Heat-

Wave Extreme service (HEX).

The HEX suite currently includes an HP/HT version 

of the Weatherford HEL MWD system, which houses 

directional sensors for 

geosteering as well as 

gamma-ray and bore/

annular pressure (BAP) 

sensors and a neutron 

porosity tool. Additional 

high-temperature-rated 

sensors are under devel-

opment and will be added 

to the HEX suite upon 

completion. All equip-

ment used as part of the 

service has been specially 

calibrated to withstand 

temperatures up to 200 

C and pressures up to 

30,000 psi for up to 200 

hours at a time. 

Producing real 
results
The frst feld use of the 

HEX service occurred in 

February 2015. Weath-

erford Drilling Services 

personnel deployed 

the HEX tools in 22 

HP/HT offshore wells 

operated by Chevron 

Thailand. The high-tem-

perature-rated sensors 

in the HEX assembly 

operated for 1,650 hours, 

gathering real-time and 

recorded data through-

out the operation. 

The real-time directional 

sonde data enabled the 

driller to effciently steer the 

wells to total depth, often in 

a single run. The driller also 

Technology eliminates blind drilling in 
ultrahigh-temperature environments   
A jointly developed LWD service changes the landscape of HP/HT drilling. A system was 

deployed in 22 HP/HT wells offshore Thailand.

HP/HT

DRILLING

The HEX suite of HP/

HT-rated tools includes 

BAP, directional sonde, 

gamma-ray and neutron 

porosity sensors. (Source: 

Weatherford)
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was able to closely monitor drilling mechanics using 
real-time data from the BAP sensor. Chevron and 
Weatherford jointly reviewed the recorded data from 
the directional and BAP sensors to improve the safety 
and effciency of subsequent runs. Additionally, the 
neutron porosity and gamma-ray measurements pro-
vided essential formation evaluation data.

On top of reducing the total number of trips by 
LWD, Chevron experienced time savings by mini-
mizing the need for temperature mitigation. When 
using tools in environments that test the limits of 
the temperatures and pressures for which these were 
designed, operators frequently pull the drillstring 
partially or completely out of the hole to allow the 
tools to cool before returning downhole to complete 
the job. 

Over the course of the entire 22-well operation, 
Weatherford drilled 45,806 m (150,282 ft)—including 
5,744 m (18,844 ft) in which temperatures exceeded 
175 C—without having to make any dedicated trips to 
“cool” the bottomhole assembly.

The third way in which the HEX service provided 
time savings was by enabling Weatherford to maintain 
optimal drilling parameters. Because of the durability 
of the tools in the HEX assembly and the ability to 
monitor downhole conditions in real time, the team 
did not need to reduce rpm or alter the ROP when 
drilling through HP/HT sections.

Through the combination of factors detailed above, 
the HEX service enabled Weatherford to drill and 
log each well in an average of 6.2 days. The team 
completed the entire 22-well drilling campaign in 25 
runs and 1,218 drilling hours with zero tool failures, 
zero blind runs, zero safety incidents and zero non-
productive time. Taking into account rig time as well 
as equipment and personnel costs, the HEX service 
saved Chevron about $4 million.

Continuing innovations, ongoing value
The value of this joint agreement goes far beyond savings 
in a single well or feld. “Our joint development with 
Chevron Thailand is a prime example of Weatherford 
innovating to meet the needs of the marketplace,” said 
Etienne Roux, vice president of drilling services at Weath-
erford. “When operators experience new or unusual 
challenges that exceed the capabilities of our existing 
offerings, we use the opportunity to take our technology 
to the next level. We hope to deploy the full HEX suite in 
diverse HP/HT felds worldwide to help our clients maxi-
mize the value of their most complex assets.”

Weatherford and Chevron are currently engaged in 
Phase 2 of the joint agreement, developing additional 
tools to enable full triple-combo LWD capabilities in 
extreme environments. Prototypes for these complemen-
tary tools are being designed, and feld trials are 
expected to begin in third-quarter 2016. 

HP/HT

DRILLING

Weatherford and Chevron personnel examine the tools used as part of the jointly developed HEX service. (Source: Weatherford)
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Siv Howard and Christian Busengdal,  

Cabot Specialty Fluids

M
ost people in the industry appreciate how the 

choice of drilling fuid can affect drilling perfor-

mance since there are well-known performance indi-

cators available. However, is it just as easy to envision 

how the choice of completion fuid can affect the well 

completion performance? Probably not. 

That’s why Cabot Specialty Fluids asked Ridge AS, 

a well engineering consultancy, to perform an inde-

pendent benchmarking study to compare drilling and 

completion times for wells that have been drilled and 

completed in the North Sea over the last 14 years. 

For the drilling performance benchmarking, two 

types of drilling fuids were compared: low-solids 

cesium/potassium formate fuids and oil-based muds 

(OBM). For the completion-performance benchmark-

ing, the combined effect of completion concept, bar-

rier strategy and fuid type was studied.

Included in the benchmarking study were 89 wells, 

of which 56 were HP/HT wells. Ridge performed a 

careful selection of relevant wells. From the collected 

data, Ridge was able to create a database of drill-in 

and completion times for three well groups: HP/HT 

platform wells, HP/HT subsea wells and non-HP/HT 

subsea wells, all with 8½-in. reservoir sections.

Drilling performance
Net ROP, defned as drilling progress per day, was 

used as the performance indicator for drilling. This 

includes tripping, cir-

culating, fow checks 

and conditioning but 

excludes time spent 

on underreaming, 

coring, logging, wait-

ing on weather and 

nonproductive time.

Signifcant dif-

ferences in drilling 

rate were recognized 

when comparing the 

low-solids formate 

brine-based drilling 

fuid with OBM. 

Formate drilling 

fuids gave net ROP 

improvements of 

74%, 38% and 68% 

for HP/HT platform 

wells, HP/HT subsea 

wells and non-HP/

HT subsea wells, 

respectively (Figure 1). 

It is believed that the 

Cesium/potassium formate fuids are 
clearly faster than OBM   

Signifcant differences in ROPs were recognized when comparing the low-solids formate 

brine-based drilling fuid with OBM.

HP/HT
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FIGURE 1. Signifcant differences in the drilling rate were recognized when comparing the low-solids 

formate brine-based drilling fuid with OBM. (Source: Cabot Specialty Fluids)

Net ROP in Formate Drilling Fluid and OBM

Net ROP [m/day]

HP/HT Platform Well

HP/HT Subsea Well

Non-HP/HT Subsea  

Well

OBM

Formate Drilling Fluid
74% increase

38% increase

68% increase
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signifcant time savings are due to some fundamental 

differences in the two fuid types.

Water- (brine-) based vs. oil-based: The high solubility 

and diffusion rates of gas in oil give rise to some seri-

ous well-control issues when drilling HP/HT wells 

with OBM. The need for frequent gas and fow checks 

increases circulating time during both drilling and 

tripping. Water- (and brine-) based fuids, with low 

gas solubility and gas diffusion rates, provide instant 

detection of gas infux and cut circulating time sig-

nifcantly. 

The thermophysical properties of water- and brine-

based fuids are also more benefcial than those of 

oil-based fuids. High heat capacity and thermal conduc-

tivity provide better cooling of bits and downhole tools. 

Solids-free vs. solids-laden: Drilling fuids based on 

heavy brines do not require the addition of solid 

weighting material. This positively impacts operation 

effciency by reducing the well-known challenges with 

high rheology, high gels, high equivalent circulating 

densities (ECDs), barite sag and hole-cleaning. The 

improved rheology profle in low-solids brine-based 

fuids allows faster tripping and reduced swab and 

surge pressures. 

Due to stable mud properties, signifcantly less 

mud conditioning and fewer wiper trips are required. 

When drilling HP/HT wells with solids-weighted 

OBM, up to two bottom-up circulations are required 

to condition the mud after a round trip. Lower ECDs 

in brine-based fuids allow higher pump rates and 

more turbulent fow, which leads to improved hole 

cleaning in horizontal wells. 

Completion performance
For completion operations, time savings are generally 

much less intuitive and are to a much larger extent 

related to how various fuids enable more time-eff-

cient completion solutions and processes rather than 

direct time savings from the fuids. 

Ridge divided the completion types used in the 

North Sea into three main groups: openhole comple-

tions, overbalanced perforations and underbalanced 

perforations. The following was found:

• Openhole completions are generally delivered 

faster than cased and perforated completions; 

• For cased and perforated completions, it was found 

that wells perforated on drillpipe are delivered 

signifcantly faster than wells perforated underbal-

anced on wireline/coiled tubing (CT); and

• Cleanup to rig is typically not required when 

low-solids brine-based fuids are used for lower 

completions as opposed to an average of two days 

cleanup time with solids-laden OBM completions.

To understand how the fuid choice impacts the 

completion times, one would need to understand 

what impact the fuid has on the following steps of the 

three completion types.

Lower completion: Low-solids formate screen-running 

fuid enables openhole completions by being com-

patible with sand screens (nonplugging) and upper 

completion clear brines. For cased and perforated 

completions, low-solids brines enable overbalanced 

perforations on drillpipe, which is signifcantly faster 

than perforating underbalanced on wireline or CT in 

overbalanced or underbalanced fuid after installation 

of the upper completion and christmas tree. 

This is time-consuming due to long rig-up time com-

bined with limits of perforation guns per run (typically 

fve to 10 runs for a 100-m [328-ft] pay zone).

Reservoir isolation and casing cleanout: Middle com-

pletion installation, casing cleanout and displacement 

to completion brine in a well with formate fuids and 

overbalanced formate brine in the upper completion 

is intuitively simpler than using a combination of 

OBM and underbalanced fuid. Low-solids formate 

brines provide benefts through:

• Quicker casing cleanout due to larger swab/surge 

margins and less mud conditioning;

• Reduced risk of middle completion installation 

problems (running tool stuck, premature packer 

setting, etc.) due to minimum solids;

• Reduced risk of debris on top of the pre-installed 

barrier (a major industry problem);

• Less time to displace to completion brine since 

the well is already flled with formate fuids; and

• Signifcant time savings since complex and 

time-consuming infow testing of the primary bar-

rier (liner and plugs) is not required when the 

completion string is run in overbalanced fuid.

Upper completion: The selection of fuid is largely 

dependent on the chosen barrier philosophy. 

High-density formate brines allow for upper com-

pletion installation in hydrostatic overbalance where 

the brine serves as the primary barrier. Alternatively, 

the upper completion can be installed in hydrostatic 

underbalance. An extensive and time-consuming 

infow test is required when the fuid does not serve as 

the primary barrier. 

Predicting well construction performance
The study has delivered an extensive database for pre-

dicting well construction times for different completion 

HP/HT
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concepts and fuid choices. Base case time estimates for fve commonly used 

scenarios have been calculated based on benchmarking performance data:

1. Openhole standalone sand screen (SAS) completion: Formate drill-in 

fuid with overbalanced upper completion in formate brine;

2. Openhole SAS completion: OBM drill-in and lower completion fuid and 

underbalanced upper completion;

3. Cased and perforated completion: Formate drill-in fuid, perforation on 

drillpipe and overbalanced upper completion in formate brine;

4. Cased and perforated completion: Formate drill-in fuid, overbalanced 

upper completion in formate brine and wireline perforation; and

5. Cased and perforated completion: OBM drill-in fuid, underbal-

anced upper completion and wireline perforation.

All fve scenarios are based on an HP/HT platform 8½-in. 500-m 

(1,640-ft) reservoir section. The perforation times have been set to 

three days for drillpipe perforation and 10 days for wireline or CT per-

foration, respectively (study average). 

Figure 2 depicts time used for the fve drilling and completion strate-

gies. The graphic shows that cesium/potassium formate fuids in over-

balanced operations should deliver the following rig-time savings when 

compared with OBM drill-in fuid used in conjunction with underbal-

anced upper completion operations. 

With this extensive database on hand, which will be continuously 

populated with new performance data, Ridge is now ready to start 

phase two of the project, which is the development of a time-cost 

risk-beneft prediction tool. 

DIF = Drill-in Fluid, LCF = Lower Completion Fluid, UCF = Upper Completion Fluid, UB = Underbalanced
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FIGURE 2. The graphic shows predicted construction times for a 500-m 8½-in. reservoir 

section for the fve drilling and completion strategies. Cesium/potassium formate fuids 

in overbalanced operations should deliver improved rig-time savings when compared 

with OBM drill-in fuid used in conjunction with underbalanced upper completion opera-

tions. (Source: Cabot Specialty Fluids)
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Branden Ruyle and Clayton Smith, Weatherford 

A
s the use of water in multizone fracturing operations 

continues to increase, water availability presents a 

challenge. Each operation uses as much as 19 million liters 

(5 million gallons) of water, depending on the well depth 

and length. Although this consumption brings up con-

cerns for the Environmental Protection Agency (EPA) and 

other environmental organizations, the oil and gas indus-

try in the U.S. uses less than 1% of all the water consumed 

by other industries.

