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Jens Mueller, Nord Stream 2 AG, Switzerland, outlines the 
pipeline project’s progress, covering all aspects from the 
complex logistics to the adaptable construction solutions.

Last year (2018) was an important year for the European 
energy industry. Confirmation of the imminent closure of 
its largest gas field – Groningen in the Netherlands – was 
the latest development to confront the industry with the 

prospect of an overall 50% decline in domestic gas production 
in 20 years, while demand is expected to remain stable. In 2018, 
existing suppliers like Russia and Norway made best use of 
existing gas infrastructure – for example, with Gazprom sending 
increased amounts via Ukraine, Belarus and Nord Stream – and 
Europe continued to develop plans for new pipelines, LNG 
terminals and interconnectors so as to be best prepared for the 
future supply/demand challenges. 

In this context, Nord Stream 2 will clearly be a major part of 
the solution. Despite political headwinds, 2018 saw solid progress 
in Europe’s largest energy infrastructure project. Nord Stream 2 
is on track to give European buyers direct access from 2020 to 
the world’s largest gas reserves in Russia, by the shortest route. 
The new pipeline will help satisfy Europe’s growing gas import 
demand as its own production declines.

The project – with a construction budget of approximately 
€8 billion financed by Gazprom, Wintershall, Uniper, Engie, OMV 
and Shell – is at an advanced stage: the main construction and 
supply contracts are in place with commitments for over €6 
billion, and construction of the modern high-pressure offshore 
gas pipeline system through the Baltic Sea is well underway. As 
with Nord Stream (1), with which it shares many engineering 
solutions, gas will enter the Nord Stream 2 pipeline at up to 220 
bar, so that the gas will flow all 1230 km through the Baltic Sea 
without the need for any interim compressor stations – reducing 
both fuel costs and CO

2
 emissions.

The starting point of Nord Stream 2’s twin pipelines is located 
in Narva Bay in the Kingisepp district of Russia’s Leningrad region, 
where they connect to the Russian gas network. Gas will be 
fed into the pipeline from the Slavyanskaya compressor station, 
operated by Gazprom.

Compliant
The pipeline route passes through the waters of Russia, Finland, 
Sweden, Denmark and Germany, and permits to construct and 

operate the pipeline system were required from the competent 
authorities in all five countries. In 2018, permits were received 
from four of the five countries – Denmark is still undecided – 
confirming that the detailed plans comply with all applicable 
national and EU laws and international conventions, as well as 
setting conditions and timing for implementation.

The Swiss-based project developer Nord Stream 2 AG 
has carried out numerous consultations throughout the Baltic 
Sea region, conducted extensive surveys and made sure that 
every aspect of the project plan meets all applicable laws and 
regulations. Moreover, as the marine environment of other 
countries around the Baltic Sea could also be affected, the 
international consultations regarding the project under the UN’s 
Espoo convention also included Poland, Lithuania, Latvia and 
Estonia.

Pipelaying underway
Seabed preparation – including munitions clearance, rock 
placement and crossings – has been carried out where necessary, 
and pipelaying started in the Gulf of Finland in late summer, 
followed by Germany and Sweden. 

Crossing installations were needed where the pipeline route 
intersects with telecommunications and power cables, or other 
pipelines. Cables have been protected by concrete mattresses. 
Rock placement at precise locations will ensure that pipeline 
integrity is maintained for its 50 year design life – for example, 
rock berms have been created to support the pipeline where 
the seabed is uneven. The project company has contracted 
five pipelaying vessels to lay pipe in different sections of the 
1230 km route: Allseas’ Solitaire, Pioneering Spirit and Audacia, 
Saipem’s Castoro Dieci/C10 and MRTS’ Fortuna. By the end of 
2018, Solitaire, Audacia and C10 had laid [XX – NB figure to be 
provided] km of the pipelines, and in mid December the world’s 
largest pipelay vessel Pioneering Spirit started to lay pipe in the 
Gulf of Finland.

The twin pipelines are not being laid sequentially. 
Construction methods, vessel fleet and the complex schedules 
for different sections of the route are adapted for environmental 
factors, such as the locations and breeding seasons of marine 
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The megasewer system that sits 
underneath the US city of Chicago is 
tasked with the job of removing 
millions of gallons of wastewater from 

downtown sewers and streets, funnelling water 
into three huge suburban reservoirs. Conceived 
in the 1970s, the Deep Tunnel, formerly the 
Tunnel and Reservoir Plan, was completed in 
2006 and is described as potentially “the world’s 
most ambitious and expensive effort to manage 
urban flooding and water pollution” in a recent 
article by Henry Grabar in Slate.1 The 
Metropolitan Water Reclamation District of 
Greater Chicago built and operated the 50 year 
multi-billion dollar tunnel and reservoir project 
to prevent flooding that, since urban sprawl in 
Chicago became widespread, regularly spewed 
sewage-infused water into basements and onto 
sidewalks and into the 
Chicago River, causing 
hundreds of millions of 
dollars’ worth of flood 
damage to property all 
over the city. Rainstorms 
are getting stronger and 
metropolitan development 
has effectively sealed up 
natural land that once 
would have flooded and 
provided a collection point 
for extra water. I was 
fascinated to learn from Grabar’s excellent 
article that before major settlement in the 
Chicago area, the Des Plains River would (some 
years) flood the mud flats west of Lake 
Michigan, creating a temporary inland water 
passage across the continent. 

Just like other metropolitan, flood-
vulnerable cities such as Houston, or Miami, 
rainwater – mixed with sewage and sea or river 
water – increasingly threatens to damage and 
pollute homes and businesses. The Deep Tunnel 
is what experts call a ‘grey infrastructure’ 
solution: meaning that tunnels, pipes, tanks and 
so on are pitted against mother nature’s 
awesome force. 

Many have questioned the success of the 
Deep Tunnel project: a handful of big storms 
have proved too much for the tunnel system in 
the last ten years, and flooding in Chicago is still 
commonplace. It seems it won’t be quite 
enough to employ the tunnel’s ‘grey 
infrastructure’. ‘Green infrastructure’ in various 
forms is probably needed too, perhaps by the 
way of porous pavements and other natural or 
man-made water-collecting or bypassing 
methods. 

Another tunnel project facing mixed 
reviews is the plan to build a pipeline tunnel 

beneath the Great Lakes, to house the 
replacement dual pipelines for Enbridge’s Line 
5, which since 1953 has transported oil and 
NGLs from Superior, Wisconsin (USA) to Sarnia, 
Ontario (Canada). In late December, the 
Mackinac Straits Corridor Authority (a newly 
formed state panel) approved an agreement 
with Enbridge Energy LLC to build a tunnel 
beneath the Straits of Mackinac that will 
house the new pipelines and other utilities. 
Then Michigan Governor Rick Snyder, in his 
last days in office, approved a transfer of 
property rights so that Enbridge could 
construct the tunnel as deep as 30.4 m in the 
bedrock. The tunnel, once completed, will be 
handed over to the Mackinac Straits Corridor 
Authority, which will then lease space in the 
conduit. Snyder is confident that the 

US$350 - 500 million tunnel 
venture will provide a safe 
home for the replacement 
pipelines, rendering the 
pipelines impervious to the 
risk of anchor strike and 
adding another layer of 
protection in the (rare) event 
of a pipe failure during 
operation. 

However, on 1 January, 
incoming Governor Gretchen 
Whitmer took her post and 

immediately made moves to block the project. 
As she had promised to voters, she put in a 
formal request to the new Attorney General 
Dana Nessel for a legal opinion on several key 
parts of the project. Gov. Whitmer argues that 
the construction of the tunnel will leave 
Michigan at risk of a major spill while works are 
being carried out (the time frame for the tunnel 
project is seven to 10 years). Whitmer 
(a Democrat) makes the case that Snyder 
(a Republican) rushed through the agreement 
with Enbridge and relied on recent legislation 
that was passed in a Republican-controlled 
Legislature during the recent ‘lame-duck’ session. 

The tunnel is expected to be complete in 
2024. Enbridge will be held to certain 
operational terms, including requirements to: 
keep staff on site at the Straits; be ready to shut 
down the line within 15 mins in adverse 
conditions (if waves go above a certain height, 
for example); employ radar technology to track 
waves; and to set aside US$1.9 billion for 
clean-up in the event of a disaster. Enbridge will 
also increase leak detection at other water 
crossings in Michigan. 

1. https://slate.com/business/2019/01/chicagos-deep-
tunnel-is-it-the-solution-to-urban-flooding-or-a-cautionary-
tale.html 
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World News
Arctic Circle: Polarled pipeline is in operation 

Natural gas began flowing regularly through the Polarled 
pipeline on 16 December, opening up a completely new 
province for supplying Norwegian gas to Europe.

This facility is the first offshore pipeline to cross the Arctic 
Circle. Running for 482 km, the pipeline carries output from 
the Aasta Hansteen field in the Norwegian Sea.

The pipeline terminates at the Nyhamna plant in western 
Norway, where the rich gas gets processed before dry gas is 
sent on to the UK and continental Europe through Norway’s 
integrated transport system.

In order to accommodate deliveries from Aasta Hansteen 
and future discoveries in the Norwegian Sea, the Nyhamna 
plant has been extensively converted and expanded.

“Starting up Polarled shows us that the Norwegian 
continental shelf is still under development” observes Frode 

Leversund, CEO of operator Gassco. “It will help to maintain 
gas deliveries from Norway to Europe for a long time to 
come.” Norwegian gas has never been in such demand as it is 
today. In support of that contention, Leversund points to the 
record deliveries to Europe achieved through Norway’s gas 
transport system this summer.

Gassco is the operator of the pipeline and Shell is the 
technical service provider (TSP) for the Nyhamna gas processing 
plant. The Polarled pipeline is almost 1300 m below sea level 
and 300 km west of Bodø. The pipe is 36 in. in diameter, and the 
transport capacity for gas is approximately 70 million m3/d.

Gassco is the operator of the Norwegian gas transport 
system. Polarled expands the existing transport system, 
comprising several platforms and a total of 8829 km of 
pipelines. 

Enbridge’s Straits infrastructure project moves 
forward with tunnel

Enbridge’s continued commitment to modernising its system at 
the Straits of Mackinac will make Line 5 among the safest, 
most reliable stretches of pipeline in North America. 

The replacement of Line 5 inside a tunnel will protect one 
of the most important and vital natural resources in the world. 
Buried 100 ft below the lakebed, the chances of a product 
release into the Straits are reduced to near zero.

Agreements completed in mid December in partnership 
with the State of Michigan and the Mackinac Straits Corridor 
Authority reflect Enbridge’s commitment to environmental 
protection at the Straits.

In fact, Enbridge has already applied for permits to begin 
taking rock and soil samples at the Straits. The results from 
this work will provide information that will aid in the design 
and construction of a tunnel.

Enbridge’s target completion date for the tunnel project is 
2024.

While the tunnel is constructed, Enbridge will also put in 
place enhanced inspection and operations protocols for the 
current Line 5. These important steps, some of which are part 
of the company’s original agreement with the State dating 
back to 2017, will ensure that the pipelines will continue to 
operate safely.