Challenges related to water usage
Drilling and fracturing operations often take place in 

remote locations that have inadequate supplies of fresh-

water. As a result, operators must truck in water and bear 

the expense of major logistical costs. After each job, the 

operators must also transport the fowback and produced 

water from the site to treat and pump it into a wastewater 

disposal well, which results in additional operational and 

maintenance costs. 

Furthermore, the heavy-duty trucks that transport the 

water can damage the road infrastructure in these remote 

locations. The costs associated with making the water avail-

able represent a considerable percentage of the overall 

operational costs because one truck can carry just 19,000 l 

(5,000 gallons).

Fracturing fuid overview
The freshwater historically used for fracturing operations 

contains many naturally occurring compounds, to which 

operators add chemicals such as scale inhibitors, surfac-

tants, biocides, friction reducers, gelling and breaking 

products, and sand proppant. The resulting mixture con-

tains 82.5% water, 16.4% sand proppant and 1.1% chem-

icals on average. Although an extremely small percentage 

of the mixture, the chemical content frequently incites 

much discussion and misinformation.

Flowback, produced water
An unconventional well fows back about 20% to 40% of 

the total fuid pumped within the frst year of production. 

In the frst 30 days of fowback, the fuid generally contains 

production chemicals and multivalent and divalent ions. 

In addition to fowback water, the well produces naturally 

occurring water with high salt content and similar ions 

throughout the life of the well. 

Traditionally, operators have not had the ability to 

directly use this water in subsequent fracturing opera-

tions for various reasons. However, the ability to reuse 

this water reduces freshwater consumption and pres-

ents other major advantages. For example, 2005 oil 

production resulted in 25 Bbbl of water (an American 

Petroleum Institute statistic). This amount of water has 

the potential to supply irrigation water to 8,333 ponds 

provided that fltration returns the total dissolved solids 

(TDS) to acceptable levels. As an added advantage for 

operators, reusing produced and fowback water also 

signifcantly reduces overall operational costs.

Treating produced, fowback water for  
fracturing operations
A common approach to reduce freshwater use 

involves onsite or centralized fltration that returns 

Reducing freshwater consumption in 
fracturing operations     

An overview of water technologies shows a variety of ways freshwater can be replaced  

with recycled water. 

WATER  

MANAGEMENT

Advanced bipolymer fuids are compatible in felds with a higher concentra-

tion of TDS than traditional fracturing fuids, which enables them to be used 

with unfltered water. (Source: Weatherford)
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produced and fowback 

water to a usable base fuid 

and even to freshwater in 

some cases. This freshwater 

can then be used to create 

conventional fracturing 

fuids, depending on the 

fracturing chemistry used. 

However, many frack chem-

istries use high-TDS pro-

duced or fowback waters 

that require increased fltra-

tion methods. These meth-

ods, such as reverse osmosis, 

create not only increased 

solid waste but also a major 

associated cost burden. 

Disposal costs can be substantial. In some cases, opera-

tors must transport wastewater for disposal out of the state 

where the producing well is located. The requirements 

depend on county and state laws.

Effective treatment that reduces water usage
Removing bacteria is vital to prepare water for reuse. 

Tests conducted with chlorine dioxide (ClO2) biocide 

verify its effectiveness for killing bacteria in produced 

water. A powerful bacteria oxidizer solution, ClO2 has 

been used in the U.S. for more than 74 years with a focus 

on water treatment facilities and municipal applications. 

The EPA accepted ClO2 as a safe yet powerful disin-

fectant in the 1974 Clean Water Drinking Act (EPA). 

When used at the required levels to control the bacte-

ria, this biocide does not adversely affect the fuid pH 

in the well or react with most organics essential for the 

fracturing operation.

Traditional methods of treating produced and fow-

back water require ultrafltration combined with clar-

ifcation to mitigate solids and bacteria in the source 

water. These methods commonly require 16 days to 

flter 200 Mbbl of water at 12 Mbbl/d (assuming that 

fltration does not generate a signifcant amount of 

organic waste). ClO2 treatment is an effective way to 

avoid these slower fltration methods and results in 

long-term bacteria mitigation and reduction of real-

time suspended solids.

Advancements in fuid design such as the use of 

advanced biopolymers to create linear and crosslinked 

fuids with the addition of robust friction reducer 

additives enable making optimal fracturing fuids from 

100% produced water. Recent advances have increased 

the compatibility of both crosslinked and slickwater 

fuids with produced water. When combined with ClO2 

technology to effectively deal with the bacteria chal-

lenge, this fuid can form an effcient solution in frac-

turing applications using 100% produced water. 

Although fltration is not necessary for a crosslinked 

fuid to remain optimal, it is recommended that oper-

ators mitigate suspended solids to a level of less than 

400 µ to avoid damage to permeability or conductivity 

(400 µ in reference to the canister fltration pod).

New robust fracturing fuid systems have been devel-

oped and tested. When added to the produced water, 

the result is a clean, low-residue stimulation fuid. The 

fuid imitates the properties of freshwater-based sys-

tems, thus precluding any formation or conductivity 

damage, and it can handle salt concentrations of more 

than 300,000 parts per million (ppm), divalent ions of 

up to 30,000 ppm, boron of more than 400 ppm and 

chlorides of 185,000 ppm. This water performs well in 

temperatures from 38 C to 149 C (100 F to 300 F) and 

maintains high viscosity levels that can carry proppant 

for long periods at high bottomhole pressures.

The recycled fuid reduces the amount of disposal 

required at the time of the fowback and production 

phase, which results in a major positive impact on costs 

and environmental concerns. On an annual basis, frac-

turing operations use about one-eighth of the total 

water used in golf course irrigation. Five jobs are cre-

ated for every 19 million liters of water used in hydrau-

lic fracturing, compared to less than one for nuclear 

power and agriculture. Operators can flter only to the 

level required by the frack chemistry. Filtration quality 

increases the amount of waste and escalates costs. Recy-

cled produced water can be fltered to low enough lev-

els for agricultural purposes. 

WATER  
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Compound Purpose Common Application

Acids
Help dissolve minerals and initi-

ate fssures in rock (prefracture)
Swimming pool cleaner

Sodium Chloride
Allows a delayed breakdown of 

the gel polymer chains
Table salt

Polyacrylamide
Minimizes friction between the 

fuid and pipe
Water treatment, soil conditioner

Guar Gum
Thickens water to suspend the 

sand

Cosmetics, toothpaste, sauces, 

baked goods and ice cream

Citric Acid
Prevents precipitation of metal 

oxides

Food additive, favoring in food 

and beverages;  lemon juice 

about 7% citric acid

(Source: DOE, GWPC: Modern Gas Shales Development in the United States: A Primer, 2009)

A sampling of chemical additives used in frack water and in everyday applications is shown. 

(Source: Weatherford)
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James Donovan and Terry M. Williams, The Dow Chemical 

Co.; Scott Gale and Christopher Rodriguez, Multi-Chem, A 

Halliburton Service 

 

I
n challenging economic times, effciency and effectiveness 

are the top priorities for oil and gas operators. A critical 

step in protecting the integrity of an operation’s assets and 

the quality of the produced hydrocarbons is the treatment 

of injection fuids with the right biocide program. Left 

unchecked, microbial growth can lead to issues such as the 

formation of bioflm, souring of hydrocarbons and microbi-

ally infuenced corrosion. 

The use of biocides is not new. Over the years water- treat-

ment microbicides have been used to help prevent the spread 

of waterborne diseases in drinking, recreational and industrial 

process waters. Yet the conditions in which a biocide needs to 

control the growth of microorganisms in an oil and gas oper-

ation is unique. There, a biocide program must address each 

phase of oil and gas exploration and completion (unconven-

tional or conventional)—from preparing the water and treat-

ing topside to protecting the reservoir. Optimized biocide 

treatments include solutions that provide both a quick initial 

kill and long-term extended downhole protection.

During the shale gas revolution, technological innovation 

led to the adoption of more effective biocide programs 

and the expertise for optimizing them. Today, more 

importantly than ever, oil and gas operators rely on service 

providers to bring advanced biocide solutions designed to 

increase overall effciency. 

Combinations of biocides for extended  
protection bring economic value
Customization is key for a biocide program to successfully 

protect assets and sweet production from microorganisms. 

No single biocide can universally and effciently address 

every phase of oil and gas exploration and completion. It is 

critical to consider the three main phases of the operation: 

prepare, decontaminate and protect (Figure 1). 

Expert site-specifc consultation gives operators the 

insight on how to select the right biocides at the right 

treatment ratio to offer effective microbial control. This is a 

highly scientifc and tailored process that is approached on 

a case-by-case basis. Dow worked with its partners to test an 

operation’s water in its laboratories to defne the best treat-

ment program to address the local water conditions and 

microbial population. 

One way to classify biocides is by their duration of effec-

tiveness. Some biocides provide a quick-kill option and 

are effective for only several 

hours after application. 

Other biocides take longer 

for an effective kill but will 

provide increased protection 

when exposed to high tem-

peratures and salinity.

Until recently, the main 

focus of the oil and gas 

industry was on quick-kill 

options, only measuring 

how much bacteria could be 

killed in 1 hr. As demands 

for increased effciency 

become critical, there is a 

growing need to protect the 

reservoirs and the invest-

ments already made in them. 

Delivering value through  
microbial control    

Optimized biocide treatments help increase effciencies in oil and gas operations.

WATER  
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FIGURE 1. The three main phases of operation—prepare, decontaminate and protect—should be consid-

ered in development of a water-treatment program. (Source: The Dow Chemical Co.)

—

Oilfeld water can contain bacteria that need to 

be treated. Quick-kill treatments will provide an 

inital reduction of bacteria, thereby helping to 

prevent corrosion of the assets, reduce souring 

and enhance the performance of biocides added 

in later stages of the process.

Lengthy periods of water injection, natural popula-

tions and drilling activities leave wells infested with 

the worst kinds of microorganisms — those that 

survive and thrive in downhole conditions. Inclusion 

of an effective biocide in the hydraulic fracturing 

fuid or injection water will provide initial control 

downhole of these bacteria. 

Throughout continuous water injection or after the 

hydraulic fracturing process is complete, it is critical 

to prevent microbial growth in the reservoir environ-

ment. Biocides that remain effective under elevated 

heat, pressure and salinity conditions for longer dura-

tions of time are necessary for helping to prevent 

souring and formation of in situ bioflm over time. 
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Today we know that combining a fast-acting bio-

cide with an extended protection biocide (“pre-

servative”) provides the best microbial control 

program that addresses every phase. 

Introducing an effective biocide program 

requires an upfront investment of less than 

0.5% of the total cost of the fracturing fuid, 

which is a small investment that will pay off with 

increased effciency. Optimized biocide treat-

ments protect the integrity of the infrastructure 

and production quality, delivering excellent 

return on investment. 

Evaluating a co-injection biocide 
treatment 
Dow and Multi-Chem collaborated to test a 

two-part biocide treatment in the Niobrara For-

mation in 2012 and 2013. Seventy hydraulically 

fractured wells comprised of 25 well pads were 

evaluated. The reservoir contains both oil and 

natural gas, which lie at subsurface depths of 914 

m to 4,267 m (3,000 ft to 14,000 ft).

Previously, wells were only treated with hypochlorite, a 

quick-kill biocide that is ineffective in the long term. Insuff-

cient treatment led to issues that presented the opportunity 

to develop a better solution. Dow tested a dual-biocide treat-

ment made up of glutaraldehyde, a fast-acting biocide, and 

dimethyl oxazolidine (DMO), which acts as a resilient pre-

servative downhole once microbial reduction is achieved. 

It was found biocides dosed in combination provided an 

antimicrobial effect greater than the sum of the two bio-

cides alone. Laboratory studies defned the optimized ratio 

of glutaraldehyde and DMO for feld tests. 

Field trials showed that samples collected 90 days after 

the dual-biocide treatment contained relatively low levels 

of acid-producing and sulfate-reducing bacteria. Only 

7% of samples contained 103 cells per milliliter, and no 

counts exceeded this level (Figure 2).

This shows that the innovative co-injection treatment 

strategy can successfully protect against downhole bac-

terial activity for long periods of time. As a result, wells 

fractured using waters treated this way will have a reduced 

potential to experience a failure caused by souring and 

corrosion. Additionally, by reducing microbial con-

tamination downhole, the integrity of the reservoir is 

protected from solids loading, which can obstruct pore 

spaces and ultimately reduce production. 

 An optimized use of biocides can not only positively 

infuence the effciency of oil and gas operations but also 

will help mitigate the contamination to effectively minimize 

economic, health and safety risks. 

WATER  
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FIGURE 2. After 90 days of treatment, 100% of the samples met the key performance 

indicator of 103 bacteria per milliliter or less, with 93% of all samples surpassing the 

key performance indicator of 100 or less. This shows that the optimized treatment with 

quick-kill and extended-downhole protection was successful in controlling microbial 

growth. (Source: The Dow Chemical Co.)

Myth Busters

Myth 1: An oxidizing biocide is suffcient for treatment. 

Chlorine dioxide, an oxidizing biocide, only provides 

quick-kill topside. Today operators have advanced 

biocide alternatives for extended protection after the 

initial kill. 

Myth 2: I’ll save more money by not using a biocide. 

Untreated systems are open to uncontrolled microbial 

contamination. This could lead to costly souring, cor-

rosion and plugging issues. 

Myth 3: I don’t need a long-lasting biocide in extreme 

temperatures. 

Certain types of bacteria, known as extremophiles, are 

able to grow in temperatures up to 120 C (248 F). In 

addition, there is a gradient of temperature downhole 

that is infuenced as water is pumped below the sur-

face. Even though microbial loading is typically lower 

in cold climates, there can be up to 10 million bacteria 

per gram of drilling fuid. 

Myth 4: My water is fne. I don’t need a biocide. 

It could take six months to realize corrosion or souring 

has occurred in an untreated system. Once the micro-

bial infuenced corrosion begins, it acts quickly. A pipe 

that should last 30 years might only last three months. 
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Sahar Mouallem and Brandon Vittur, Baker Hughes 

C
hlorine dioxide (ClO2), long used as an effective 

oxidizing biocide in various industries, is evolving 

as a go-to treatment for oilfeld waters, particularly to 

control bacteria in fresh and produced waters that can 

lead to corrosion, sulfde release, fouling and environ-

mental concerns in hydraulic fracturing operations. Yet 

a number of common questions persist about how it 

works and about its potential effects on various aspects 

of oilfeld operations. This article attempts to answer 

those questions. Typical surface water applications 

include removal of spent polymers and gels, iron sulfde 

(FeS) and hydrogen sulfde (H2S) mitigation, biocide 

treatment of freshwater for drilling or hydraulic frac-

turing operations, and treatment of produced and fow-

back waters for reuse or disposal. 

What is ClO2?
ClO2 gas is a selective oxidizing biocide that is 2.4 times 

heavier than air. As a dissolved gas in water, it exhibits a 

yellow color and has an odor similar to bleach. Solutions 

vary in strength. Weak solutions of less than 1 to 2 parts 

per million (ppm) are typically found in treated water. 

Safe ClO2 generation systems can create concentrated 

solutions of up to 3,000 ppm that can be injected into 

larger quantities of water such as water transfer lines or 

ponds. It remains a true gas in solution and does not 

hydrolyze with water to form other compounds.

How does ClO2 work?
ClO2 is an oxidizer that acts as both a biocide and oxidant. 

As a biocide, it reacts by oxidation rather than substitution; 

attacks the cell walls of microorganisms and interferes with 

protein formation; penetrates bioflm to destroy bacterial 

cells in the center of the colony; and rapidly and com-

pletely kills sulfate-reducing and acid-producing bacteria, 

even at low dosage rates.

It has gained popularity over other biocides for oilfeld 

water treatment because it is approved by the U.S. Envi-

ronmental Protection Agency (EPA) and Food and Drug 

Administration (FDA); it works at lower dosages; it is not 

affected by system pH; its corrosion rates are lower than 

other oxidizing biocides; it is more effective against sessile 

and planktonic bacteria; it does not form trihalomethanes, 

react with ammonia and chlorinate organics or form hypo-

chlorous acid or free chlorine; it does not require a supple-

mental nonoxidizing biocide; and it is cost-competitive.

Water that has been treated with ClO2 can be used 

without negative impacts to hydraulic fracturing fuids, 

the producing formation or downhole equipment. The 

chemistry also acts as an FeS and H2S scavenger, helping to 

control issues related to corrosion and equipment fouling. 

Through a complex reaction, it oxidizes soluble Fe2 to 

Fe3, which is nonsoluble in water and will precipitate. So, 

although ClO2 doesn’t remove the iron, it alters its state to 

a form that can be removed through fltration or settling. 

In addition to iron, FeS and H2S, ClO2 oxidizes phenols, 

mercaptans and some polymers. 

How is ClO2 generated and delivered?
While some “stabilized” ClO2 products come in shippable 

containers, these are typically chlorite-based mixtures 

that are enhanced when activated with acid or a low pH 

(acidic) environment. These products are applicable for 

smaller oxidative applications.

Fact vs. fction: ClO
2
 for oilfeld waters    

A few of the common questions posed about the use of ClO2 in oilfeld operations are answered.

WATER  

MANAGEMENT

ClO2 is a selective oxidizing biocide that has long been used success-

fully in the downstream oil and gas and other industries and is now 

evolving as a preferred treatment for fresh, produced and fowback 

waters in hydraulic fracturing and other oilfeld operations. (Source: 

Baker Hughes)
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ClO2 for oilfeld surface operations cannot be shipped; 

it must be generated near the point of application, then 

injected immediately into larger quantities of water. 

The gas is generated onsite via a mobile or permanently 

mounted generator using water and either a two-precursor 

(acid, sodium chlorite) or a three-precursor (sodium hypo-

chlorite, hydrochloric acid, sodium chlorite) system. 

Baker Hughes uses DuPont’s Chemours ADOX MG3 

ClO2 generation systems in its H2PrO HD Water Manage-

ment service Gen III mobile units to generate a highly 

effective onsite treatment solution using a proven acid/

bleach system. This system is vacuum-based, requiring no 

pumps. Chemicals are mixed in situ in an aqueous solution 

at a maximum concentration level of 3,000 ppm (0.3%), 

eliminating any fammable hazards. This method, which 

is based on water fow, is considered one of the safest for 

generating ClO2 because it avoids potential gas formation 

in a prereaction chamber. If there is no water fow, no 

chemical is generated.

Does ClO2 interfere with friction reducers  
or gels?
The degree to which pH may be decreased is highly 

dependent on ClO2 generation effciency and dose 

rates. An ineffcient reaction could leave unreacted acid 

in the water, and high dose rates might leave high resid-

uals of ClO2. Under most conditions, however, there 

should not be any signifcant pH depression when using 

an effcient system at the proper dosage rates.

The greatest potential of lowering pH comes when 

treating produced waters with elevated levels of metals 

or FeS. Higher residual levels and lower pH can result if 

the dose rates are not balanced. However, when they are 

matched, the residual levels in the working tanks should 

remain low and pH relatively unchanged. 

For example, in 2014 Baker Hughes treated more 

than 110 MMbbl of water in more than 900 wells in 

every major basin in the U.S. For one operator in 

the Eagle Ford Shale, an analysis of more than 80 

wells showed the average pH of 13.5 MMbbl of 

untreated water was 8.77. After treating with ClO2, 

the average pH of the treated water was 8.65, a 

drop of only 0.12. This required no changes to the 

operator’s standard buffer loading.

Can ClO2 decompose into O2?
The formation of O2 during treatment of water 

with ClO2 is not a concern in an aqueous reac-

tion with any typical level of contamination. The 

oxidation reaction is kinetic, and the plethora of 

potential reactions greatly favors oxidation and the 

formation of chlorite, chlorate and subsequently 

chloride ions.

Is ClO2 explosive?
ClO2 is not explosive in an aqueous solution nor in a mix-

ing system where the concentrate is never contained in a 

sealed tank.

Is ClO2 highly corrosive?
In-house tests of 12 common oilfeld metals exposed to a 

3,000-ppm solution for 24 hours at 66 C (150 F) yielded an 

average corrosion index below accepted standards for cor-

rosion (0.03 lb/sq ft observed, 0.05 limit).

Does ClO2 chlorinate water?
No, it does not. The only byproduct is common table salt, 

which makes brine water. 

Is ClO2 poisonous?
While ingestion at high levels can be hazardous, the 

dilution rates and application used in treating water 

for hydraulic fracturing minimize the risk. ClO2 is used 

extensively in the food preparation industry (green leafy 

product wash, chicken processing and raw carrot wash). 

It is U.S. EPA/FDA approved for food and drinking water 

use and is widely used in Europe in municipal water  

systems. It is growing rapidly in the U.S. for drinking 

water treatment.

ClO2-based water management systems have successfully 

converted a waste product into an asset for the oil feld. 

Mitigation of long-term bacteria issues eliminates the 

potential for corrosion, well fouling and H2S-induced chal-

lenges. The application of ClO2, whether on-the-fy or as a 

prestimulation treatment, has proven to reduce operating 

expenses, freshwater use and safety concerns associated 

with produced water handling while improving the perfor-

mance and effciency of the overall operation. 

WATER  

MANAGEMENT

The H2PrO Water Management service uses a next-generation vacuum-based 

mobile mixing system that relies on water fow to mix ClO2 in situ in an aqueous solu-

tion at a maximum concentration level of 3,000 ppm (0.3%). (Source: Baker Hughes)
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OFFSHORE  

ACCOMMODATION

Mark Thomas, Editor-in-Chief 

T
he accommodation vessel market is one of those seen 

by many in the offshore business as one of the rarer 

types that has managed to retain some of its relative 

strength compared to other sectors decimated by the oil 

price downturn, such as drilling rigs.

In fact, according to analyst Douglas-Westwood in the lat-

est version of its “World Offshore Accommodation Market 

Forecast 2015-20,” there is even likely to be modest growth 

in the market over the longer term despite a decrease in 

forecast offshore capex over the period. Demand for fo-

tels will average almost 42,000 personnel on board (PoB) 

per year, the report stated, equating to an increase of 14% 

compared to the preceding six-year period. 

That trend continues one that emerged for this market 

over the previous fve-year period, which experienced sig-

nifcant growth in PoB requirements.

Field life-cycle factor
A key factor is that offshore accommodation units are 

used throughout the life cycle of a feld, in both the 

opex and capex stages, Douglas-Westwood pointed out. 

Opex-driven life-of-feld support, therefore, will con-

tinue to largely dominate PoB requirements, accounting 

for 73% of demand, driven simply by the large number 

of existing fxed platforms.

Operators also will demand temporary accommodation 

support to minimize platform downtime during main-

tenance and modifcation work to ensure continuity of 

production—a major consideration with the industry’s 

increased focus on production and operational effciency. 

More susceptible to the oil price decline are accommo-

dation units used to support capex-related activity such as 

the hookup and installation of platforms and subsea infra-

structure. These will account for 27% of PoB requirements 

over the period, continued Douglas-Westwood. 

Regionally, it is Asia that will produce the largest share 

of fotel demand over the period (26%) due to the large 

number of installed platforms in that region. The large 

tonnage of platforms in Western Europe, substantial small 

fxed platform population in the Gulf of Mexico and 

increasing deepwater production in Africa also are signif-

cant factors.  

Challenging near term
One of the largest players in the market is Norway’s 

Prosafe, whose CEO Karl Ronny Klungtvedt confrmed 

in the company’s latest webcast that near term the mar-

ket “remains challenging” as projects are temporarily 

postponed but that he expects an increase in activity, 

in particular from 2018 onward after the industry’s cost 

levels have been reduced, especially in the North Sea.

Prosafe said in its presentation that it had assumed 

a peak cost level for the industry in 2014 and by 2019 

that cost level would be reduced by 25%. “What’s 

important is the ongoing cost reduction in the North 

Sea,” Klungtvedt said. “We believe this is very import-

ant to increase the long-term competitiveness of North 

Sea oil, and we are seeing clear cost-cutting initiatives 

within the E&P companies targeting quickly 20% to 

Accommodating the downturn   
Despite the ongoing effects of the global downturn in upstream activity, workers still need to 

be based offshore to get new projects onstream and to keep existing ones running.

The Safe Boreas semisubmersible fotel is working on Lundin Petroleum’s 

Martin Linge Field offshore Norway and is one of the most advanced ves-

sels of its kind. (Source: Prosafe) 
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25% cost reductions for new projects—and for some even 

more—and this now appears to be achievable.

“What we are saying is that the near-term cost focus is 

having an impact on the near-term activity level, but it’s 

having a positive impact on the long-term activity level, 

particularly from 2018 and onward.”