Additional measures that will be used right away on the 
current Line 5 pipelines include:

 ) Providing funding for cameras to give the Coast Guard 
real-time monitoring capabilities of ships entering the 
Straits.

 ) Shutting down Line 5 in the Straits during adverse weather 
conditions.

 ) Enhancing safety at other Line 5 water crossings.

The tunnel represents an approximately CAN$500 million 
investment by Enbridge. 

EUGAL pipeline crosses the River Elbe

EUGAL’s team has confirmed that the pipeline has crossed the 
River Elbe in Germany. “In Coswig we ha[d] a very special 
challenge – we cross[ed] the Elbe,” explains Ioannis Plakidis-
Adamer, EUGAL Site Manager and responsible for this 
construction site. “A team of 50 construction workers has spent 
more than two months working to make this move possible.

“We pull[ed] a welded-together pipe section of about 
230 m in length and a weight of more than 900 t with the help 
of a winch through the Elbe,” says Plakidis-Adamer. In the river, 
a trench about 5 m deep was dug for this purpose. The 
pipeline lies at least 2.5 m below the riverbed of the Elbe.

The pipe itself has a diameter of 1.40 m and is additionally 
encased in concrete in the Elbe area. Shipping will continue to 
operate normally after completion of construction work in the 
river. 

Pioneering Spirit joins Nord Stream 2 effort

At the end of December, dynamically positioned pipelay 
vessel Pioneering Spirit joined Nord Stream 2’s construction 
fleet and started pipelay works in the Finnish Exclusive 
Economic Zone (EEZ). She will continue installation of the 
natural gas pipeline following pipelay vessel Solitaire, which 
started construction in Finland in September. Solitaire has 
moved to the southern part of the Swedish EEZ, where it will 
start construction of the 510 km section there for the next few 
months. 

Pioneering Spirit, operated by Allseas, is 382 m long and 
124 m wide, and hosts an international crew of 570, whereas 
Solitaire is 300 m long and 41 m wide with a 420 strong crew. 
The pipelay vessels are supported by a survey vessel, which 
will monitor the pipelay process and ensure that the pipeline 
is installed at its correct position along the agreed route on 
the seabed. Pipe joints will be supplied to the pipelay vessels 
around the clock from the project’s nearest logistics hub in 
Hanko, Finland and Karlshamn, Sweden respectively, to reduce 
the environmental footprint. 
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IN  BRIEF

World News
GREECE
The European consortium formed 
by Snam (60%), Enagás (20%) and 
Fluxys (20%) completed the 
acquisition of a 66% stake in 
DESFA, the operator of Greek 
natural gas transport network, to 
the Assets Development Fund of 
the Republic Hellenic (HRADF) and 
Hellenic Petroleum, for an amount 
of €535 million.

CANADA
TransCanada Corporation has 
announced that it has secured 
675 000 GJ/d (630 million ft3/d) of 
new natural gas transportation 
contracts from the Western 
Canadian Sedimentary Basin 
(WCSB) on TransCanada’s Canadian 
Mainline. Its North Bay Junction 
open season resulted in long-term, 
fixed-priced contracts for service 
that will reach markets in Ontario, 
Quebec, the Maritimes and the 
Northeastern US.

AUSTRALIA
DOF Subsea Australia Pty Ltd’s 
existing subsea inspection, 
maintenance and repair contract 
with Chevron Australia has been 
extended. DOF Subsea has 
successfully provided IMR vessel, 
ROV, AUV, project management 
and engineering services, including 
onshore and offshore professional 
personnel to execute various work 
scopes supporting construction 
and IMR activities on the Chevron-
operated Gorgon and Wheatstone 
Projects and other assets since 
February 2015.

BRAZIL
McDermott International, Inc. has 
announced a large contract award 
by Petrobras for a natural gas 
pipeline project in support of the 
client’s Santos basin pre-salt field 
programme. The contract covers 
the implementation of the ultra-
shallow segment of the new Rota 
3 gas export pipeline.

Mountain Valley Pipeline 70% complete by year-end

Mountain Valley Pipeline, LLC, gave a 2018 
year-end project update, supporting its 
targeted 4Q19 full in-service date and 
reaffirming a total Mountain Valley 
Pipeline (MVP) project cost estimate of 
US$4.6 billion.

Mountain Valley expected to have 
approximately 70% of the MVP project 
complete by year-end, which includes the 
welding of nearly 58% of the pipeline and 
the ongoing construction work of all 
compressor stations and interconnects that 
are expected to be complete by February 
2019. Most recently, MVP construction 

crews have been focused on stabilising the 
right-of-way for the winter season.

“Construction of MVP began in February 
2018 and, despite various setbacks and 
unprecedented weather conditions, we 
have made substantial progress this year,” 
said Diana Charletta, Chief Operating 
Officer, Equitrans Midstream Corporation. 
“The MVP project team takes its 
environmental stewardship responsibilities 
very seriously and we will continue to 
comply with the laws and regulations 
related to the safe and responsible 
construction of our MVP project.” 

Wood Mackenzie: European pipeline bottlenecks to limit Russian gas 
imports

Wood Mackenzie predicts that 
infrastructure bottlenecks in Europe will 
limit Russia’s export capacity in 2019.

Wood Mackenzie reports that, in 2018 
Russia delivered 200 billion m3 of piped 
gas into Europe, a figure which meets close 
to 40% of the region’s gas demand. But 
Europe’s import requirements are growing 
– Wood Mackenzie estimates it will need 
a further 77 billion m3/y by 2025 – and 
there are doubts Russia’s export capacity 
will be able to keep pace.

The problem is not that Russia does 
not have the capacity or volumes to 
export, it is that infrastructure bottlenecks 
in Europe will limit Russia’s export capacity, 
forcing European consumers to turn to 
LNG. 

“Wood Mackenzie believes Europe’s 
LNG requirements will more than double 
by 2025,” Hadrien Collineau, Senior 
Research Analyst, Gas and LNG, said. 
“Europe’s growing gas import dependency, 
coupled with constraints on Russian 
pipeline exports, mean that LNG imports 
will have to increase.”

He added: “On the face of it, Russia is 
well positioned to further increase flows 
to Europe, given it has existing pipeline 
export capacity of 257 billion m3/y. And it 
has started construction of two major 
pipelines: Nord Stream 2 and TurkStream. 

“On paper, these two links could see 
Russia’s pipeline export capacity to Europe 
reach 343 billion m3/y. But effectively, 
capacity to Europe will be much less, 
perhaps even as low as 235 billion m3/y.”

The difficulties, Mr Collineau said, start 
at Baumgarten. Because both Nord 
Stream 2 and Turkstream are designed to 

converge at the Austrian hub, there will be 
limited pipeline capacity at Baumgarten to 
deliver additional gas through Ukraine, 
even if Russia wanted to. 

He said: “These capacity constraints will 
have an impact on all the export routes 
Russia uses to access European markets.

“Russia currently has 257 billion m3/y 
of export capacity to Europe. Some 
128 billion m3/y of that is Ukraine transit 
capacity. Nord Stream 2 and TurkStream 
add 87 billion m3/y of capacity but these 
links will make use of existing European 
infrastructure, which then limits the 
volume of gas that can transit Ukraine to 
20 billion m3/y. Consequently, overall 
Russian export capacity to Europe will 
only increase to 235 billion m3/y.”

Arguably, additional pipeline capacity 
could be built to overcome these 
bottlenecks. A new pipeline in Germany 
could better link Nord Stream 2 to 
northwest Europe, instead of directing the 
majority to Slovakia, enabling more flows 
through Ukraine. Alternatively, Russia could 
choose to build additional pipeline strings 
on the Nord Stream or TurkStream routes 
to access Europe.

For some time, northwest Europe has 
been regarded as the ‘sink’ of the global 
LNG market. This might well be the case 
over the next two years as global LNG 
supply growth exceeds LNG demand 
growth in Asia, requiring Europe to absorb 
the excess supply. But beyond 2020, 
northwest Europe will need to compete 
in the global market to secure LNG 
imports – and at a time of when the 
flexibility of Russian gas imports will be 
limited. 
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in 2019 – what’s to come?

 ➤ China oil demand forecast for 
2019

Mariner East 2 pipeline is now 
moving product

Energy Transfer LP has announced that 
effective 29 December 2018, its Mariner 
East 2 natural gas liquids (NGLs) pipeline is 
in service, available for both interstate and 
intrastate service. 

The 350 mile NGL pipeline transports 
domestically produced ethane, propane 
and butane east from processing plants in 
Ohio across West Virginia and 
Pennsylvania to Energy Transfer’s Marcus 
Hook Industrial Complex in Delaware 
County, PA, where the NGLs are stored for 
distribution to local, domestic and 
waterborne markets.

Mariner East 2 is part of Energy 
Transfer’s Mariner East system of pipelines 
designed to provide much-needed NGL 
takeaway capacity for the Marcellus and 
Utica Shale production areas in Eastern 
Ohio, West Virginia and Western 
Pennsylvania. The Mariner East 2X pipeline, 
which parallels Mariner East 2, is expected 
to be in service in late 2019. The Mariner 
East system will provide both operational 
flexibility and enhanced security of NGL 
supply from producing areas to key markets 
in the region and beyond. 

Port of Corpus Christi to double 
crude oil exports in 2019

Three new pipelines coming online in the 
second half of 2019 will deliver an onslaught 
of crude to the port of Corpus Christi, Texas 
(USA). According to ESAI Energy’s recent 
North America Watch, local refinery 
demand for light sweet crude will remain 
unchanged, so these new flows will double 
the surplus crude available for export.

In the report, ESAI Energy forecasts 
crude oil production in the Permian Basin to 
accelerate after long-awaited pipeline 
takeaway capacity is added late next year. 
With most of the new pipelines delivering 
crude oil to Corpus Christi, terminals at the 
port are also expanding their loading 
capabilities to get ready for this flood of 
crude oil. The port has already reported 
record tonnage in 2018, with crude oil 
exports averaging close to 400 000 bpd in 
2018. Over the second half of 2019, ESAI 
Energy projects an additional 400 000 bpd 
will be available at Corpus Christi terminals 
to export.

“The timing of port expansions will be 
critical as pipeline flows begin”, notes 
Elisabeth Murphy, analyst at ESAI Energy. 
“Bottlenecks and congestion have so far 
eluded Corpus Christi but could easily build 
up with this much crude arriving at the 
docks.” 

US heavy oil imports double since 
2012

In 2018, the US imported more oil from 
Canada than all the OPEC countries 
combined – and four-fifths of those imports 
were heavy oil.

Imports of Canadian heavy crude are an 
increasingly important source of supply to 
the US, the world’s largest refining market 
for such crudes, according to a new report 
by IHS Markit. 

US imports of Canadian heavy crudes 
will approach 2.8 million bpd in 2018 – more 
than double what they were in 2012 – and 
could exceed 3 million bpd in 2020. 

Though Canadian oil supply growth faces 
challenges from transportation constraints, 
most of the of supply expected from Canada 
will come from projects already in operation 
or in motion. Rail capacity is also expected to 
continue to build over the coming year, IHS 
Markit reports. 
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Contract News
Petrofac secures contract 
with Trans Adriatic Pipeline

Petrofac’s Engineering & Production 
Services (EPS) East division has 
secured an operations and 
maintenance support services 
contract with Trans Adriatic Pipeline 
(TAP) AG. The 13 month contract is in 
support of the development and 
operation of the TAP natural gas 
pipeline, which will bring Caspian 
natural gas to Europe.

The scope of services includes 
provision of specialist personnel to 
support the project with operations 
and maintenance, technical services, 
environmental and safety 
requirements, along with transition 
plans through to operations.

Mani Rajapathy, Managing Director, 
EPS - Eastern Hemisphere, said: “We 
look forward to working with the TAP 
team as this important project 
progresses through construction and 
towards operational readiness. 

UTEC awarded multi-vessel survey work offshore India

UTEC, a global surveying company in subsea services group Acteon, has been awarded a 
subcontract by McDermott International for a series of survey work scopes offshore 
eastern India. UTEC will provide surface and subsea positioning services during the 
installation of subsea flowlines, pipeline end manifolds and terminations, jumpers, risers 
and umbilicals that form part of the development of a field in water depths to 2100 m.

The work was due to commence offshore in December 2018 and will see UTEC’s 
equipment and personnel operating initially on three vessels: the McDermott 
operated DLV 2000 pipelay vessel, a third-party light construction vessel and a third-
party dive support vessel.

Simon Hird, UTEC Business Unit Director, Asia Pacific, commented, “UTEC has a 
global master services agreement that sees us providing survey support on a range of 
McDermott owned and operated vessels. This continuity of involvement in 
McDermott projects has enabled UTEC to truly align its services with McDermott’s 
corporate and project objectives, which positions us well to extend our services to 
cover any third-party vessels that are brought in to a project.”

UTEC has provided survey support services on a range of Asia Pacific projects over 
the past five years, including INPEX’s Ichthys and Woodside GWF-2 projects in 
Australia, Oil and Natural Gas Corporation Ltd’s Vashishta project in India, pipelaying 
for Brunei Shell Petroleum in Brunei and the Siakap and Kikeh projects in Malaysia.

The project management team will be based in Singapore, supported by project 
personnel from UTEC’s office in Perth, Australia. Project support is also being provided 
by McDermott’s office in Kuala Lumpur and additional logistical co-ordination during 
offshore operations will come from Kakinada, India. 

UK contract for Subsea 7

Subsea 7 has announced the award of 
a sizeable contract by Shell for the 
Shearwater Fulmar Gas Line (FGL) 
Re-Plumb Project, located 
approximately 140 miles east of 
Aberdeen.

The engineering, procurement, 
construction and installation (EPCI) 
project workscope incorporates a 
37 km 24 in. export line, a 14 in. rigid 
riser, control jumper, subsea structures 
and associated subsea tie-ins. Project 
management, engineering and 
procurement work has already 
commenced in Aberdeen, with 
support from Subsea 7’s office in 
Glasgow. Offshore activities are 
scheduled for 2019.

Jonathan Tame, Vice President UK 
& Canada, said: “For many years 
Subsea 7 has been chosen by Shell to 
provide engineering and project 
execution expertise in the North Sea. 
This latest award further demonstrates 
our ability to design the right 
engineering solutions that ensures a 
safe, effective and cost-efficient 
project delivery.” 

API awards bolt fatigue testing contract to DNV GL

The American Petroleum Institute has awarded a contract to DNV GL, the technical 
advisor to the oil and gas industry, for the full-scale S-N fatigue testing of large 
diameter bolts. The objective of the programme is to improve fatigue assessments of 
critical bolted connections, particularly in subsea applications, by generating new test 
data.

This testing will take place within DNV GL’s global laboratory network involving its 
sites in Columbus, Ohio (USA) and Norway, which provide extensive corrosion 
expertise and the ability to test up to capacities of 7500 kN. These laboratories have 
key subject matter experts in the areas of fatigue of subsea equipment, bolting 
connections, cathodic protection and instrumented tests.

The programme will be performed in a strictly controlled environment. The tests 
will be highly instrumented to record the number of cycles, stresses, strains, current, 
pH and oxygen level. The testing is scheduled to be completed by late 2019.

The new test data will be shared on DNV GL’s digital platform Veracity throughout 
the programme. Veracity provides a secure platform for sharing not only key findings 
and test images, but all logging data with the API project team so they can monitor 
tests and carry out independent analyses.

“The safety of our operations is priority number one in our industry. Our 
standards, technical and certification programmes are part of the many ways we help 
industry and companies achieve quality management and safety goals. Through 
research and testing such as the work that DNV GL will complete, we contribute to a 
culture of safety, innovation and continuous improvement in the natural gas and oil 
industry,” said Debra Phillips, Vice President of API Global Industry Services.

Frank Ketelaars, Regional Manager Americas, DNV GL - Oil & Gas, stated “It is 
encouraging to see API taking a leading role in enhancing industry safety. The type of 
fasteners tested are used in critical subsea applications and are often exposed to 
fatigue loads combined with high pressures and temperatures. Enhanced knowledge of 
fatigue performance will enable cost-effective designs ensuring safe operations of this 
critical equipment.” 





Nord Stream 2: 

Jens Mueller, Nord Stream 2 AG, Switzerland, outlines the 
pipeline project’s progress, covering all aspects from the 
complex logistics to the adaptable construction solutions.

getting ready 
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Last year (2018) was an important year for the European 
energy industry. Confirmation of the imminent closure of 
its largest gas field – Groningen in the Netherlands – was 
the latest development to confront the industry with the 

prospect of an overall 50% decline in domestic gas production 
in 20 years, while demand is expected to remain stable. In 2018, 
existing suppliers like Russia and Norway made best use of 
existing gas infrastructure – for example, with Gazprom sending 
increased amounts via Ukraine, Belarus and Nord Stream – and 
Europe continued to develop plans for new pipelines, LNG 
terminals and interconnectors so as to be best prepared for the 
future supply/demand challenges. 

In this context, Nord Stream 2 will clearly be a major part of 
the solution. Despite political headwinds, 2018 saw solid progress 
in Europe’s largest energy infrastructure project. Nord Stream 2 
is on track to give European buyers direct access from 2020 to 
the world’s largest gas reserves in Russia, by the shortest route. 
The new pipeline will help satisfy Europe’s growing gas import 
demand as its own production declines.

The project – with a construction budget of approximately 
€8 billion financed by Gazprom, Wintershall, Uniper, Engie, 
OMV and Shell – is at an advanced stage: the main construction 
and supply contracts are in place with commitments for over 
€6 billion, and construction of the modern high-pressure offshore 
gas pipeline system through the Baltic Sea is well underway. As 
with Nord Stream (1), with which it shares many engineering 
solutions, gas will enter the Nord Stream 2 pipeline at up to 
220 bar, so that the gas will flow all 1230 km through the Baltic 
Sea without the need for any interim compressor stations – 
reducing both fuel costs and CO2

 emissions.
The starting point of Nord Stream 2’s twin pipelines is located 

in Narva Bay in the Kingisepp district of Russia’s Leningrad region, 
where they connect to the Russian gas network. Gas will be 
fed into the pipeline from the Slavyanskaya compressor station, 
operated by Gazprom.

Compliant
The pipeline route passes through the waters of Russia, Finland, 
Sweden, Denmark and Germany, and permits to construct and 

operate the pipeline system were required from the competent 
authorities in all five countries. In 2018, permits were received 
from four of the five countries – Denmark is still undecided – 
confirming that the detailed plans comply with all applicable 
national and EU laws and international conventions, as well as 
setting conditions and timing for implementation.

The Swiss-based project developer Nord Stream 2 AG 
has carried out numerous consultations throughout the Baltic 
Sea region, conducted extensive surveys and made sure that 
every aspect of the project plan meets all applicable laws and 
regulations. Moreover, as the marine environment of other 
countries around the Baltic Sea could also be affected, the 
international consultations regarding the project under the UN’s 
Espoo convention also included Poland, Lithuania, Latvia and 
Estonia.

Pipelaying underway
Seabed preparation – including munitions clearance, rock 
placement and crossings – has been carried out where necessary, 
and pipelaying started in the Gulf of Finland in late summer, 
followed by Germany and Sweden. 

Crossing installations were needed where the pipeline route 
intersects with telecommunications and power cables, or other 
pipelines. Cables have been protected by concrete mattresses. 
Rock placement at precise locations will ensure that pipeline 
integrity is maintained for its 50 year design life – for example, 
rock berms have been created to support the pipeline where 
the seabed is uneven. The project company has contracted 
five pipelaying vessels to lay pipe in different sections of the 
1230 km route: Allseas’ Solitaire, Pioneering Spirit and Audacia, 
Saipem’s Castoro Dieci/C10 and MRTS’ Fortuna. By the end 
of 2018, Solitaire, Audacia, Pioneering Spirit and C10 had laid 
over 420 km of the pipelines, and in mid December the world’s 
largest pipelay vessel Pioneering Spirit started to lay pipe in the 
Gulf of Finland.

The twin pipelines are not being laid sequentially. 
Construction methods, vessel fleet and the complex schedules 
for different sections of the route are adapted for environmental 
factors, such as the locations and breeding seasons of marine 

The pipeline can be seen from above as it is 

lowered from pipelay vessel Audacia's stinger and 

installed on the Baltic seafloor in German waters.
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mammals, fish and birds. There is no pipelay during the period 
when the sea is iced over. Also, dynamically positioned pipelay 
vessels are used to mitigate impacts on the environment and 
marine traffic, especially in the Gulf of Finland.

Complexity
The size and complexity of the project is not always appreciated: 
670 companies from 25 countries are working on it; the 200 000 

large-diameter 12 m long steel pipes have all been made; and 
more than three-quarters of the pipes have already been 
concrete-weight-coated to increase their weight to 24 t. 

The pipes have all been stored in the project’s four logistics 
hubs around the Baltic Sea – Kotka and Hanko (Finland), 
Karlshamn (Sweden) and Mukran (Germany). From these hubs 
they are shipped out to the pipelaying vessels on a just-in-time 
basis, to enable them to weld the pipes together and lower the 
pipeline onto the seabed at an average rate of 3 km/d along the 
precisely agreed route.

Russian and German landfalls
Different solutions have been chosen for the two landfalls: 
microtunnels have been used in Germany and an innovative open-
cut method with trenchboxes in Russia. 

In Lubmin (Germany), two 700 m microtunnels make the 
transition from the onshore to the underwater construction 
section. The tunnels, which were built in 2Q18, start in front of 
the pig receiving station and pass under the infrastructure to 
the north (railway track, road and supply lines) as well as coastal 
foreshore. The work to build the offshore trenches for both 
pipelines started in mid May 2018. In total, a 30 km trench for 
each pipeline, as well as two parallel 20 km trenches, were made 
in German coastal waters.

In Lubmin, the Nord Stream 2 system will be connected with 
Gascade’s neighbouring natural gas receiving facility, and thus with 
the European pipeline network. The 6 ha. Nord Stream 2 site will 
contain all the necessary control and regulation equipment for 
the safe operation of the twin pipelines.