Positive long-term outlook
In the other markets where its vessels are working, mainly 

Mexico and Brazil, it again stressed it expected short-term 

uncertainty but more positive long-term outlooks for 

activity such as maintenance, modifcation, refurbishment 

and reftting work as well as the use of high-end vessels 

such as those in its semisubmersible feet of accommoda-

tion units.

Klungtvedt also went on to point out that one thing the 

company is very focused on in the upcoming period is how 

it continues to look at managing its accommodation feet. 

“We have an asset integrity and maintenance depart-

ment that has been in operation for, let’s say, two years 

or so. Their objective is on long-term planning for the 

feet as a whole but also for each individual vessel to make 

sure that we optimize the capital allocation for the feet 

for each vessel, both short- and long-term. So this is some-

thing that we’ve progressed with quite fne, but the bene-

fts of that will be in the coming years,” he said.

Newbuilds
Perhaps more of an indication of its faith in the long-

term strength of the market, Prosafe has three newbuilds 

already under construction and contracted: the Safe 

Zephyrus, Safe Notos and Safe Eurus. The latter two are 

being built at the COSCO Quidong yard in China and 

are expected to be ready for operations during 2016. The 

Safe Eurus will work for Brazil’s Petrobras for three years 

from frst-quarter 2017, while Safe Notos will be deployed 

on an eight-month contract in the U.K. Continental Shelf 

(UKCS) from second-quarter 2016.

For the Safe Zephyrus, Prosafe recently agreed to a 

more fexible delivery date for the semisubmersible unit 

being built at the Jurong Shipyard in Singapore to better 

align with its contract portfolio. Although complete and 

built on budget, the vessel’s delivery has been essentially 

deferred into this year from its original planned date in 

fourth-quarter 2015. It will frst help out the Safe Notos for 

a short period in the UKCS in second-quarter 2016.

Safe Boreas 
The Zephyrus’ sister ship Safe Boreas was delivered from 

the same yard in January 2015 and has been working for 

Lundin Petroleum on the Martin Linge Field in the Nor-

wegian North Sea, recently having its contract extended 

into 2016.

Prosafe’s newest vessel, it is one of the new breed of 

advanced harsh environment accommodation vessels and 

the most advanced yet available, according to the company. 

Built to the GVA 3000E design, it has a DP3 (dynamic 

positioning) system, six 4.0-MW azimuth thrusters and a 

12-point mooring arrangement, maximizing its fexibility 

and cost effciency. 

Able to house up to 450 persons in single-occupant cab-

ins, the layout of this unit is unique, with two large internal 

glass atriums allowing natural daylight into the central cab-

ins, mess room and recreational areas. Refecting today’s 

expectations, it also has a cinema, gymnasium, sauna, golf 

simulator and Internet café as well as 50 offces.

Named after the Greek god of the north wind and the 

bringer of cold winter air, the fotel is designed specif-

cally for global operations in harsh environments such as 

the North Sea. It has a working open deck area of about 

1,000 sq m (10,764 sq ft), two 50-tonne Liebherr cranes 

and a 38-m (125-ft) telescopic hydraulic gangway. 

OFFSHORE  

ACCOMMODATION

Near-term demand in the North Sea for fotels is drying up, but activity is expected to start rising by 2018 as the market emerges from its 

cost-cutting period as a more competitive sector. A similar picture is expected to emerge in other regions of the world. (Source: Prosafe)
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UNCONVENTIONAL  

REPORT

Mark Thomas, Editor-in-Chief

W
hen China’s frst large-scale shale gas project entered 
commercial production in March 2014, observers 

believed it would be the spearhead for others to follow. But 
that second wave of projects in the country’s nascent shale 
gas industry has yet to properly emerge, with its existing 
unconventional gas production still largely coming from its 
better established tight gas projects.

China Petroleum and Chemical Corp. (Sinopec) is push-
ing hard, however, on its Fuling Shale gas feld to stick to 
its ambitious production plans. The company still expects 
to expand the feld’s annual production capacity to about 
5 Bcm (176 Bcf) at present and is sticking to a goal of deliv-
ering 10 Bcm/year (353 Bcf/year) by 2017. The company 
has previously gone on record to say it intends to invest 
close to $4 billion on the frst phases of the development. 

The feld, in the municipality of Chongqing, has the size 
to achieve that goal—it covers nearly 4,000 sq km (1,544 
sq miles), and total reserves are currently put at 2.1 Tcm 

(74 Tcf) of gas (107 Bcm [3.7 Tcf] recoverable proven). 
The initial discovery was made in late 2012 when Fuling’s 
Jiaoye-1HF well fowed at a capacity of 203 Mcm/d (7,169 
cf/d) from a sweet spot well depth of just under 4,500 m 
(14,764 ft), according to Sinopec.

Drilling program
Initially producing 600 MMcm/year (21 Bcf/year) as of 
year-end 2013, Sinopec has carried out a regular drilling 
program throughout its frst development phase at Fuling. 

This saw the company build and install 32 drilling plat-
forms and spud 75 wells by year-end 2014, with individual 
bores fowing at rates of up to 550 Mcm/d (19.4 MMcf/d). 
By year-end 2014 the company had achieved an average 
output of more than 3.6 MMcm/d (127 MMcf/d) and a 
cumulative total for the year of 2 Bcm (70.6 Bcf), ahead of 
schedule. Up to 130 wells were planned to be drilled by the 
end of the frst phase, with more than 40 drilling platforms 
to be built and installed.

The completion of that initial phase and the following 
secondary phase of development by the company (with up 
to another 100 wells to be drilled) are aimed at accessing 
more than 341 Bcm (12 Tcf) of shale gas reserves to hit its 
10 Bcm/year target by 2017. That will come mainly from its 
activity in the Jiaoshiba Block within the Fuling Field area 
as well as further exploration and development activity in 
the Dingshan and Nanchuan blocks in southeastern Sich-
uan province, central China.

Although accessibility to water is an issue in much of 
China, Sinopec said it is able to utilize the existing water 
supply in the region for its hydraulic fracturing require-
ments as well as increasingly recycling drilling and fractur-
ing fuids.

Drilling footage
The company reported toward year-end 2015 that as of 
mid-year it had achieved a total drilling footage on Fuling 
of more than 1 MMm (3.3 MMft), with its production 
capacity having exceeded 10 MMcm/d (353 MMcf/d). 

It also has commissioned a 134-km (83-mile) shale gas 
transmission pipeline in the area, according to the state 

Shale fueled by Fuling on its slow boat 
to China   

Despite the undoubted size of the country’s shale gas reserves, Sinopec’s Fuling development 

is on the proverbial slow boat to China as it sails its pioneering but lonely path in the van-

guard of the nascent industry’s efforts to establish its place in the market. 

Between a rock and a hard place, China’s landscape can make 

shale gas E&P a challenging environment in addition to the chal-

lenges presented by accessing suffcient water resources to carry out 

hydraulic fracturing work. (Source: PetroChina)
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news agency Xinhua, which will eventually be able to fow 

6 Bcm/year (211 Bcf/year) from  

the Fuling Field.

The project remains China’s only shale gas develop-

ment to have achieved commercial production, and its 

progress means the Chinese government’s offcial year-

end 2015 target of 6.5 Bcm/year (229 Bcf/year) of shale 

gas production was scheduled to be achieved, thanks to 

other smaller additional contributions from Sinopec’s 

fellow domestic major, PetroChina—something that just a 

year ago was seen as overoptimistic for the country’s 12th 

fve-year plan.

PetroChina’s shale gas developments are admittedly 

lagging behind Sinopec’s—it has drilled far fewer wells so 

far—but “demonstration” zones in its Changning-Weiyuan 

blocks in Sichuan province are contributing enough to 

hit the overall 6.5 Bcm/year goal for the country. Much of 

this company’s focus, however, has been less on shale and 

more on tight gas and conventional gas developments.

Shale gas target of 6.5 Bcm
Considering total shale gas production for China in 2013 

was just 200 MMcm (7 Bcf), according to the Ministry of 

Land and Resources (out of a total domestic gas produc-

tion fgure of 117 Bcm [4 Tcf] that year), the 6.5 Bcm/

year total for 2015—if confrmed by offcial sources in the 

next few months—would be a signifcant achievement.

However, the pressure to ramp up gas production as 

rapidly as possible in previous years has lessened some-

what. China’s economic expansion has slowed down in 

relative terms despite its GDP growing by 7%. Domestic 

gas demand growth dipped substantially during 2015, with 

the country even forecast to potentially have a surplus of 

gas (up to 10 Bcm) by year-end 2015, something 

that would have been unthinkable less than two 

years ago.

Air of uncertainty
This all adds to an air of uncertainty over the 

likely pace of progress of China’s fedgling shale 

gas industry despite the impressive achievements 

so far at Fuling. 

The International Energy Agency’s (IEA’s) 

latest “World Energy Outlook,” released in 

November 2015, warned, “The pace of China’s 

unconventional gas growth is a major uncertainty: 

Policies encouraging this development are in 

place—with production projected to exceed 250 

Bcm [8.8 Tcf] by 2040—but aspects of the geology, 

limited water availability and population density in 

some key resource-rich areas, alongside regulatory 

issues related to pricing, access to resources and domestic 

pipelines, militate against a very rapid rise in output.”

The IEA’s executive director, Maria van der Hoeven, 

already said as much in a speech at the third IEA Uncon-

ventional Gas Forum in Chengdu earlier in 2015, stat-

ing that despite China being one of the world’s largest 

resource holders of unconventional gas, “signifcant 

uncertainties remain about the extent to which this 

resource will be developed.”

Gas production forecast
With the IEA also forecasting that China’s overall growth 

in gas production is likely to slow further as its conven-

tional gas assets mature and as the “knock on” effect of 

lower oil prices impacts upstream spending, the country 

looks set to remain reliant on LNG and pipelines to 

import about two-thirds of the gas it requires between now 

and 2020. 

In mid-2014 the IEA predicted that China would be able 

to meet half of its new gas demand from domestic resources, 

most of that coming from unconventionals. However, the 

latest available fgures for 2015 showed that China produced 

103 Bcm (3.6 Tcf) of gas domestically in the frst 10 months 

of the year—just 2.7% higher than for the same period in 

2014 and apparently confrming the IEA’s concern over a 

slowdown in domestic gas output growth.

With China having an estimated 31 Tcm (1,115 Tcf) of 

recoverable shale gas reserves, few doubt the riches that lie 

beneath its lands. But despite Sinopec’s impressive efforts 

on Fuling so far, the aggressive targets set by the country’s 

Ministry of Land Resources to achieve 60 Bcm/year (2.1 

Tcf/year) of shale gas production nationally by 2020 look 

to be stuck on the slow boat. 

China’s energy demand is not rising as fast as previously forecast, leading 

to a possible surplus of domestic Chinese gas production at the beginning 

of 2016. (Source: IEA 2015 World Energy Outlook)
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Rob Weston, Cameron

L
ike many of the offshore innovations in the oil 

and gas industry, Cameron’s CDX deoxygenation 

system is the result of a need for a technology that 

increases efficiency. And, as is typical when develop-

ing new designs, the idea lightbulb that illuminated 

the CDX system’s “Eureka!” moment didn’t come on 

all at once, nor was there just one lightbulb. 

Starting in 2010, system development efforts were 

supplemented in part with ideas and contributions from 

technology providers Teledyne and LANXESS and tech-

nical and logistical support from Texas A&M University.

However, by 2010 the oil and gas processing indus-

try had been using vacuum deaerator systems in 

combination with oxygen scavengers for decades, 

which had proven to effectively deaerate seawater for 

reservoir injection. These systems work by applying 

a vacuum to the water, which reduces the oxygen 

solubility, providing a basis for its removal through a 

vapor phase. 

The result is water with oxygen levels low enough to 

be injected into a reservoir to enhance oil recovery with-

out corroding pipes and other production equipment. 

So if vacuum deareation systems 

could do the job, why did oil and 

gas processors have a need for 

another system?

Another option
As the frst decade of the new 

millennium progressed, so did 

the technologies that enabled the 

quest for offshore oil and gas to 

increasingly move into deeper 

waters. Onshore, where process 

system designers are unfettered 

by height and weight restrictions, 

equipment with the dimensions of 

vacuum deaeration systems aren’t 

seen as a negative characteristic. 

But for operators that need to treat water aboard 

FPSO units or on fxed offshore platforms, using a 

system with a tower that has an approximate fooded 

weight of 176-plus tons and a height of 24 m (80 

ft) can require a titanic number of complex design 

accommodations. This is especially true for process-

ing vessels acted on by motions related to offshore 

weather conditions. 