In the summer of 2018, both pipelines were drawn in via the 
tunnels to the pig receiving station in Lubmin. 

After the pipe was laid in the trenches, the trenches were 
refilled and the top layer restored with the material previously 
removed. This accelerates regeneration and ensures that the 
intervention remains local and limited in time, with the lowest 
impact possible.

At the Narva Bay site of the Russian landfall the innovative 
open-cut/trenchbox method was developed for the onshore 
section. It relies on trenchboxes to maintain vertical trench walls, 
thus reducing the construction corridor and related impacts by 
some 50%. It also reduces by approximately 70% the amount of 
material excavated when compared with using a conventional 
unsupported trench. No heavy equipment such as pipelayers 
is used for pipeline installation. Pipeline installation will be 
undertaken by pulling two strings for 3.7 km from the pipelay 
vessel and temporary welding station through a flooded trench, 
thus preserving local hydrology.

On completion of construction, the entire area will be 
reinstated. A 30 m wide corridor above the pipeline will be 
maintained free of trees and naturally vegetated – as required by 
Russian safety standards that forbid planting trees over or near 
high pressure pipelines. Vegetation will be allowed to return to 
this area naturally.

Work is also well advanced on the pig trap areas at both 
landfalls, where massive top-entry ball valves will separate the 
offshore pipeline from the pig trap areas, so that gas flow can 
be rapidly interrupted for scheduled maintenance, emergency 
shutdown or to protect from overpressure. The 28 large 

Figure 1. The Nord Stream and Nord Stream 2 pipelines follow 
a broadly similar route through the Baltic Sea but are spaced 
far enough apart to ensure the safety of the two systems.

Figure 2. Pipelay vessel Solitaire started laying the Nord 
Stream 2 pipeline in the Gulf of Finland in September 2018.

Figure 3. Pipes being welded together on board the Solitaire. 
Each weld is thoroughly tested before the pipeline is lowered 
down on to the seabed in a continuous string along the agreed 
route through the Baltic Sea.

14  World Pipelines  /  JANUARY 2019





(48 in. and 38 in.) and mid-size (28 in.) ball valves are being 
installed at each end of the twin pipelines, starting with the 
German landfall. The valves have been designed and made for 
Nord Stream 2 and transported from Italy. Each weighs up to 112 t.

Surveys
A solid foundation for the project plans was provided 
by extensive survey operations: 41 specialist vessels from 
contractors in eight countries were deployed in 2017 and 2018. 
The data that they have gathered provided critical information 
for engineering, route optimisation, environmental impact 
assessments (EIA) and permitting; environmental management 
and monitoring; financing and insurance; quality control; and 
eventually operations. 

Subsea surveying is an area in which equipment and survey 
vessels have developed and modernised in recent years. There 
have been considerable advances in technology – and this has 
enabled the project’s survey partners to provide very high-
resolution, high-quality data. For example, bottom sediments 
could be examined up to 40 m below the seabed. All in all, 
more than 100 terabytes of data have been collected for the 
project.

Approximately 55 000 km of the seabed has been surveyed, 
2300 samples collected to confirm the geology of the seabed, 
and a total of approximately 650 000 hours were worked to 
find the best route for the twin pipelines. Moreover, during the 
construction phase, survey vessels deploy equipment to monitor 
that the pipeline is laid along the precise agreed route.

By the end of the project, Nord Stream 2 will have spent 
approximately €110 million on survey works alone.

Leading suppliers
At each phase of the project Nord Stream 2 has been working 
with some of the world’s leading suppliers and has been 
applying rigorous environmental, health, safety and social 
standards. All works are carried out in compliance with national 
permit conditions and monitored for potential impacts on the 
environment and marine life.

The project company is working with competent authorities 
and offshore industry specialists to ensure that the pipeline 
is constructed and operated to state-of-the-art standards 
for technology, compliance, labour, and health, safety and 
environment (HSE). 

Furthermore, independent certification body DNV GL has 
been contracted to oversee Nord Stream 2’s commitments to 
the highest standards for safety and sustainability by both the 
company and its suppliers.

Competitive
In recent years, the EU’s internal market for gas has become 
more integrated and competitive, thanks to investment in 
interconnectors, market regulations, new pipelines and LNG 
terminals and – in 2018 – significant competition policy 
commitments. Once gas enters this market it can now flow 
freely to where it is needed and at a price set by the market, thus 
increasing competition between suppliers and routes to market. 

The six energy companies that are financing the project 
emphasise its strategic commercial value and expect the state-
of-the-art Nord Stream 2 pipeline to be well-placed to compete 
with other pipelines and LNG for decades to come, to supply the 
EU’s internal gas market efficiently, safely and reliably. 
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A 
golden 
age for 

gas
A discussion by Kaare Helle and Bent Erik Bakken, 
DNV GL, Norway, into the potential impact on the 
pipeline sector of the future changes to the world’s 

energy needs. 

The world will need less energy after 2035, but it will still require a 
significant amount of oil and gas mid-century, according to DNV GL’s 2018 
Energy Transition Outlook. Innovation Manager Kaare Helle and Senior 
Principal Scientist Bent Erik Bakken (who co-directs the Energy Transition 

programme in DNV GL), expressed their opinion on the potential impact on the 
pipeline sector.

What are the key findings from the 2018 Energy Transition 
Outlook and what impact will this have on the global pipeline 
sector up to 2050?
Kaare: Over the next two decades, DNV GL foresees significant growth in global 
energy demand, but due to a surge in electrification, plus slowing population and 
economic growth, this will decline. However, oil and gas will still account for a 
significant 40% of world energy demand mid-century. The global requirement for 
oil will peak in the mid 2020s, while the need for natural gas – the least carbon-
intensive of the fossil fuels – will continue to the mid 2030s, overtaking oil to 
become the world’s largest source of energy (Figure 1).
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Bent Erik: Though regional growth will be strong in North 
America and lead to increased need for pipelines there, our 
analysis predicts global oil production will fall, reducing the 
necessity for major oil pipelines in many places. We forecast 
a strong growth for gas as it will account for a quarter of the 
world’s energy supply by 2050. The scale will vary however, 
depending on region. Overall, there will be increased activity 
and diversification expected in the gas pipeline market to 
transport not just natural gas, but zero carbon, alternative 
gases – such as hydrogen.

What efforts/activities do you believe are 
already underway to see the sector through 
the energy transition?
Kaare: In the coming decades, the global pipeline 
sector will need significant levels of investment and 
activity to support the shift from an oil-led to a gas-led 
energy mix and, ultimately, to safeguard the supply of 
affordable energy. This means a technology shift and need 
for preparedness. While the industry has fairly simple 
techniques or technologies, manufacturing and engineering 
companies, etc. should be prepared for increased demand 
for their services. As leaner and cleaner oil and gas 
production techniques emerge over the coming decades, 
the industry will have to adapt to the unfolding energy 
landscape.
Bent Erik: The main change for the pipeline sector will 
come from the doubling of LNG transport and further 
distribution of the ensuing natural gas, driven by a five-
fold increase in China’s regasification capacity over the 

next 20 years (Figure 2). The conversion and delivery of 
alternative gases will be a major driver in Europe in the 
same period. Here and elsewhere, we will see a drive to 
utilise the existing gas grids to support a more low carbon 
future. For example, energy companies must be prepared 
for increased hydrogen use.

The Outlook describes varying regional 
scenarios. Does this mean a shift in the 
hierarchy of countries producing oil and gas?
Kaare: In the coming decade we see that conventional 
gas production will stay flat, whereas unconventional gas 
production will grow. This growth is predominantly in 
North America. We expect a larger volume of oil being 
transported to local storage facilities by pipeline. However, 
with shale production expected to ramp up, there could be 
a conundrum of using trucks as opposed to pipelines. The 
dilemma being that these shale fields have short lifespans. It 
is not like in the North Sea where the platform is there for 
decades.
Bent Erik: Driven by the increased role of shale and ensuing 
declining asset life times, we forecast the rate at which 
new capacity is added will increase to nearly 50% from 
approximately 220 billion m3/y in 2017 to 320 billion m3/y in 
2032. Developments in North East Eurasia, including Russia, 
and in the Middle East and North Africa will account for 
most of this surge, but only the Middle East and North Africa 
will increase or largely sustain the rate at which it adds 
capacity over our entire forecasting cycle to 2050. Notably 
in China, we expect gas demand to accelerate, which will 

mean a reliance on Russian and LNG 
imports as the gas distribution network 
in China expands.

With gas demand set to 
increase until the mid 2030s, 
it seems inevitable that there 
will be additional costs for 
replacement, refurbishment 
and perhaps repurposing of 
older pipeline systems. How 
do you see this developing and 
what impact is composite pipe 
material making?
Bent Erik: We need to make use of the 
existing infrastructure that is already 
there. In Europe and North America 
in particular, we have ageing pipeline 
systems, some are 30 - 40 years old, 
but that doesn’t mean they need 
to be changed – lifetime extension 
activities are prolonging their design 
lives. While our Outlook does not 
predict pipeline costs or investments, 
the Energy Industries Council recently 
predicted that cumulative investment 
in new pipelines and additional LNG 
liquefaction and regasification terminals 

Figure 1. World primary energy supply by source.

Figure 2. Natural gas imports by region.
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will reach US$1.7 trillion by the end of 2026 to meet 
additional gas demand.
Kaare: New materials and composites will largely be used 
in the low pressure section of the pipeline system – for 
distribution. So more and more of the gas that goes from 
the street into your house is being replaced by non-
metallic pipe material. Various pilot projects with different 
operators have been initiated in the past few years to 
use thermocomposite pipe (TCP) in offshore oil and gas 
projects to cut cost and increase efficiency. DNV GL 
recently launched a new standard that allows operators 
to choose TCP instead of steel or traditional flexibles, 
enabling substantial cost reductions throughout the project 
lifecycle.

What role do you see digitalisation playing 
in the energy transition and what efforts are 
already underway in the pipeline sector?
Kaare: Digitalisation and data-smart technologies are vital 
to contain costs, improve safety and reduce downtime. It 
will also facilitate more sophisticated network models and 
help us utilise our ageing assets going forward. To maximise 
these opportunities, the oil and gas industry needs to step 
up efforts to become faster, leaner and cleaner. Greater use 
of more enhanced, digitally-enabled technologies will also 
be needed to optimise production from smaller reservoirs. 
This will enable quicker and more agile exploration and 
production.
Bent Erik: Gas transmission system operators are already 
incorporating advances in composite materials, artificial 
intelligence, robotics, augmented reality and the Industrial 
Internet of Things into systems and processes. This will 
assist them to maintain, repair and operate networks safely 
and cost-efficiently, and provide customers, regulators 
and partners with tailored analyses of large volumes of 
operating data. Data will also facilitate smarter pipeline 
integrity management based on predictive analytics. 
Robots, autonomous aerial vehicles and satellite imaging 
will increasingly be used to monitor and maintain the 
infrastructure.

The Outlook sees a shift from conventional 
natural gas to new gases such as hydrogen 
and biogas at local distribution level. 
DNV GL is already involved in a number of 
projects. How quickly can this shift become 
a reality and how far can it go to address 
decarbonisation targets?
Bent Erik: Global warming will likely reach 2.6˚C above pre-
industrial levels in 2050, according to our research. This is well 
above the 2˚C target set out by the COP 21 Paris Agreement 
on climate change. While burning natural gas emits about half 
the carbon of an equivalent amount of oil or coal, combusting 
hydrogen gas emits none at point of use. As an energy carrier, 
hydrogen has been on the table for at least two decades and 
is coming back into fashion again. Rather than focus on a 
particular gas, it is more important to investigate where we 
can decarbonise the gas grid or the gas facility.
Kaare: Though hydrogen can be traded and transported 
easily, and its large-scale production could catalyse a wide 
range of new economic opportunities and support faster, 
greater spread of hydrogen fuel-cell vehicles, it doesn’t come 
without some technical challenges. It is still a very immature 
industry but efforts to investigate its use are gathering pace. 
For example, DNV GL is involved in Northern Gas Network’s 
H21 project to demonstrate that a city’s natural gas supply 
can be safely decarbonised using 100% hydrogen.

In summary, what could the next three 
decades actually mean for the pipeline sector 
and what are the take-away issues that 
decision makers should seriously consider?
Kaare: The findings in the Outlook are essentially good 
news for the pipeline industry. Over the next decades 
DNV GL forecasts continued growth for the gas sector. 
While the oil sector has a limited time till peak demand is 
reached, new resources may be increasingly developed from 
a greater number of smaller, more technically-challenging 
reservoirs. These are more economically viable for emerging, 
smaller operators looking to develop fields close to existing 
infrastructure.
Bent Erik: Our Outlook affirms that the switch in demand 
from oil to gas has already begun and I believe the industry is 
well prepared for such growth. New pipelines, including cross-
border and national transmission systems, LNG export and 
receiving terminals, LNG bunkering and LNG carriers of varying 
scale, will all be required as the industry connects new sources 
of supply with changing demand centres. Decarbonisation, 
digitalisation and the now ingrained need for cost-efficiency, 
will help reshape the pipeline sector of the future.

The Energy Transition report
The company’s suite of 2018 Energy Transition Outlook 
reports can assist strategy and policy makers to maximise 
opportunities and minimise risks as the world energy system 
evolves. The main Outlook report covers the transition of 
the entire energy mix to 2050. It is accompanied by three 
supplements forecasting implications for the oil and gas, 
power supply, and maritime industries. 

Figure 3. Kaare Helle in discussion with some of the DNV GL 
Oil and Gas pipelines team.
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What's in store 
for EU gas?

Michael Kruse (Germany) and Annette Berkhahn (Sweden), 
Arthur D. Little, consider how the EU Gas Directive 

amendment will likely affect relations with third countries.

The proposed amendment to the EU Gas Directive aims 
to extend EU internal gas market legislation to import 
pipelines from third countries. This would mean imposing 
third-party access, ownership unbundling, transparency 

and EU-regulated tariffs on infrastructure outside the boundaries of 
the internal EU market, for example, due to entering the EU from 
international waters.

As a consequence, a number of intergovernmental agreements 
(IGAs) will have to be newly negotiated or renegotiated with third 
country governments. There is some concern among affected 
member states that the need for new or renegotiated IGAs, 
because of the amendment, could shift powers of negotiation from 
them to the European Commission. It is not clear which conditions 
will apply to existing or new pipelines. Many factors indicate that 
the aim of this proposed regulatory change has the Nord Stream 2 
project as its main target, rather than other existing or new import 
pipelines.

However, new or renegotiated IGAs are not without risk. Third 
country governments may not be comfortable having EU regulation 
extended to their doorsteps, and make counter demands. Various 
geopolitical factors may have changed since the pipelines 
began operations, and this may influence negotiations. Many 
of the affected pipeline projects were planned, negotiated and 
constructed under very different political circumstances. Opening 
up for new negotiations in today’s environment risks creating new 

uncertainties, which may carry unforeseen, possibly negative, 
consequences.

Intergovernmental agreements related to 
pipeline projects
An international pipeline project typically requires a set of 
agreements to be in place before financing can be arranged. These 
must be concluded between the participating nation states and/
or the commercial entities concerned. They tend to be tailor-
made depending on circumstances and requirements, in terms of 
both structure (interlinkage and dependency) and content (terms 
and conditions applied). Nonetheless, they address similar sets of 
issues that must be dealt with one way or another. Pipeline model 
agreements for international cross-border pipelines (IGAs and host 
government agreements) have been developed in recent years. 

Such contracts form an additional layer of arrangements which 
are commercially dependent on the international agreements 
in place. In some cases, the stakeholders take on more than one 
role. However, the principles, issues dealt with, and required terms 
and conditions apply universally. Since these agreements are 
interlinked and build upon each other, it is difficult to change one 
of them without affecting the entire structure. Thus, the proposed 
amendment of the Gas Directive could have consequences not 
only for IGAs between buyer and supplier countries, but also for 
other stakeholders and related agreements.
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Case studies of affected pipelines

Transmed
Transmed was the first subsea pipeline to be built across the 
Mediterranean. It had been in discussion since the 1960s, but the 
technology to build it could not be developed until the late 1970s/
early 1980s. State-owned Italian gas buyer ENI was responsible for 
pushing the project to fruition, assuming responsibility for both 
technology development and financing.

The project was not helped by the strained relationship 
between transit country Tunisia and supplier Algeria. It is notable 
that because of this, there is no tripartite agreement between the 
three parties involved – ENI negotiated separate host government 
agreements with Tunisia and Algeria.

Early on, Tunisia tried to use its strategic geographic position to 
obtain a much higher transit fee (12%) than was offered. Eventually, 
after Algerian Sonatrach and ENI began planning for an LNG 
contract instead, Tunisia accepted 5.625% of transited volumes, 
payable in cash or in kind. The gas passes ownership to an ENI 
subsidiary at the Algerian/Tunisian border to minimise direct 
interrelations between Algeria and Tunisia.

Later, the project suffered delays from changes in regime and 
export policy in Algeria. The new regime wanted to shift the pricing 
basis from the agreed underlying alternative fuel prices in the 
consumer market to crude oil parity – to benefit from the soaring 
oil prices at the time. It held ENI and its idle pipeline to ransom. A 
deal was eventually made by ministers from both countries (at a 
much higher price than agreed initially), allowing the pipeline to be 
completed and deliveries to begin.

Maghreb-Europe Gazoduc (MEG)
Pipelines from Algeria to Spain and on to France had been in 
discussion since the early 1960s, with two options – one to pass 
through Morocco, crossing the Straits of Gibraltar (now MEG), and 
the other to go from the port of Beni Saf to Almeria on the Spanish 
coast (now Medgaz). In both cases, but especially with Medgaz, 
which crosses deep water, technology was a major obstacle for 
a long time. In the case of MEG, however, there were further 
complications in the form of political tension between Algeria 
and Morocco. This is partly due to border conflicts between the 
two countries, but most of all the unstable situation in the former 
Spanish colony of Western Sahara, where Morocco made claim 
to two-thirds of the territory, while Algeria backed the Polisario 
(SADR) guerrilla’s fight for independence. 

A ceasefire between the warring factions was negotiated in 
1991, but to this day, the conflict remains unresolved. It was not 
until the mid 1990s that Spain, with the help of the EU, was able 
to push through an agreement between Algerian gas supplier 
Sonatrach and Morocco, on the back of a rapidly growing Spanish 
gas market. The agreement involved a pipeline across the Gibraltar 
Straits to Spain, and onwards to Portugal. The Maghreb-Europe 
pipeline was put into operation in 1996.

The relationship between Algeria and Morocco remains 
uneasy. Algeria continues to back the Polisario separatists in the 
Western Sahara. Morocco, so far dependent on hydrocarbon 
imports for its energy supplies, is seeking to diversify away from 
Algerian gas. Recent reports suggest that Algeria is worried 
that Morocco might not renew the Maghreb-Europe pipeline 

agreement that covers the stretch of the pipeline crossing 
Moroccan territory. 

Medgaz
Medgaz connects Algerian onshore gas fields directly with the 
Spanish gas grid at Almeria, and has a capacity of 8 billion m3/y. 
It came onstream in 2011, and was built in response to European 
security-of-supply concerns. There have been no reports of 
difficulties prior to or at construction, as only two countries were 
involved. Algeria’s views are unknown.

Greenstream
Greenstream connects Libyan gas fields with Gela, Sicily. It was 
inaugurated in 2004 and has a capacity of 11 billion m3/y. It has 
suffered from occasional shutdowns due to the political and social 
turmoil in Libya. Whether negotiations for a new IGA following 
the potential passing of the amendment of the Gas Directive will 
be straightforward or not is difficult to foresee. However, it seems 
highly unlikely, with Libya politically unstable and Italy’s government 
too fresh to be entirely predictable.

Nord Stream
The Nord Stream pipeline began operations in 2011/12 and has a 
capacity of 55 billion m3/y. Its construction was favoured by the EU 
and given Project of Common Interest status at the time, in light of 
growing European gas demand. It was preceded by contracts with 
all nations around the Baltic Sea and beyond, whose permissions 
for construction in international waters were required. No IGA was 
signed for Nord Stream, with contractual relations limited to the 
commercial entities involved. Prior to construction, considerable 
debate and protests concerning both environment and security 
issues occurred. But after operations started, this debate subsided.

It is conceivable that, following potential adoption of the 
amendment, IGA negotiations for derogation will be required. 
However, this will depend on the exact formulation of the new 
directive and how far it extends along the pipeline, and of course, 
whether derogation is granted upfront for existing assets.

TAP/TANAP
The Trans Adriatic pipeline (TAP) connects with the Trans Anatolian 
pipeline (TANAP) at the Greek-Turkish border. It is particularly 
complex in the context of the proposed Gas Directive amendment, 
since it crosses many nations in and out of the EU (passing through 
Albania, a third transit country) and has a subsea section across the 
Adriatic Sea. Gas will be supplied from the Caspian region, not from 
Turkey, which is also a transit country. The TAP/TANAP project is 
far advanced and will be put into operation in 2020, with an initial 
capacity of 10 billion m3/y. It has already received an exemption 
from EU regulations. The question is whether that exemption will 
still apply after the amendment comes into force.

Nord Stream 2
Nord Stream 2 is a new pipeline system following a similar route 
to that of the first Nord Stream project, aiming to add capacity 
of a further 55 billion m3/y. The pipeline is planned to commence 
operations in late 2019. Much debate has surrounded the planning 
phase, but four of the five country approvals (Russia, Finland, 
Sweden and Germany) required under existing legislation are now 
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in place. Danish permits remain to be approved. The controversy 
has mainly been around the question of whether the pipeline 
would make Europe more dependent on Russia as a gas supplier. 
In the authors’ view, even with the pipeline in place, it is still up to 
European buyers whether they buy Russian gas supplies or not. 

The European Commission is seeking legal means to prevent 
or at least influence the construction of Nord Stream 2, and 
the proposed Gas Directive amendment is its latest attempt. It 
is not yet clear whether Nord Stream 2 would be able to seek 
derogation (as an existing pipeline) or exemption (as a new, yet-
to-be-completed pipeline). This is because the formulation of 
the new directive is not finalised, and it is conceivable that Nord 
Stream 2 will already have been largely or entirely constructed, 
or even taken into operation, by the time the amendment comes 
into force.