Beyond these structural considerations and func-

tionality, offshore process facility planners also 

face the challenge of complying with rigid size and 

weight design mandates that adhere to ever-tighten-

ing capex budgets.

The vacuum deaeration system’s chemical require-

ments also were presenting logistical challenges for 

operators using this system offshore. After being pur-

chased, chemicals used to curb foaming and further 

reduce concentrations of oxygen below 50 parts per 

billion (ppb) are often stored onshore until they are 

shipped to offshore processing facilities, where they 

are stored until mixed for injection. 

Beyond space and weight concerns, the offshore 

real-estate requirements and logistical challenges 

associated with this part of a vacuum-deaeration sys-

tem were the main reasons customers started express-

Multi-organizational team advances 
seawater injection technology  
Technical groups collaborate to develop a more compact and effcient deoxygenation system. 

A side-by-side comparison of deaeration technologies demonstrates the compact form of 

the CDX. (Source: Cameron)

tech
WATCH

January 2016   |   EPmag.com78

http://EPmag.com


ing interest in having a more compact and effcient 

deoxygenation technology.

The effort to develop an alternative to vacu-

um-based systems began with the idea that a wet cata-

lytic process could be used to consume the dissolved 

oxygen in seawater. “Although this approach had 

been tried before with mixed results, we were con-

vinced the theory of a catalytic process system was 

sound,” said Luis Caires, director of product devel-

opment for liquids at Cameron. “And the principle 

of the system is simple: Hydrogen is produced and 

injected into a seawater stream in the presence of a 

palladium catalyst in a pressure vessel. This causes 

the hydrogen to react with the oxygen contained in 

the seawater, which produces water with oxygen lev-

els low enough to be injected into a reservoir.”

Convinced that the wet catalytic process could 

not only work but could be used in a system with 

a compact design, members of the development 

team turned their attention to the catalytic process 

system’s four main components: palladium cata-

lyst, liquid-filled catalyst vessel, inline mixer and a 

hydrogen generator. 

“After some research, we determined that one of 

the weak links in the system was the hydrogen gen-

erator,” Caires said. “We approached Teledyne and 

decided to work with them because they’re consid-

ered the foremost experts in the feld of hydrogen 

generation. They provided us with access to their 

hydrogen generation unit and shared the relevant 

technological information with us. And through this 

opportunity we were able to defne a reliable hydro-

gen generator design for offshore applications.” 

In a separate effort, the Cameron development 

team worked with catalyst technology pro-

vider LANXESS. This partnership enabled 

the team to identify compatible vessel 

materials that worked best with LANXESS 

catalysts. And, to prevent the catalyst from 

acting as a media flter, the team decided 

to install an ultrafltration unit upstream of 

the catalyst vessel.

By late 2015, with problems solved 

and system tests completed—most were 

conducted at Texas A&M’s facility in Gal-

veston, Texas—the Cameron team had 

developed the CDX compact deoxygen-

ation system that uses no chemicals. 

How it works
It treats incoming seawater by first mea-

suring it with a flowmeter, which produces 

a flow-rate value that is registered by the 

system’s controls. Based on this value, the system 

produces and injects a proportional amount of 

hydrogen gas into the water upstream of the system’s 

inline mixer. The mixer ensures the dissolution of 

the hydrogen into the water. The resulting water/

hydrogen mixture is then routed to the catalyst ves-

sel, where it contacts the palladium catalyst. Once 

there, the oxygen in the water reacts with the dis-

solved hydrogen. This produces water with oxygen 

levels below 10 ppb oxygen, which is adequate for 

reservoir injection.

The compact CDX system’s substantially lighter 

weight and overall height of less than 9 m (30 ft) 

enables it to fit or be retrofitted between decks on 

most offshore processing platforms or FPSO units. 

Its startup and shutdown times are a fraction of 

those for a vacuum tower. It doesn’t require high 

amounts of power to run vacuum pumps, and it elim-

inates the seals, gaskets and pipe joints that ensure a 

vacuum is maintained.

The system also eliminates the need for complex 

support structures and dynamic and motion perfor-

mance issues that affect anti-foam measures. It oper-

ates at ambient temperatures, eliminating the need 

for heat exchangers and, depending on the water 

supply pressure, the CDX system might not require 

booster pumps.

The CDX system is the product of efforts from Cam-

eron and its collaborating team members to advance 

seawater treatment technology. This technology gives 

those processing seawater for EOR a deoxygenating 

system that is compact and effcient. In this era of 

capex and opex scrutiny, it would be hard to over-

value these benefts. 

The compact design of the CDX as compared to traditional vacuum deaeration 

systems offers a solution for operators needing to treat water aboard FPSO units or 

on fxed offshore platforms. (Source: Cameron)
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120,000 bbl/d of water (800 cu. m/hr) comparison

sq m
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Christopher Niven, Civil & Environmental Consultants Inc.

A
boveground storage tanks (ASTs) are vital to the oil 

and gas industry—they store diesel fuel, gasoline, 

NGL, propane, frack water and a wide range of other fu-

ids. At the same time, these tanks can be a subject of con-

cern to the general public, local authorities and regulators 

who might worry about the potential for leaks, explosions 

and fres.

Accordingly, ASTs are subject to an ever-changing 

thicket of regulations, depending on factors such as the 

size of the tank, its contents and nearby land uses.

Previously, newspaper ads, printed fiers and town 

hall meetings were the usual ways to provide informa-

tion to the public. Now IT, including public websites, 

email lists and social media such as Twitter and Face-

book, can provide information to the public in ways 

that they fnd familiar.

The use of electronic communication and tools deliv-

ered through websites and applications is increasingly 

mandated by regulatory agencies. 

Companies already feeling squeezed by a diffcult hydro-

carbons market may not want to add to the workload of 

their employees by using labor-intensive or traditional 

methods to gather and frequently update information on 

all of their ASTs. Fortunately, current IT makes it easier 

to gather, manage and convey the information that the 

public, and potentially government, requires—and to do 

it cost-effectively.

Field-friendly devices, software
Cataloging and inspecting AST assets is a familiar necessity 

to any operator. The information that is gathered might 

vary by state, stored liquid, operator, etc., so a fexible soft-

ware solution is called for. 

Ruggedized tablets running the right software can accept 

data input onsite and in milliseconds provide an answer 

in a repeatable way while vastly reducing the chance 

for an error. The software can check spelling, provide 

lists of preferred terms or ranges of acceptable val-

ues and also perform calculations to see if items are 

within acceptable limits. 

If a value is unacceptable, the user can receive feed-

back, potentially expediting repairs or maintenance 

tickets to rectify the situation. Field data, photos, 

sketches and many other items can be transferred 

directly into reporting formats—reducing time from 

data collection to a fnished report for an agency.

In generating feld reports from an AST facility, a 

well-designed data-gathering system follows a linear 

procedure and collects observations, measurements 

and data with one visit to the site. The process 

prompts the user to start at the periphery, typically 

determining the land uses around the facility. GPS 

and GIS technology can help measure the distance 

to any sensitive land uses such as a wetland or human 

habitation. Changes from previous site conditions 

can be noted. The software also should require the 

inspector to enter information on the likely direction 

of fow of any releases if the secondary containment 

were to be breached.

Inspection can then move on to the tank itself—its 

condition, piping, associated valves, pumping, electri-

cal and other safety factors.

AST inspections made easy
A new application simplifes tank inspection and the reporting process for operators.

This example of the interface for AST inspection shows calculations 

and dependencies. Based on the entered measurements, the program 

calculates values for several data types, shown with a solid gray back-

ground. If the calculated values fail to meet minimum specifcations 

for available storage or freeboard, the values are displayed in red. 

(Source: Civil & Environmental Consultants Inc.)
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Good software walks the inspector through the nec-

essary steps, modifed to meet the requirements of the 

state, federal or other applicable regulatory authori-

ties, while the crew is still onsite.

Managing data to support prompt action
Experience in developing feld-friendly inspection 

software has found that the technology makes it easy 

to support action taken right away. For example, if the 

inspection team discovers that an earthen secondary 

containment berm does not meet current standards, 

maintenance teams can take action immediately. Next, 

updated data based on the maintenance actions are 

collected, and the results are verifed to meet require-

ments using the application. 

Using an Internet connection and managing the 

data in an electronic form also makes it easy to trans-

mit a report instantly to a central database to plan any 

further work needed to keep a facility in compliance. 

Staff no longer need to key the information found on 

paper inspection reports into a computer upon return 

to an offce environment, improving the accuracy of the 

information, boosting the chances that the calculations 

and fndings can be replicated and reducing the amount 

of time staff need to spend on tedious work. 

Conveying AST data 
Capturing accurate data at the source through elec-

tronic forms that help inspectors gather the right data 

also helps with the need to keep the general public, 

news media, environmental organizations, political 

leaders and regulatory bodies informed about man-

agement of an AST. 

Good software facilitates the gathering of accurate 

data so that websites, including dashboards that summa-

rize the information, are credible, accurate and current.

Case study 
When a leak from an AST contaminated the Elk River 

and consequently the water supply of Charleston, 

W.Va., with crude-4 methylcyclohexanemethanol in 

January 2014, state legislators acted quickly. They 

passed legislation requiring owners of ASTs capable 

of holding 1,320 gal or more to inventory, register 

and prepare emergency response plans for all affected 

tanks and for companies to complete the efforts in a 

matter of months.

This bill, passed in April 2014, required that ASTs in 

the state be registered by Oct. 1, 2014, and complete 

spill prevention response plans for each tank by Dec. 

3, 2014. Inspections, certifcations and, as required, 

statements from licensed professionals had to be 

accomplished by Jan. 1, 2015.

Cabot Oil & Gas Corp., with more than 3,500 well 

locations plus compressor stations in West Virginia, had 

between 1,500 and 1,600 tanks meeting the legislation’s 

specifed minimum size. The company had experience 

working with Civil & Environmental Consultants Inc. 

(CEC) on large-scale data collection and reporting proj-

ects and so reached out once again to CEC to develop a 

possible solution. 

CEC’s Project Manager Jim Pinta, Ph.D., understood the 

logistical challenges established by the volume of required 

data and scheduled deadlines. Pinta addressed the chal-

lenges by combining a proven project management phi-

losophy with an innovative way to improve data collection, 

compilation and reporting. This original approach focused 

on the need to effciently and accurately perform repeti-

tive data collection efforts, which signifcantly reduced the 

time necessary for data compilation such as transposing 

hand-written information from paper sheets into an elec-

tronic format or the labeling of digital photographs and 

the production of photographic logs. 

Additionally, the approach would focus on correctly 

gathering all the necessary information from feld inspec-

tions during a single visit to each site and allow a daily 

electronic review of data collection from a project area 

that spanned several counties. 

To do this, CEC built a mobile software application 

that standardized information gathering, including dig-

ital pictures, into a series of electronic forms. The AST 

application allowed CEC and Cabot staff to verify existing 

information and guided inspection teams through the 

process of gathering all the necessary information on 

each tank, including its location, at least one digital pho-

tograph, and the surrounding land uses and local topog-

raphy, which were required for preparing the emergency 

response plan. 

The application also prompted the inspection team 

through collecting information on the size and contents 

of each tank and the condition of the tank and its hard-

ware such as pumps, pipes and valves. A particularly cru-

cial inspection item was assessing the effectiveness of the 

tank’s secondary containment system. 

The AST application includes calculations that provide 

real-time immediate feedback regarding whether the sec-

ondary containment was of suffcient volume to contain 

the contents of the associated tank(s). 

This solution, developed and deployed by CEC, helped 

Cabot meet the requirements of the legislation in a 

cost-effective manner across a wide geographic area and 

in some highly remote locations. 
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Fracturing service boosts recovery in hydrauli-
cally stimulated wells 
Baker Hughes has released its Ascent high-side fracturing 

service. The Ascent fracturing service increases the con-

ductive fracture area to improve recovery in stimulated 

wells compared to conventional fracturing techniques, a 

product announcement stated. This service incorporates 

specialized modeling, pumping techniques and proppant 

technology to create and maintain open fractures above 

the lateral wellbore. Unlike conventional fracturing fuid 

applications, in which proppant often fails to remain in 

the high side of the fracture network, the Ascent fracturing 

service leverages advanced modeling and strong ultralight-

weight proppant technology with a specifc gravity near 

that of water. The fracturing service keeps the proppant 

in place above the lateral wellbore even after pumping has 

concluded and the formation begins to close, propping 

open those hydrocarbon pathways and ensuring access 

to more potential production—even in formations with 

extended closure times. Additionally, because the service 

transports the proppant using extremely low polymer 

loading, the risk of gel residue restricting hydrocarbon 

fow through the proppant pack is virtually eliminated. 

bakerhughes.com

System remotely monitors oil, gas facilities 
without Internet connection
Sensaphone has introduced a cellular version of its Senti-

nel system that provides 24/7 monitoring of unattended 

equipment and remote locations where Internet or Eth-

ernet connectivity is unavailable. The Sentinel system is 

ideal for monitoring equipment operating at oil and gas 

wells, refneries and storage facilities because it can detect 

changes in conditions such as tank levels, fow rates, pump 

status, power supply and temperature from -78 C to 75.5 C 

(-109 F to 168 F), a press release stated. When the system 

identifes an issue, it immediately sends alerts by phone, 

text or email over standard cellular networks. This instant 

notifcation allows personnel to take corrective action, 

save critical assets and quickly address a potentially costly 

situation. Only one Sentinel unit is required to monitor 

up to 12 different environmental and equipment status 

conditions. The system stores all sensor readings in the 

cloud, which provides unlimited information storage and 

protects against data loss. Multiple devices can be managed 

from one account using web-based management tools. No 

software is required, so installation, integration and man-

agement of the system are fast and easy, the company said. 

The Sentinel system’s enhanced data-logging capabilities 

allow users to print, graph or export event reports daily via 

email, providing an audit trail of all user data activities. In 

addition to the cellular system, Sensaphone offers an Eth-

ernet-based model. sensaphone.com

ESP designed to handle solids, gas and  
heavy oil
Elite Multiphase Solutions has released an alternative 

pump solution for oil and gas well operators and suppli-

ers of electric submersible pumping (ESP) systems. The 

pumps are designed to produce in harsh well environ-

ments. When an oil and gas well has a high volume of 

sand or high volumes of gas and heavy oil, a centrifugal 

pump might not be the best alternative due to the tortuous 

design of the pump stage, thus causing early failure due to 

wear on the pump resulting in vibration, which is highly 

detrimental to the system. The V-Pump is designed to han-

dle solids, gas and heavy oil, thus improving the runlife of 

the ESP system, according to a press release. The V-Pump 

is designed to produce in a range of 900 bbl/d to 5,000 

bbl/d of fuid. The pump can handle high volumes of 

sand with test data exceeding 50,000 parts per million with-

out the need for a sand flter, gas through the pump with-

out the need of a gas separator, and heavy oil. The V-pump 

does not have metal-to-metal contact between the rotor 

and stator (pump stage); thus the pump can operate at a 

wide range for wells with rapid depletions rates. elitemps.com

DNV GL offers barrier management solution 
through HSEQ software
With the latest release of the HSEQ software solution Syn-

ergi Life, DNV GL offers a new barrier management mod-

ule with an integrated system of live bowties and barrier 

dashboards for effective updates and monitoring, a prod-

uct announcement stated. The holistic approach offers a 

way of collecting and consolidating information from both 

proactive and reactive sources to generate more complete 

and updated decision support tools. With the new module, 

users can rapidly track changing risks, preventive barriers 

and mitigations, leading to improved decision-making to 

The Sentinel system delivers 

instant alerts about prob-

lems that can shut down 

production at unattended 

wells and can cost thou-

sands of dollars in product 

loss, downtime and repairs, 

said Dave DeFusco, vice 

president of engineering at 

Sensaphone. (Source: Sen-

saphone)
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secure stable, safe and predictable operations. The soft-

ware features a framework to monitor and manage the 

integrity of barriers with an integrated system of updated 

bowties and barrier dashboards. This includes drill-downs 

to the barrier integrity and underlying data status, prompt-

ing implementation of actions to maintain integrity. It 

provides a line of sight from a corporate perspective down 

to various operational contexts and individual barrier per-

formance, action plans and improvements. dnvgl.com

Friction-breaking tool designed without 
moving parts, elastomers 
The XRVG3 is Thru Tubing Solutions’ third-gener-

ation extended-reach vibratory tool. Engineered for 

operational eff ciency, the new tool features lower 

pressure drops than its predecessors. Designed 

without moving parts or elastomers, the XRVG3 

can handle virtually any environment, chemical or 

temperature, according to the company. The tool 

features a compact rugged design, low differential 

pressure, no moving parts and unlimited temperature 

range and is compatible with anti-friction beads. With 

no moving parts or elastomers, the XRVG3 is “the 

shortest, most reliable” extended-reach tool, accord-

ing to the company. The XRVG3 can be conf gured 

for different f ow rates to accommodate operational 

requirements. Maintaining the nominal f ow rates 

will yield optimal results; however, the tool will still 

operate effectively within a wide range of f ow rates. 

thrutubing.com

Collaboration leads to enhanced lifting 
technology
Sparrows Group and Norwegian f rm OptiLift have 

formed a strategic partnership to deliver robot vision 

laser technology, which will dramatically improve 

the uptime of lifting operations, according to a press 

release. Traditionally, decisions about lifting in harsh 

weather are based on signif cant wave height, but 

OptiLift’s Motion Reporter collects real-time vessel 

movements that identify the actual wave height on 

deck, which often varies by several meters on differ-

ent parts of the vessel. These data will enable crews 

to make informed decisions about safely continuing 

lifting operations and avoiding unnecessary delays. The 

Motion Reporter works using a laser and camera that 

automatically generate 3-D models of supply vessels 

without any sensors or instrumentation required to be 

on the vessel itself. As part of the agreement, Sparrows 

Group will distribute, install and maintain the Motion 

Reporter on behalf of OptiLift. sparrowsgroup.com

Expanded functionality for petrophysicists, 
geologists and engineers
Paradigm has released its Geolog 7.4, the latest version of 

its Geolog formation evaluation software suite. Geolog 7.4 

offers a rich set of new engineering functionalities that 

expand the product’s reach into additional phases of the 

production cycle, a press release stated. This release also 

extends third-party connectivity, including support for 

Petrel 2015, enabling users to bring the power of Geolog 

into workf ows based in other products. Geolog 7.4 

enhances the solution for engineers with tools to enable an 

independent 

assessment of 

well integrity, 

critical to ensur-

ing safe opera-

tions, and new 

well schematics 

and production 

logging tools to 

assist with 

post-production 

formation evalu-

ation. In addi-

tion, a new 

full-functioned 

geomechanics 

module offers a 

comprehensive 

series of calcula-

tions and interac-

tive tools for 

assessing mechanical conditions around the wellbore, 

resulting in a better understanding of the reservoir. New 

reservoir characterization plots enable the estimation of 

reservoir f ow properties from log data. And the Geo-

log pore pressure prediction functionality is now 

available in a single integrated workf ow for improved 

eff ciency. pdgm.com

DOWNLOAD
THE APP

Motion Reporter is being used to transfer cargo from a supply vessel 

to an FPSO unit. (Source: Sparrows Group)

Geolog 7.4 offers a rich set of new engineer-

ing functionalities that expand the product’s 

reach into additional phases of the produc-

tion cycle. (Source: Paradigm)
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T
he Burger J well in the Chukchi Sea offshore Alaska 

joined the Mukluk well in the Beaufort Sea as the two 

biggest disappointments in U.S. Arctic operations. The 

Mukluk well was plugged and abandoned (P&A) by a 

BP-led consortium Jan. 20, 1984. Thirty-one years later, 

the Burger J was P&A by Shell on Sept. 28, 2015. 

The Burger J well was drilled about 241 km (150 miles) 

from Barrow, Alaska, in about 46 

m (150 ft) of water, according to a 

Shell press release. The company 

safely drilled the well to a total depth 

of 2,073 m (6,800 ft). Shell said it 

found indications of oil and gas in 

the Burger J well, but these are not 

suffi cient to warrant further explora-

tion in the prospect. 

Marvin Odum, director, Shell 

Upstream Americas, said, “Shell con-

tinues to see important exploration 

potential in the basin, and the area 

is likely to ultimately be of strategic 

importance to Alaska and the U.S. 

However, this is a clearly disappoint-

ing exploration outcome for this 

part of the basin.”

Shell holds 100% working inter-

ests in 275 Outer Continental Shelf 

blocks in the Chukchi Sea. The com-

pany will now cease further explo-

ration activity in offshore Alaska for 

the foreseeable future. This decision 

refl ects the Burger J well result, 

the high costs associated with the 

project, and the challenging and 

unpredictable federal regulatory environment in offshore 

Alaska, according to the company.

For an area equivalent to half the size of the Gulf of 

Mexico, this basin remains substantially underexplored. 

And that is what will have Shell return to the Arctic when 

oil prices rebound.

Statoil also withdraws from Alaskan Arctic
Citing the results from the Shell well, Statoil decided to 

exit Alaska. The decision means Statoil will leave 16 Statoil-

operated leases and its stakes in 50 leases operated by 

ConocoPhillips, all in the Chukchi Sea. The leases were 

awarded in the 2008 lease sale in Alaska and will expire in 

2020, the company said in a press release. 

The company said it was optimizing its portfolio, 

strengthening fi nancial performance and positioning 

for long-term value. The leases in the Chukchi Sea are 

no longer considered competitive within Statoil’s global 

Companies reevaluate Arctic drilling, 

continue onshore drilling
Shell’s dry hole in the Chukchi Sea led the company to withdraw from the Arctic. Statoil followed suit, 

citing low oil prices and high costs.

The newer development projects on Alaska’s North Slope are aimed at oil production to keep 

the TransAlaska Pipeline System operating. (Source: Jonathan Natzger, Shutterstock.com)
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portfolio, so the decision was made to exit the leases and 
close the offi ce in Anchorage, Alaska. 

Interior Department cancels lease sales

In mid-October 2015 the Department of Interior 
announced it was canceling Alaska Arctic lease sales for the 
remainder of the 2012 to 2017 period and wouldn’t extend 
offshore leases for Shell, Statoil and other companies in 
the Chukchi and Beaufort seas. Leases will expire in 2017 
in the Beaufort Sea and in 2020 in the Chukchi Sea.

“In light of Shell’s announcement, the amount of acre-
age already under lease and current market conditions, it 
does not make sense to prepare for lease sales in the Arc-
tic in the next year-and-a-half,” said Interior Secretary Sally 
Jewell in a statement Oct. 16, 2015. 

There are seven companies with drilling rights in the 
region, but only Shell drilled a well to test the pros-
pect. Statoil and ConocoPhillips also requested fi ve-
year extensions.

U.S. Sen. Lisa Murkowski (R-Alaska) issued the follow-
ing statement on Oct. 16, 2015, after the Department 
of the Interior announced its rejection of Shell Alaska’s 
request to extend its leases and the cancellation of future 
lease sales in the region.

“This is a stunning, short-sighted move that betrays the 
Interior Department’s commitments to Alaska and the 
best interests of our nation’s long-term energy security. 
Instead of seeking to shut down Alaska, Interior should 
remember that the North Slope was nearly abandoned 
after 14 dry holes were drilled. The opportunity to keep 
going led to not only the discovery of Prudhoe Bay but 
also the production of more than 17 Bbbl of oil and a gen-
eration of opportunity for Alaska,” she said.

Liberty Field offshore development plan

Hilcorp Alaska LLC fi led a development and produc-
tion plan for the Liberty Field offshore after closing 
its deal to acquire 50% of the unit from BP. Hilcorp 
also acquired 100% of the Northstar and Endicott 
fi elds from BP and 50% of Milne Point. 

The plan calls for construction of a self-contained 
gravel island connected to land by a subsea pipeline. 
The 9.3-acre manmade Liberty Island will take an 
estimated two years to construct. The island will have 
facilities for drilling, production, support, utilities, 
camp and relief-well area. 

The fi eld is about 24 km (15 miles) east of Prudhoe 
Bay in Foggy Island Bay. Liberty Island will be about 
10 km (6 miles) offshore in 6 m (19 ft) of water. The 
area is protected from the polar icepack by a belt of 
barrier islands.  

Partners in the project include Hilcorp Alaska, BP 
Exploration (Alaska) Inc. and ASRC Exploration LLC.

The environmental review already has begun. The fi eld 
was originally discovered in the 1980s.

North Slope state lease sale 

In a state lease sale on Nov. 18, 2015, about 2.2 million 
acres were offered across the central North Slope area. 
The winning bids were placed by three companies. Accu-
mulate Energy Alaska Inc., a subsidiary of 88 Energy Ltd., 
Australia, and Burgundy Xploration LLC teamed up to 
win 121 tracts (174,240 acres) for a consideration of $4.7 
million. In September 2015 these companies started drill-
ing on their nearby Icewine project targeting shale oil.

A subsidiary of Armstrong Oil and Gas Inc., 70 & 148 
LLC,�picked up 10 leases in the area for about $4.7 million.