EastMed
The EastMed project is a proposed pipeline that would bring gas 
from fields offshore of Cyprus and Israel to Greece, and onwards 
to southern Italy and Bulgaria. Cyprus discovered an offshore gas 
field called Aphrodite some years ago, containing between 100 and 
170 billion m3/y of gas. It is currently under development.

Israel also has significant gas reserves in the area, some of which 
could be exported to Europe; a decision is expected in 2019. Israel 
is playing a vital role in the project, providing most of the required 
transport volumes for the pipeline from its Leviathan field in the 
Levantine basin. The plan is to build a pipeline to Italy via Crete and 

the Greek mainland, linking the discoveries directly to the European 
gas market. It would bring diversification and offer the option of 
developing southern European gas.

Because it directly links an EU-internal offshore field with 
the downstream market, while at the same time connecting to 
an external (non-EU) supply source (in Israel), the Gas Directive 
amendment creates problems for the project. Is it to be 
considered an offshore pipeline from the EU-internal Aphrodite 
field, like the ones linking Norwegian, Danish and British offshore 
reserves to the mainland? Such pipelines enjoy special status 
under the Gas Directive. Or is it an import pipeline from a third 
country supplier (Israel)? This uncertainty creates problems for 
investors, as the economic conditions of the project become less 
predictable.

Conclusion
As this article has presented, the adoption of the proposed 
amendment and its consequences for relations and negotiations 
with third countries has complications, and the effects are difficult 
to foresee. The EU will be increasingly dependent on imported gas 
supplies. A halt to such supplies could have severe consequences. It 
seems unwise to unnecessarily open up negotiations for which the 
outcome is far from certain. The risk to new potential infrastructure 
investments that could bring diversification to Southern and 
Eastern Europe is worrying. It would be prudent not to adopt the 
amendment until the potential implications are understood in 
more detail. 



PLUG 
THE 
GAP

PLUG 
THE 
GAP

Buddy Powers, Clock Spring Company, 
Inc., USA, provides an overview of a 
simplified solution to address active 
leaks and restore pipeline integrity.

Hydrocarbon emissions and spills are dangerous to the 
environment and costly to the bottom line. Stakeholders 
in the oil and gas industry are aware that mismanaging 
emissions and unplanned discharges can have negative 

consequences, and that finding a better way to identify and control 
leaks has the potential to significantly reduce the environmental 
impact of operations and improve profitability.

Responsible companies rank environmental stewardship among 
their corporate values and are constantly looking for ways to 
reduce the impact of operations on the natural world. 

Managing releases of emissions
A lot of work has gone into addressing gas emissions, and 
research has led to improvements in technologies such as carbon 
sequestration to reduce the amount of carbon dioxide in the 
atmosphere. The focus on minimising CO

2
 discharge has moved 

the needle in the US, positioning the country in first place globally 
in terms of emission reductions. In 2017, the US reduced CO

2

emissions by a volume of more than 40 t.
The scope of emissions reduction has expanded to address 

other gases such as methane – which is more than 80 times 
more potent than CO

2
 in terms of its impact on the environment. 

Studies have been carried out to quantify methane emissions to 
better understand the effect on the environment and to find more 
effective ways of containing the gas. There is particular interest in 
the oil and gas industry, which is the biggest emitter of methane in 
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the US. According to statistics published by the US Environmental 
Protection Agency, more than 30% of methane pollution is 
generated by natural gas and petroleum systems.  

Fugitive emissions, however, are just one part of the picture. 
Spills and discharges are another, and more effort needs to be 
invested in managing them. 

One of the most frequent causes of unplanned discharge is 
line damage. Rapid containment is critical, but most of the tools 
for halting leaks are only partially effective. Devices for arresting 
leaks have been around for some time, but as needs evolve, 
traditional methods sometimes cannot meet new performance 
expectations. They can stop the unwanted flow of escaped 
effluent, but they are not designed for long-term efficacy. A fair 
number of these solutions are bulky bolt-on products that require 
a lot of time to put in place, and the way they are installed 
introduces risk.

If the industry is going to be responsible about stopping leaks 
and restoring line integrity, other tools need to be considered, 
and that means looking at the problem from a different 
perspective.

Sometimes, the best solution is not a complicated new 
technology, but rather the intelligent and creative application of 
proven methods combined with specialised materials that can 
deliver long-lasting and dependable performance.

A recently introduced system for containing pipeline leaks is 
a prime example. It offers a straightforward way to arrest leaks in 
pipelines, and it is effective not only for hydrocarbons but for a 
broad range of industrial chemicals.

Stopping leaks fast
The Clock Spring Leak Stopper is designed for quick and safe 
temporary leak containment. It has a simple and effective design 
that includes a plug to cover the hole in the pipeline and an 
optimised strap that allows for efficient and secure plug placement, 
using teeth that are part of the band. 

The process requires a trained installer using a gauged 
clamping device to tension the specialised band securely over 
the leak. The installer fits the band loosely onto the pipe with 
the Leak Stopper parallel to the pipe and just enough slack to 
allow easy movement so it can be moved into place to plug the 
leak. When the centre of the stopper sphere is on the centre 
of the leak, the installer applies pressure. Being mindful of the 
pinch points along the edges of the stopper, the installer uses 
the ratchet to tighten the band, resetting the metal bracket onto 
the teeth and closing the ratchet until no more pressure can be 
applied – and the leak has stopped. To tidy up the work, the back 
of the tool is used to trim the excess slack from the band and 
provide a smooth profile across the pipe.

The result is a reliable and durable temporary repair that can be 
installed in seconds. Using the low-profile buckles makes executing 
repairs less cumbersome and time consuming than alternative 
methods and produces a finished profile that is only 1 in. (25.4 mm) 
thick. This means that once the system is installed and the leak 
is stopped, the restored area can be covered with an engineered 
composite to prolong the life of the piping system using a proven 
technology. 

Being able to perform small repairs delivers savings on multiple 
levels – technicians can prepare the pipe closer to the defect than 
more cumbersome repair methods allow, using less material and 
achieving a faster repair that reduces open ditch time, along with 
associated safety risks.

This system is ideal for onshore oil and gas pipelines, refineries 
and petrochemical plants, and municipal water and gas distribution 
lines. It fits pipes of practically any diameter and it is fast and easy Figure 3. A repair in the field awaits a composite overlay. 

Figure 1. A completed Leak Stopper installation has a low 
profile that allows it to be overwrapped with a composite for a 
long-lasting repair.

Figure 2. Countries with the largest reductions and increases 
in carbon dioxide emissions. 
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to install. Moreover, because this leak containment system is not 
complicated to use, it can be installed by onsite crews with minimal 
training.

The components needed for the repair are provided in an 
installation kit that can be kept on hand for easy access. The kit 
includes everything required to stop the leak as well as guidelines 
and materials for installing a composite overwrap to extend the life 
of the repair.

Testing and validation
Before introducing this system for oil and gas operations, it was 
important to test it in a range of scenarios.

Engineers developed a testing programme to establish a proof 
of concept for sealing active leaks at or around 200 psi (13.8 bar). 
The initial tests evaluated a nylon strap compressing a urethane 
stopper, using a ratchet device to secure the stopper to the pipe. 
Two stopper prototypes were tested.

A nitrogen tank supplied pressure to a water storage tank, from 
which pressurised water was sent to the test pipe. Technicians 
attempted to arrest leaks on a 4 in. (101.6 mm) pipe with a 0.25 in. 
(6.35 mm) diameter hole and a 6 in. (152.4 mm) pipe with a 0.44 in. 
(11.2 mm) hole. Once in place, the stopper was ratcheted until the 
leak was sealed or until no more force could be applied using 
the mechanical ratchet. The initial test pressure started at 100 psi 
(6.89 bar) and was increased gradually in subsequent tests to 200 psi 
(13.8 bar). When the leaks were sealed, the stopper configuration 
was pressure tested to failure.

Because the objective was to deliver a permanent solution, the 
next step in the testing programme was to overwrap the stopper 
with different composite materials. After sealing two 7/16 in. 
(11.1 mm) diameter holes on a 6 in. (152.4 mm) pipe under 100 psi 
(6.89 bar), the test team installed four layers of fibreglass/epoxy 
over one stopper and four layers of carbon/epoxy over the other, 
following standard installation procedures.

When the composites were fully cured, the overwrapped 
stopper configurations were pressure tested to determine their 
strength. Both functioned to well beyond the 100 psi (6.89 bar) 
requirement. The fibreglass/epoxy was effective to 250 psi (17.2 bar). 
The carbon/epoxy composite was effective to 487 psi (33.57 bar).

These results indicate that when the stopper is overwrapped, 
composite materials can effectively increase the pressure rating of 
the Leak Stopper assembly.

Additional testing validated the stopper’s chemical 
compatibility with 50 common process materials, including 
gasoline, glycol ether, kerosene, naphtha, toluene, phenol 
and carbon disulfide. The stopper was rated for emergency 
containment for some chemicals and for permanent containment 
for others.

Performance in the field
In addition to performing successfully under testing in controlled 
conditions, the Leak Stopper has been used effectively in the field.

In one case, a facility owner had identified a leak in a 14 in. 
(355.6 mm) flare line operating at 80˚F (27˚C) under 24 psi (1.7 bar) 
and wanted to contain it as soon as possible. Onsite technicians 
installed a Leak Stopper to stop the leak. With the leak sealed 
and the pipe functioning properly, installers applied a fibreglass/
urethane engineered composite solution to the repaired line to 
extend the life of the repair. The stopper functioned as well in 
the field as it did under testing, restoring the line to safety and 
providing a permanent seal.

Changing expectations
Maintaining safety in oil and gas operations is a priority, but even 
when every precaution is taken, incidents are unavoidable. Having 
the right tools within reach can be the critical difference between a 
minor incident and a major catastrophe.

It is hard to predict when a leak will happen, but it is easy 
to predict the consequences – emergency shutdowns, lost 
production, and potential damage to people and the environment. 
The faster a leak is addressed, the fewer the repercussions. 

Owners that are willing to look beyond traditional products 
and consider new solutions that have been tested and verified for 
performance will have more tools in their tool kits to ensure safe 
and sustainable operations. 

Figure 4. 2015 US methane emissions by source.

Benefits of this solution
 ) Appropriate for all industries.

 ) Not diameter specific – the band can be used for 
various pipe diameters.

 ) Rapid repair process terminates environmental 
exposure within seconds.

 ) Teeth designed into the tightening band improve 
strength, safety and repair speed.

 ) Low-profile repair simplifies installation and 
application of composite overwrap. 

 ) Third-party verification of materials performance 
in aged samples.

 )  Certified SGS tensile strength. 
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The mission to The mission to 
reduce emissionsreduce emissions

Bart Wauterickx, The Sniffers, 

Belgium, outlines the techniques 

available to reduce emissions from 

compressor and valve stations on 

pipeline networks.