Greater Mooses Tooth development

On Oct. 22, 2015, ConocoPhillips received approval to 
build the fi rst oil production facilities in the National 
Petroleum Reserve-Alaska (NPR-A). The Greater Mooses 
Tooth project would ultimately involve drilling 33 wells in 
the NPR-A. 

The Bureau of Land Management (BLM) also held a 
lease sale at the same time as the state lease sale. Cono-
coPhillips spent $788,680 in the BLM lease sale for six 
tracts in the northeastern part of the NPR-A, which are 
next to the Greater Mooses Tooth and Bear Tooth units. 

ConocoPhillips announced that it will spend about $900 
million to develop the Greater Mooses Tooth Unit, with 
production expected to start in 2018. The company has 
plans to drill two or three NPR-A wells this winter. 

Cook Inlet reserves updated

In the executive summary of  the “Updated Engineering 
Evaluation of Remaining Cook Inlet Gas Reserves” pub-
lished in September 2015, the authors noted the Cook 
Inlet Basin has produced 235 Bcm (8.3 Tcf) of gas and 
1.35 Bbbl of oil as of Dec. 31, 2014, with about 33.9 Bcm 
(1.2 Tcf) of proved and probable remaining gas reserves. 

There has been continued concern over whether the 
existing system of natural gas production and delivery in 
the Cook Inlet Basin can continue to meet the energy 
demands of south-central Alaska. This report addresses 
the remaining gas reserves in the Cook Inlet Basin from a 
reservoir engineering perspective. 

All 34 currently or historically producing Cook Inlet gas 
fi elds, many of which contain multiple pools, were evalu-
ated by applying both decline curve analysis and mate-
rial balance engineering methods to the publicly 
available production and pressure data.
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B
efore Ekofsk, there was Groningen. This giant gas 

feld, one of the world’s top 20, revolutionized Europe’s 

energy industry. But it almost didn’t happen.

In a book titled “The Texan and Dutch Gas,” Douglass 

Stewart, who was working at Esso in 1960, recounts the com-

plex political and regulatory wranglings that were needed to 

turn natural gas into a fuel source in Europe, going against 

the coal giants that ruled at the time. 

Stewart was informed 

of a discovery in The 

Netherlands that Shell was 

“holding back on” and 

was sent to Amsterdam to 

check it out. Since the two 

companies had a 50:50 

partnership in the country 

called Nederlandse Aardo-

lie Maatschappij (NAM), 

Esso executives were under-

standably upset about the 

lack of sharing. 

They had bigger issues 

facing them. Europe had 

virtually no natural gas 

infrastructure, and Stew-

art described “the challenging negotiations that led to the 

formation of the northern European gas distribution and 

marketing organizations of the last 40 years.”

Working with his Shell counterpart, Stewart discovered 

that Dutch homes were actually ftted for natural gas, called 

“town gas,” but that it was so expensive that everyone burned 

coal instead. The two men envisioned an infrastructure that 

would connect every Dutch home to gas from Groningen. 

“Although it would take several years to convert all these 

cities to natural gas, the proven gas reserves were more than 

suffcient to supply the households and small commercial 

consumers in The Netherlands,” Stewart wrote. “It was cer-

tain the reserves far exceeded what was being speculated 

at Groningen. The recognition of the untapped market 

beyond The Netherlands, in Germany and Belgium, kept 

growing in [my] mind. Dare [we] imagine even beyond?”

The feld
As it turned out, daring to imagine was exactly what was 

needed. Original estimates of recoverable gas were 2.7 

Tcm to 2.8 Tcm (95 Tcf to 99 Tcf), according to NAM’s 

website. As of 2009, on its 50th anniversary, the feld had 

produced 60% of that.

The reservoir lies at about 3,000 m (9,840 ft) and is 

about 100 m (328 ft) in thickness. It extends over about 

900 sq km (347 sq miles) and has about 300 wells spread 

over 29 production clusters. 

Due to the Arab Oil Crisis in 1973, the Dutch gov-

ernment decided to keep 

Groningen gas in reserve and 

produce from smaller felds, 

using Groningen gas only 

when demand outstrips supply. 

In addition, the feld is used as 

a gas storage feld in the sum-

mer, which helps pressure it 

up for winter production.

Earthquakes
Recently the feld has gained 

notoriety for a series of earth-

quakes, the strongest measur-

ing 3.6 on the Richter scale, 

according to Dutch News. 

According to that source, the 

quakes are caused by the extraction of natural gas. “The 

government has been forced to screw back production 

because of the quakes, which have damaged thousands 

of homes,” the news source reported. NAM also is being 

required, by court order, to compensate the homeowners.

This has caused the government to further reduce 

production in an effort to lower the intensity of the 

quakes. Production in 2015 has been scaled back to  

30 Bcm (1 Tcf).

According to Sander VanRootselaar of NAM, who 

responds to press queries about the earthquakes, the com-

pany is considering various injection strategies to offset 

the subsidence, including CO2, nitrogen and water. “From 

these three options, we’re still studying nitrogen,” he said. 

“There are still technical uncertainties if injection on this 

scale would reduce earthquakes or cause even more.”   

The feld that changed Europe 
Groningen kicked off a frenzy of exploration that ultimately resulted in the devel-
opment of the North Sea. Nowadays it’s making news for a different reason.

The Groningen gas feld in The Netherlands supplies about 70% 

of that country’s natural gas. (Source: CreativeNature R Zwerver/

Shutterstock.com)
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A few months ago E&P featured the pioneering FPSO 

vessel that helped change the way oil companies 

approach small- and medium-sized feld developments—

the Petrojarl I [See the August issue’s Vessel Spotlight]. 

But the next few months will witness another pioneer-

ing FPSO set a new industry standard that few would have 

believed possible 30 years ago when the Petrojarl I—then 

known simply as the “Production Test Ship”—began opera-

tions offshore Norway in 100 m (328 ft) of water.

The new kid on the block is Shell’s Turritella FPSO, which, 

despite being “only” a converted Generation 2 design, will 

be remarkable in that it will become the world’s deepest off-

shore production facility of any kind when it starts fowing 

oil for operator Shell on its Lower Tertiary Stones Field in 

Walker Ridge Block 551. It will sit 2,896 m (9,500 ft) above 

the seabed.

The leased foater, converted and retroftted from a Suez-

max tanker into an FPSO vessel at the Keppel Shipyard in 

Singapore by SBM Offshore, is to work initially for Shell for 

10 years, with extension options for up to 20 years. The ves-

sel left Keppel’s yard in November 2015 to transit to the Gulf 

of Mexico (GoM), with production startup planned during 

frst-half 2016.

The Turritella has a disconnectable internal buoyant 

turret and processing capacity of 60,000 bbl/d of oil and 

424.7 Mcm/d (15 MMcf/d) of gas treatment and export. 

As demonstrated by other weathervaning FPSOs, the ability 

to be able to quickly disconnect and move location in case 

of potential hurricane conditions was a major factor in the 

concept’s selection by Shell.

Other innovations will see the vessel’s turret and discon-

nectable buoy confgured with fexible steel lazy-wave risers, 

the frst ever application of this on an FPSO vessel. An arch 

bend will absorb the motion of the FPSO unit and boost 

riser performance at extreme depths. The mooring system, 

using a lightweight combination of polyester rope and 

chain, also will incorporate the ability to adjust line tension 

during operations by use of an inline mooring connector. 

The Stones Field has recoverable reserves currently esti-

mated at more than 250 MMboe, with more than 2 Bboe of 

oil in place. An initial two subsea wells will be tied back to 

the Turritella, with up to a further six to follow in later phases 

and also employing multiphase pumping. 

With the venerable Petrojarl I recently revamped and set to 

continue producing for at least another 15 years, the Tur-

ritella has a tough reputation to live up to. 
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vessel
SPOTLIGHT

Turritella taking FPSO solution into 
new depths

90

SBM Offshore’s Turritella FPSO sits dockside in Singapore before setting 

off on its journey to the GoM to start work for Shell on the ultradeepwater 

Stones Field, where it will become the world’s deepest producing offshore 

facility. (Source: Shell)

Vessel Facts

Sector: Floating production

Owner:
SBM Offshore/Mitsubishi/Nippon 

Yusen Kabushiki

Converted:
Keppel Shipyard, Singapore (2013 

to 2015)

Deadweight: 159,113 tons

Length/Breadth: 274.5 m by 48 m (900.5 ft by 157 ft)

Transit Speed: 11 knots

Mooring Type: Disconnectable internal turret/buoy

Riser Type: Steel lazy wave

Total Topsides Weight:  7,000 tons

Production Capacity:
60,000 bbl/d oil, 0.42 MMcm/d 

(1.4 Bcf/d) gas

Storage Capacity: 800,000 bbl

Water depth: 2,896 m (9,501 ft)

First Location: Stones Field, GoM

http://EPmag.com


http://hartenergyconferences.com


January 2016   |   EPmag.com92

international
HIGHLIGHTS

AFRICA

Kosmos scores again offshore Mauritania

Kosmos Energy has made a play-extending gas 
discovery offshore Mauritania, bolstering its 
confidence in the underexplored basin and laying 
the foundation for an LNG project. But the search is 
still on for oil. The Atlantic Margin-focused E&P said 
its Marsouin-1 exploration well in Block C offshore 
Mauritania hit at least 70 m (230 ft) of net gas pay in 
Upper and Lower Cenomanian intervals comprised 
of excellent quality reservoir sands. Drilled in nearly 
2,400 m (7,874 ft) of water, the well is located about 
60 km (37 miles) north of the Tortue-1 gas discovery 
that opened the basin, Kosmos said. The company’s 
quest could unlock a new petroleum system to 
help meet the world’s growing energy needs. The 
company, which reported on Nov. 2, 2015, that year-
to-date capex was about $515 million, spent about 
$130 million to drill the Marsouin-1 well.

Fugro lands contract for Equatorial Guinea survey

Fugro has been awarded a contract by Ophir Equato-
rial Guinea (Block R) Ltd. for the provision of survey 
services for the development of assets and infrastruc-
ture offshore Equatorial Guinea, according to a news 
release. Under the contract, Fugro will deploy three 
of its specialist vessels—Fugro Searcher, Fugro Scout and 
Fugro Frontier—to perform AUV surveys as well as geo-

technical, environmental and metocean surveys. The 
survey program will take place at the Fortuna Project 
west of Bioko Island, where Ophir is planning a large 
floating LNG installation and associated subsea struc-
tures. The surveys were scheduled to begin in Novem-
ber 2015, and the offshore operations are scheduled 
for completion in January 2016.

ASIA

Husky banking on Indonesia

Husky Energy and its partners have achieved a 
significant milestone in advancing the Madura Strait 
BD gas-condensate field offshore Indonesia toward 
production, Subsea Engineering News reported. The 
jacket and wellhead platform for the liquids-rich 
gas development were sailed out in October 2015 
and have been successfully installed in about 55 m 
(180 ft) of water. Development drilling is expected 
to begin soon, and the project remains on target 
for first production in 2017. The BD Field is the 
first of a series of gas developments the company is 
advancing offshore Indonesia. Construction of an 
FPSO vessel to process gas and liquids production 
from the field is about 30% complete, and all major 
long-leadtime items have been ordered. Husky said 
it is continuing to progress a series of other gas 
developments offshore Indonesia that are expected 
to add production in 2017 through 2019. A tendering 
process is underway for a floating production vessel 
and related engineering, procurement, construction 
and installation contracts for the combined MDA-
MBH fields, also located in the Madura Strait. The 
MDA-MBH fields are expected to produce about 1.4 
MMcm/d (49 MMcf/d) of gas at peak production. 
A third discovery, the MDK Field, is planned to be 
tied into the MDA-MBH Field infrastructure. A plan 
of development has been approved, and the field is 
expected to produce about 0.28 MMcm/d (net) (9.9 
MMcf/d net) at peak. 

AUSTRALIA

Northern Territory declines Palatine’s fracking plans

Australia’s Northern Territory government has shot 
down a company’s plans to use hydraulic fracturing 
to extract tight oil in the region. Palatine Energy Pty. 
Ltd., a privately held company, applied to explore 
in the Watarrka national park region four years ago, 
disclosing that it would need to use fracking methods 
to extract the tight oil contained in the permit. Due 
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to the introduction of new oil and gas guidelines 
announced in November 2015,  the company’s four-
year-old applications had been rejected, said David 
Tollner, the Northern Territory’s mines and energy 
minister, in a statement Nov. 24, 2015. Watarrka 
Park, located about 320 km (199 miles) southwest of 
Alice Springs, contains three Aboriginal living areas 
and remains culturally significant to Aboriginal peo-
ple. The area also contains more than 600 species of 
plants and numerous native animals. “Both applica-
tions were assessed as not satisfying all of the recently 
announced criteria,” Tollner said. Under the new 
measures, the Northern Territory government will 
refuse to grant acreage release and exploration per-
mits where there is a land use conflict based on crite-
ria that includes areas of intensive agriculture, high 
ecological value and cultural significance.

EUROPE

Maersk lands contract for Maersk Venturer drillship

Maersk Drilling received a contract for the Maersk 

Venturer drillship from Total, Maersk reported Dec. 
1, 2015. The contract covers one exploration well 
(estimated duration 120 days) in Block 14 offshore 
Uruguay. The estimated contract value is $44 milli-
on excluding mobilization. The drilling program is 
scheduled to begin in March 2016. Maersk Venturer is 
the third in a series of four ultradeepwater drillships 
in the company’s fleet. The four drillships’ total 
investment is $2.6 billion. The other three have all 
secured long-term contracts. The new drillships 
have dual derricks and large subsea work and stor-
age areas. They have multimachine control on the 
drill floor. 

Norway’s oil investments could fall farther in 2016

Norway’s oil and gas investments, a cornerstone of 
the country’s economy, are set to fall more than 
previously predicted in 2016 due to a sharp decline 
in exploration spending, data from Statistics Norway 
(SSB) showed Nov. 24, 2015, according to a Reu-
ters report. Oil and gas firms have slashed spending 
repeatedly in their struggle to cope with the 60% 
drop in oil prices since June 2014. The fresh oil 
survey was broadly in line with the central bank’s 
forecast, economists said. Overall, 2016 oil industry 
investments are now seen falling 11% on the year 
to $19.77 billion. The 2016 exploration estimate 
dropped by 35%. “Due to low oil prices and opera-
tors’ processes to cut rig costs, the number of active 

rigs on the Norwegian Shelf is expected to decrease 
in 2016. The decrease in the exploration estimate 
for 2016 should be viewed against this background,” 
SSB said. Statoil also said in November 2015 that it 
expected less exploration in 2016. 

Workers rescued from damaged offshore platform

Forty-two workers were rescued from an offshore oil 
platform that caught fire in Azerbaijan’s sector of the 
Caspian Sea, Azeri independent TV ANS reported 
Dec. 4, 2015, according to Reuters. Azeri state energy 
company SOCAR was not immediately available to 
comment. SOCAR said in early reports that the fire 
started after a gas pipeline on the platform was dam-
aged in heavy wind. It said the rescue attempt was 
being complicated by a heavy storm. One of the work-
ers called a Reuters correspondent from the platform 
and said there were 84 people trapped. SOCAR also 
said earlier that workers were missing after an acci-
dent at another offshore oil platform during the 
storm. A search-and-rescue operation was underway, 
it added. Fourteen workers were killed in accidents 
on SOCAR’s oil and gas platforms in 2014.

RUSSIA

Rosneft, BP complete Siberian deal

Rosneft has completed its deal to sell a 20% share of 
Taas-Yuryakh Neftegazodobycha LLC to BP, accord-
ing to a news release. The joint venture (JV) between 
Rosneft and BP will continue development of the 
Srednebotuobinskoye oil and gas condensate field, 
which is one of the largest fields in Eastern Siberia. 
The JV also will undertake the development of suit-
able infrastructure for further exploration and devel-
opment of the region’s reserves. In addition, Rosneft 
plans to select a second partner in Taas-Yuryakh Neft-
egazodobycha. 

SOUTH AMERICA

Petrobras lost 2.29 MMbbl of oil during strike

In November 2015 Petrobras said it had been unable 
to produce 2.29 MMbbl of oil and 48.4 MMcm (1.7 
Bcf) of natural gas during a strike that began Nov. 1, 
2015, Reuters reported. The company said the 
majority of unions representing oil workers had 
voted to end the strike, thought to be the most 
disruptive in 20 years. The largest federal union party 
proposed ending the strike Nov. 14, 2015, though 
some hold-out unions continued. 
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on the
MOVE

PEOPLE

Centurion Terminals LLC named 

Tom Ramsey CEO. 

Kevin Gallagher, currently CEO of 

Clough Ltd., was appointed new 

managing director and CEO of San-

tos Ltd.

Ziebel named  Francis Neill 

CEO.

Warren Resources selected James 

A. Watt as president and CEO. The 

company also appointed Brian Gel-

man interim CFO and announced 

the departure of Stewart P. Skelly as 

vice president and CFO. 

ACE Winches 

appointed Richard 

Wilson (left) COO, 

replacing Gra-

ham Thomson, who decided to 

step down to spend more quality 

time with his family and focus on 

personal business initiatives. In 

addition, Hayley Yule (right) was 

recently named marketing and com-

munications director. 

Asset Risk Management (ARM) has 

hired three senior executives and 

promoted another: Michael Chris-

topher as CFO and chief investment 

offcer; Shannon Flowers as senior vice 

president, head of crude marketing, 

North America; and Bruce Bianchini 

as senior vice president, origination. 

ARM also promoted Stephanie Barker 

to senior vice president, origination.

Lloyd’s Register appointed 

Mary Waldner group CFO. 

Lauren Engineers & Constructors Inc. 

promoted Randy Lipps to president 

(in addition to his current role as 

COO), Tom Modisett to CFO and sec-

retary/treasurer, and Cody Bryant to 

senior vice president.

Benjamin Atkins joined 

NextDecade LLC as CFO.  

PA Resources CFO Tomas Hed-

ström resigned, effective at year-

end 2015, to take up a position at 

another company. Urban Adolfson, 

head of group control and account-

ing, was appointed acting CFO, 

effective Dec. 1, 2015.

Electromagnetic Geoservices ASA’s 

CFO Svein Knudsen has tendered 

his resignation. 

National Fuel Gas 

Co.’s (NFG) Anna 

Marie Cellino 

(left), president 

of National Fuel Gas Distribution 

Corp. (NFGD), the utility segment 

of NFG, has indicated her intention 

to retire, effective Feb. 1, 2016. She 

will be succeeded by Carl M. Car-

lotti (right), currently senior vice 

president of NFGD. 

Paul Danos, executive 

vice president of Danos, 

has been chosen to serve 

on the National Ocean 

Industries Association’s board of 

directors.

MDU Resources Group Inc. selected 

Daniel S. Kuntz as general counsel and 

secretary, effective Jan. 9. He succeeds 

Paul K. Sandness, who is retiring Jan. 8.

Saudi Total selected Hisham Atalla as 

general manager.

Wood Group Mustang promoted Kent 

McAllister to president of its offshore 

business unit.

Michael Hall has been 

recruited to technical special-

ist within Honeywell Security 

& Fire to support further 

growth in the FAAST Aspirating Smoke 

Detection business.

Forum Subsea 

Rentals (FSR) pro-

moted Nicki Nich-

olls (left) to global 

business director and appointed 

Christian Blinkenberg (right) global 

sales and marketing director of 

FSR’s Global Services Division.

Element Materials Technology 

named Marie Halliday global coat-

ings specialist within the oil and  

gas sector.

Chevron Corp.’s Michael Wirth will 

become executive vice president for 

midstream and development, and 

Pierre Breber will become executive 

vice president, downstream and 

chemicals, effective Jan. 1. 

Power Feed-Thru Systems and 

Connectors LLC appointed Gene 

Barnett vice president responsible 

for global manufacturing and 

operations and Thomas (Tommy) 

White vice president of global sales 

and marketing. 

Antony Croston, a man-

ager with Wood Group, 

has become one of the few 

members to achieve Fellow 

status by age 35 or under in the 

160-year history of the Institution of 

Mechanical Engineers. 

Peterson appointed Chris 

Coull regional director.  

Royal Dutch Shell Plc selected 

Maarten Wetselaar as integrated gas 

director, effective Jan. 1.

The Bureau of Ocean Energy 

Management named Mike Celata 

regional director of the Gulf of 

Mexico Outer Continental Shelf 

region. 

J. Mike Stice joined Mexico’s EIM 

Capital’s board of advisers.
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Birgit Nørgaard of Kværner ASA 

resigned of her own volition from her 

position as nonexecutive director of the 

company, effective October 2015.

The World Energy Cities Partnership 

welcomed Mike Savage, mayor of Hali-

fax, Canada, as its new president elect to 

its board of directors. Savage’s two-year 

term starts in January.

Anadarko Petroleum Corp.’s board of 

directors named Mitchell W. Ingram 

executive vice president, global LNG, 

effective Nov. 2, 2015.

Cimarex Energy Co.’s board of directors 

appointed Lisa A. Stewart independent 

director, effective Oct. 30, 2015.  

Petrobras’ Clovis Torres Junior resigned 

in November 2015 for personal reasons 

from both his positions as a board mem-

ber of Petrobras and as a chairman of 

Petrobras Distribuidora S.A.

Gastar Exploration Inc. named Jerry 

R. Schuyler chairman of the board of 

directors, replacing John M. Selser Sr. 

who resigned from the board to focus 

on other business interests.

COMPANIES 

Absolute Noise Control expanded its 

Texas and Pennsylvania locations into 

Colorado in 2015.

Sembcorp Marine launched its new 

steel structure fabrication workshop 

in November 2015. The 120,000-sq-m 

(1.2-million-sq-ft) facility at Sembcorp 

Marine’s Tuas Boulevard Yard is the 

largest of its kind in Southeast Asia. 

Fritz Industries Inc. opened its new 

Houston Technology Center Nov. 5, 

2015.  The 1,208-sq-m (13,000-sq-ft) 

Houston site will employ a staff of 

research scientists including skilled 

chemists and laboratory technicians in 

Houston’s Energy Corridor.

Gardner Denver’s Petroleum & 

Industrial Pumps Division opened a 

6,503-sq-m (70,000-sq-ft) regional repair 

center in Odessa, Texas, in November 

2015.  
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Jessica Garrison, Stratas Advisors

G
lobal shale was quickly thrust into the limelight 
when North America frst discovered and began to 

develop its initial shale prospects during the early years of 
the shale revolution. It didn’t take long for other regions 
to take note.

In 2013 the Energy Information Administration ranked 
Argentina as the second largest shale gas reserve in the 
world, with onshore shale gas reserves estimated at 22.7 
Tcm (802 Tcf). Argentina also was ranked the world’s 
fourth largest resource holder of technically recoverable 
shale oil, with reserves estimated at 27 Bbbl. Since 2013 
Argentina has been making strides to attract the foreign 
investment needed to exploit its emerging unconventional 
plays and fund the expansion of existing infrastructure. 

To support commercial production rates of uncon-
ventional resources on the necessary economy of scale, 
current facilities, pipelines and other supply chain sys-

tems will need to be expanded and updated. In October 
2014 Argentina revised its hydrocarbon law in an effort 
to attract the investment and technical experience of for-
eign operators to spur exploration and development of 
its recently discovered unconventional shale resources. 

Spanning late 2010 through 2011, Respol-YPF discov-
ered the unconventional shale resources in the Neuquén 
Basin. Soon after, the Argentinean government, under 
President Cristina Fernandez de Kirchner, accused the 
company of underinvesting in exploration of Argentina’s 
shales and effectively expropriated all of Respol’s local 
assets in 2012 to YPF (now a separate national oil com-
pany [NOC]). Although an agreement was reached to 
pay reparations to Respol in early 2014, mid-way through 
the year the country managed to default on its debt a sec-
ond time. 

YPF predicts $200 billion over the next 10 years will 
be required to fully develop the Neuquén Basin’s Vaca 
Muerta Shale resources. With the amendments to its 
hydrocarbon law and the prices of oil and natural gas 

set artifcially high by the state 
at $75/bbl and $7.50/MMBtu, 
respectively—currently the high-
est going prices in the world—
Argentina’s shale basins could be 
garnering more interest. 

A number of large operators 
such as Chevron, Royal Dutch 
Shell, Total Austral, Petronas and 
Exxon Mobil have joined YPF in 
increasing exploration activity. 
With political and economic 
uncertainty running high, along 
with high drilling costs and infa-
tion, operators likely have been 
waiting to learn the results of the 
presidential run-off election in 
November 2015 (opposition pres-
idential candidate Mauricio 
Macri won the election Nov. 22) 
and any potential policy changes 
before determining whether they 
will move forward to produce 
their assets. 

last
WORD
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Argentina holds vast shale resources
Latin American shale basins contain plentiful resources, with Argentina 
containing the majority of prospective activity.

Prospective shale basins within Argentina are shown. (Source: Stratas Advisors)
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