Methane transport through pipelines is a major 
tactic in current energy supply. With gas as the 
transition energy source towards a fossil fuel free 
environment, gas demand is expected to grow. 

Since the transport of energy or mega joules, in the form of 
methane through underground pipelines, is 10 - 20× more 
economic than the transport of the same energy through an 
electricity network, underground pipelines will be important 
for a foreseeable time. 

Figure 1. LDAR measurements with FID VOC measurement device.
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In an environment of sustainable development, asset 
owners are confronted with challenging objectives to reduce 
methane emission to the atmosphere. During the COP 21 Paris 
climate conference in 2016, the impact of methane having 
a GWP 23× higher than CO

2
 has been made very clear. The 

industry is requested to do more to reduce emissions and 
actively contribute to a more sustainable future for our planet. 

This article describes the best available techniques to reduce 
fugitive emissions from compressor, measurement or valve 
stations that are built along a pipeline network.

Headquartered in Belgium, The Sniffers was founded in 
1991. The company has its core business in oil and gas plants 
and in the chemical and petrochemical industry. Customers 
go to The Sniffers to measure emissions released into the 
atmosphere, to detect and quantify energy leaks, and to 
help them maintain the integrity of pipeline networks. The 
Sniffers’ advice helps clients to reduce emissions, save energy, 
and prolong the lifetime of their assets. The company offers 
a set of innovative services that apply to transportation, 
production, monitoring and maintenance – LDAR, optical 
gas imaging, high flow sampling, ultrasonic, drone OGI and 
satellite information. The Sniffers relies on its vast knowledge 
of country legislations, the stability of a certified/accredited 
programme, proprietary software and long-term relationships 
with global customers.

A compressor, measurement or valve station for an 
underground pipeline network is confronted with canalised 
emissions (e.g. compressor seal leaks to a vent) and fugitive 
emissions. Canalised emissions are monitored with the 
appropriate flow metering; fugitive emissions are not always 

known and not always managed. Measuring methods 
like bagging or high flow sampling are very accurate 
but also time consuming and costly. A good balance 
between accuracy and cost has been reached over 
the years and delivered an adequate working practice 
with LDAR, based on EPA Method 21 Determination 
of Volatile Organic Compound Leaks and EPA 453 
Protocol for Equipment Leak Emission Estimates. 

A PID/FID measuring device is used to measure 
all concentrations of gas around every individual 
potential leaking source. The device is calibrated 
3× a day and is set with the correct response factor 
relative to 100% methane. 

Leaking sources are categorised in: 

 ) Lower than 9 ppm.

 ) Leaks between 9 - 1000 ppm (1000 ppm defined as 
the repair threshold).1 

 ) Leaks between 1000 - 100 000 ppm.

 ) Leaks above 100 000 ppm. 

 ) N/A sources: not accessible sources that cannot 
be reached without removing isolation, or icing or 
outside reach.

These ppm values are converted into kg/y based 
on the correlation calculation principles as described 
in the EPA guidelines.

A less accurate measuring practice is the use 
of an infrared optical gas camera. This IR camera 
can visualise leaking gases from equipment; it 
cannot, however, quantify the leak. A correlation 
methodology called ‘leak/no leak’ has been 
developed to provide an estimate of the mass leaks. 

Figure 2. VOC screening with optical gas imaging camera.

Figure 3. Leak rate percentage for 23 gas compressor stations.

Figure 4. Total emissions in kg/y for 23 gas compressor stations.
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Although the screening with an IR camera (also called SMART 
LDAR) is faster, the detection level is much higher compared 
to PID/FID detection. The quality of the IR screening is also 
very sensitive to the weather conditions and experience 
of the operator. The probability of finding all leaks above 
100 000 ppm is high and the chances for missing leaking 
sources above 5000 ppm is also high. 

A benchmark study has been executed for gas compressor 
stations involving 23 plants from Europe, South America 
and Asia. These plants were having potential leaking sources 
varying from 3500 - 50 000 in number. 

Using the PID/FID measuring techniques or the optical 
gas camera, every potential source was surveyed, resulting 
in an average of 2.0% detected initially leaking sources (as 
shown in Figure 3), however with a variety ranging from 
0.1 - 10.0% leaking sources. After a first repair attempt, the 
percent of leaking sources dropped to 1.65% with a range 
from 0.1 - 7.8%. This first repair attempt is, in most cases, a 
tightening effort. 

Replacing gaskets and seals or executing a revision of a 
component, or even installing upgraded equipment, is mostly 
postponed to the next shutdown. In several countries, 

the legislation requires the plant to undertake a repair 
attempt within several weeks after detection of the leak. It 
is this mandatory repair activity that helps to reduce these 
emissions.

Based on the correlation calculation protocols as 
described at EPA – the identified leaks and the default zeros 
– mass leak can be derived for the total plant as shown in 
Figure 4. Expressed in kg/y, the initial emission of gas to the 
atmosphere per gas compressor station was 118 000 kg/y 
(range 17 000 - 590 000 kg/y). After the first repair effort, the 
average drops to 80 000 kg/y, or a reduction of 32%, with one 
maintenance intervention. 

Figure 5 provides the mass leak per source. On average, an 
individual source in one of the 23 gas compressor stations is 
emitting 8.2 kg/y, calculated over the total of present sources 
(range 1.23 - 37.0 kg/y). A repair exercise based on tightening 
reduces the average emission per source to 5.5 kg/y (range 
0.01 - 31.0 kg/y). 

If a leak is detected, one can expect an emission of 
828 kg/y (range 89 - 8500 kg/y).

The Sniffers’ proprietary business application called 
SFEMP – Sniffers Fugitive Emission Management Program – 

enables customised enquiries in this emission 
data. An analysis on source type level indicates 
that most leaks are identified with connections 
and flanges, but most emissions in kg/y are 
present with dynamic seals such as compressor 
seals and stem valves. Benchmarking these results 
between peers reveals practices that drive better 
results than others.

A recent publication by Carbon Limits 
from Norway analysed the effectiveness of 
repair activities for the gas industry in Europe.2 
Depending on the source type, in only 50% (range 
45 - 70%) of the maintenance activities, the repair 
was effective in reducing the emission by more 
than 90%. In 30% of the cases (range 20 - 50%) the 
emission reduction was partially effective with 
only a 50% emission reduction realised. This result 
reflects the immediate effect without analysing 
the effect of the repair after several months or 
years. 

The low immediate effectivity of repair 
attempts, mainly through tightening, invites plant 
engineers to reflect on its current practices. Why 
does a source leak? 

 ) Can the technical specifications of the seals or 
gaskets improve?

 ) Are the assembly instructions still valid?

 ) Is the component supplier knowledgeable and 
ambitious enough?

 ) Can the design of the installation simplify?

 ) Is it possible to avoid connections?

 ) Are there negative environmental influencing 
factors like vibrations that can be reduced?

Figure 5. Average emission per source in kg/y for 23 gas compressor 
stations.

Figure 6. CO
2
 equivalent emitted by 23 gas compressor stations (in tpy).
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The benchmarking data between different players in the 
same business segment reveal the better practices. What you 
measure improves. By understanding how each site performs 
amongst their peers, real opportunities for improvement are 
revealed. Learning from each other and from the best available 
techniques drives any improvement plan. By intelligently using 
emission data and turning it into knowledge, the gas industry 
can position itself at a sustainable level for all stakeholders.

Not only the exploration of gas offshore and onshore, or 
only the gas processing plants, but also the transportation 
and distribution of gas can contribute to lower emissions to 
the atmosphere. In The Sniffers’ study of 23 gas compressor 
stations, an average of 828 t of CO

2
 equivalent was released 

every year. A quality LDAR programme with a local engaged 
maintenance team can reduce more than 70% of the initial 
emissions, in three or four years. Key success factors in this 
endeavour are:

 ) A detailed and updated inventory of all potential 
leak sources – this allows efficient organisation of 
measurement campaigns, source traceability and accurate 
emission calculation. 

 ) Credible and reliable measurements: as costs are driven 
by the maintenance activities, clients like to have access 
to accurate and trustworthy data, which helps when 
prioritising maintenance work and business decisions. 
An ISO 17025 laboratory accredited measuring company 
provides that comfort.

 ) Just tightening is perhaps a short-term solution, but not 
the only activity to make a difference; proper LDAR 
software such as SFEMP enables the customised inquiry of 
detailed information, including historical reflections and 
source type information.

 ) Introduce the best available techniques (BATs) as a 
result of a benchmarking comparison to realise step 
improvements.

 ) A complete alignment between environmental and 
maintenance objectives at the plant is essential. Reaching 
lower emissions to the atmosphere is a common goal of 
both departments. Top management has to be outspoken 
of the ambition of the company to introduce sustainable 
solutions and make the world greener.

The Sniffers has more than 25 years of global experience 
in leak detection and emission reduction through 
LDAR programmes. Time and again these source-based 
measurements have proven to be the most effective method 
for emission monitoring and reduction. By providing clear and 
actionable data, The Sniffers enables pipeline asset owners to 
reach emission reduction targets and maintain process safety 
at the same time. 

References and notes
1. Some legislations define a variety of repair definition concentrations depending 

on the source type.
2. Carbon Limits AS, ‘Statistical Analysis of Leak Detection and Repair Programs in 

Europe’. 30/11/2017. 
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The scent 
of safety
The scent 
of safety

Alastair McGuire, Core Canine Concepts, UK, provides an overview of current leak 
detection systems and how canine detection could complement these techniques.

According to the Global Leak Detection for Oil and 
Gas Market Research Report 2018, the leak detection 
market is forecast to grow exponentially.1 This forecast 
is also not limited to just the oil and gas sector but 

other substances transported by pipeline systems, e.g. water, 
aviation fuel, chemicals, sewage, agriculture, coal and ore slurry. 
All of which have a need for prompt, efficient and cost-effective 
solutions to leak detection. In this expanding market the use of 
leak detection dogs will become increasingly important as they 
remedy some of the main limitations of the current systems.

The recent March 2018 CONCAWE report contains 
submitted data from various companies on leak detection 
over the last 45 years.2 The report showed that 489 spills have 
been caused by factors other than product theft. From this 489 
spills, 344 have occurred through a result of either intentional 
damage or product theft. In the last 5 years, however, the rate of 
product loss due to theft has increased considerably. 

The increase in recent years of pipeline leaks and illegal 
hot tapping have resulted in human fatalities, environmental 

impacts, financial loss of product and property damage. 
Leaks in pipeline systems can result in loss of corporate 
reputation and also may in some cases lead to prosecution 
under environmental legislation. Leak detection methods have 
greatly improved over the years in order to meet the increasing 
demands of pipeline operators, but they are still flawed and/
or inconsistent in areas such as cost efficiency, small rupture 
detection, sensitivity, detection rates and precision on leak 
location. Operators rely on internal and external leak detection 
systems for continuous leak monitoring, but these systems only 
detect a small number of actual leaks and often have limits on 
the loss of product that needs to occur before a leak can be 
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identified – and only a limited number of pipelines have a leak 
detection system.

Vandalisation of pipelines
Illegal hot tapping and bunkering are the acts of stealing oil and 
gas by hacking into pipelines and syphoning off the product, 
and are the most common methods of oil and gas theft. 
The thieves have also been honing their skills and are now 
understanding current automated monitoring capabilities and 
adapting their techniques. New thinking is now needed to stay 
ahead of the curve to combat this issue.

In Nigeria, for example, this form of theft is quickly 
becoming a major problem. The Nigerian economy is highly 
dependent on oil and gas revenue, with crude oil being the 
mainstay – the Niger Delta region holds 95% of Nigerian oil 
reserves. A recent report showed that these oil reserves account 
for over 90% of the Niger Delta export and foreign exchange 
earnings, with the total Nigerian revenue being over 70% of this.3

The socio-economic impacts of the vandalisation of 
pipelines include environmental degradation, loss of economic 
activities for local communities, and loss of revenue to 
the government resulting in the reduction of funding for 
development initiatives. In the area of the Niger Delta, theft 
has grown to such a degree that Nigeria is at present losing 
over 800 000 bpd of crude oil. This is reflected in Nigeria’s 
oil production decline from 2.2 million bbls to 1.4 million bbls 
between 2016 - 2017.

Oil spillage causes environmental impact through 
destruction of farms and lands and therefore directly reducing 
the area of arable land. There may be pollution of water courses 
affecting marine, aquatic life and water sources for livestock, as 
well as the pollution of flora and fauna. 

Pipeline safety requirements
In many countries there have been regulatory requirements for 
companies to observe. These requirements are put in to place 
to create a safe pipeline distribution network for various gases 
and fluids. In order to adhere to these regulations, pipeline 
operators must have comprehensive strategies to manage 
pipeline integrity and safety. However, some countries do 
not have such stringent statutory requirements and on older 

pipelines the detection systems that are in place, if any, are 
usually extremely inadequate. Some pipelines, if not correctly 
maintained and installed, may be subject to corrosion risk and 
failure may occur – especially on older standard wall pipeline 
systems with a wall thickness of less than 5 mm. No matter 
how well network operators manage their pipelines, natural 
forces or external intervention outside of the operators’ 
control (illegal hot tapping) adds another dimension to the leak 
prevention requirements. Regardless of the reasons for the loss 
of transported product, the resulting needs are still the same – 
namely fast, reliable and precise leak detection.

Current leak detection systems 
A leak becomes detectable when the volumetric leak rate 
exceeds the sum of uncertainties in flow measurements and line 
fill. All pipeline flow measurements will have uncertainties due 
to measurement equipment tolerances, variables and customer 
demand variations. The efficiency of a leak detection system 
will depend on the location of sensors, accuracy of sensors 
and size of the leak. Systems will detect leaks of 0.1 - 1% of 
flow within approximately 2 - 15 min. with a precision accuracy 
anything up to ± 300 m.4 This equates to roughly 1000 bbls of 
oil on a 100 000 bpd pipeline.

There is also much speculation and debate surrounding 
current leak detection methods, especially those operated from 
control rooms. These control rooms use the installed systems 
to alert the operator when a leak occurs. These systems are 
grouped into external and internal, which have key capabilities 
and limitations, and then into sub-groups which again have key 
capabilities and limitations.

Within the internal group there is pressure/flow monitoring, 
volume balancing, real-time transient model (RTTM) and 
statistical analysis. The range of key capabilities and limitations 
of these being:

Capabilities
 ) Relatively inexpensive.

 ) Relatively easy to implement.

 ) Some systems are relatively sensitive and accurate.

Limitations
 ) False alarms common.

 ) Not effective on small leaks.

 ) Leak location accuracy is poor.

 ) Requires accurate, well-maintained 
sensors.

Externally based systems use local and 
dedicated sensors. These systems can be very 
complex and costly to implement. Due to the 
limitations identified previously, such systems 
are usually limited to small, specific, high-risk 
areas such as above ground pump stations, 
refineries, storage locations, etc. Figure 1. The dogs using their natural tracking skills to source the target odour.
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Within the external group there are acoustic sensors, 
infrared, vapour sensing tubes and flame ionisation meters. The 
range of key capabilities and limitations of these being:

Capabilities
 ) Fast and precise detection in small, specific areas. 

 ) Ease of use.

 ) Ability to detect both gases and liquids.

 ) Can be static, hand held or mounted on vehicles.

 ) Well established and well understood systems. 

Limitations
 ) Needs line of sight.

 ) Not effective in windy conditions. 

 ) Not effective on small leaks.

 ) Not effective in low pressure systems.

 ) False alarms common.

 ) Difficult to retrofit.

 ) Expensive, limited lifespan and/or high maintenance.

On piggable pipelines, intelligent pigs can identify illegal 
hot tap locations and also areas on a pipeline where there 
are either external or internal metal loss features and where 
failure of a pipeline may occur at some stage in the future. 
Intelligent pigging operations are labour intensive and may 
require a number of different pig runs, e.g. gauging, cleaning and 
caliper pig runs. The nature of the product being transported, 
whether there are permanent pig traps or not, and whether 
there is a requirement for specific flow regimes to enable 
a pig run to proceed, all affect the overall cost. The cost of 
intelligent pig operations can be £10 000 - £50 000/mile. 
They will be conducted at intervals generally once every 
5 - 15 years, dependent upon the assessed risk to a pipeline 
system. Intelligent pig runs will not be replaced by canine 
inspections as there are statutory requirements to conduct 
them and they provide accurate quantitative data on the 
condition of a pipeline. However, canine investigation controls 
could supplement existing investigations and would only cost 
somewhere in the region of £500/mile, depending on location.

It has been found that that a total of 29% of leaks 
detected in onshore European liquid pipelines were by 
either external or internal automated monitoring systems.4 
In comparison to this, 49% of leaks detected in the same 
table were by either third party passers-by/general public 
or during a right-of-way survey conducted by the pipeline 
operator. These figures could support a case for utilising 
canine detection teams to not only undertake routine pipeline 
leak inspections but also incorporate the ROW survey into 
their roles and responsibilities. These routine surveys could be 
not only a visual presence and deterrent to would-be illegal 
hot tappers, but any illegal hot taps which could otherwise 

have been in place and undetected for some time would be 
uncovered.

Canine capabilities 
For centuries dogs have lived and had working purpose side 
by side with humans. They and us humans have utilised their 
natural traits to not only aid us but also enjoy working alongside 
us in the tasks asked of them.

However, it is over the last 50 years that one’s 
understanding of animal behaviour and operant conditioning 
has increased. This has enabled humans to identify an 
increasing number of necessary and ingenious roles in which 
humans and dogs can perform together, thus allowing our 
working relationship to flourish. Fast forward to today and 
passionate people within the canine world are still driving 
new avenues for detection dogs to not only enhance current 
procedures and methods but also to create new concepts. 
These new concepts – from illegal trade including ivory, 
tobacco and drugs to the medical field such as detection 
of trace byproducts released by cancerous cells and post 
traumatic stress disorder (PTSD) alert dogs – reinforce the 
truly remarkable adaptability, reliability and versatility of the 
canine olfactory (scent receptors) system.

It is widely acknowledged that dogs have a fantastic sense 
of smell, but do people really know just how remarkable their 
sense is, how it functions and how it can be applied in the 
commercial arena? The breed of dog will slightly affect the 
olfactory sensitivity but not much. The approximate receptor 
count for detection dogs will be 200 - 220 million, as compared 
to humans who have approximately 5 million. But it is not 
just how many receptors dogs have that affects their ability 
to detect smells – which is the remarkable story here – it 
is the way they function and how the brain processes the 
information. A dog uses its nose like humans use their taste 
buds, allowing the dog to differentiate and isolate individual 
scents within a matrix of scents. An example being the old 
Hollywood myth that drug traffickers would hide drugs in 
coffee grounds to fool the detection dogs. A dog would search 
the container and be able to separate the scent of the target 
odour, i.e. the drugs, from all the accompanying smells of the 
coffee grounds, any packaging, the container material, etc. 
The detection concentration which is just as extraordinary is 
generally regarded to be in the parts per billion, and some tests 
have been reported to show parts per trillion. To top these 
facts off, the part of a dogs brain that processes the information 
is 40 times greater and faster than humans. The dogs’ nasal 
capability is nothing short of astounding. Once these attributes 
are coupled with the variety of breeds specifically selected 
for their love of hunting for scents you have a package that is 
environmentally friendly, efficient, reliable, sensitive, accurate, 
portable, quickly deployable, cost-effective and (with skilled 
experts) easily maintained.

Canine leak detection roles
Leak detection dogs offer great advantages and capabilities 
to pipeline operators and, as mentioned before, passionate, 
dedicated and highly skilled subject matter experts within the 
canine world are hoping to open eyes to these advantages. 
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It is not about replacing existing methods but enhancing the 
abilities of operators to manage their systems, so the matrix 
of systems used complement and overlap each other. This will 
provide a greater efficiency to the operator’s leak detection 
strategy.

Key roles
 ) Pinpointing hydrotest pressure failure locations on newly 

constructed pipelines.

 ) Inspection of rights-of-way with known and/or high risk of 
illegal tapping.

 ) Inspection of areas that have been surveyed and deemed to 
have a high corrosion risk.

 ) Pinpointing and/or confirming a leak source when a leak 
alarm has been triggered.

 ) Carrying out over the line inspection of non-piggable 
pipelines or identification of leaking nitrogen/air filled 
sleeve locations.

 ) Inspection in areas where the pipeline cathodic protection 
levels are known to be poor or non-existent.

The rising threat of illegal hot tapping is high on the list 
of key future roles for canine detection. To further support 
this role in the interest of pipeline operators, it is proposed to 
co-ordinate drone capabilities to conduct aerial assessments of 
the area as canine patrols progress along a pipeline. Combining 
all the factors of the ROW inspection, canine leak/illegal tap 
detection and the aerial drone assessments into one detection 
programme is a positive step towards combatting the growing 
problem of pipeline leak detection or illegal hot tapping 
operations.

Canine detection integrating into current systems to provide 
the detection and pinpointing of leaks that fall outside the 
parameters of the installed systems – and therefore covering 
flaws in the detection tactics – is a benefit to network 
operators.

Factors affecting the detection process
The Penspen report also showed that the detection dogs had 
at least an 86% positive leak location rate.4 It is considered that 
this rate would increase as the dogs’ experience grows and they 
mature into their roles. Couple this with the pinpoint accuracy 
of the dogs’ indication and the report data shows a convincing 
argument for the use of detection dogs.

Factors that could possibly affect this figure and the 
overall detection process would be: ground and environmental 
conditions; depth of the pipeline; pipeline pressure; product; 
and the individual dog. Some dogs even of the same breed have 
slightly different detection abilities.

Due to the fact that vapours/product scent of a pipeline 
substance have to travel to the surface in order for the canine 
team to be successful in detection, ground conditions have a 
significant impact on factors affecting the detection process. 
The type and density of the ground will determine the 
resistance the vapour/product scent will face on its journey 

to the surface. The scent will find the path of least resistance, 
which could be a few meters from the actual site of the 
leak location. This is why a canine team will need to cover 
approximately 5 m either side of the pipeline route in order to 
negate this, as well as other factors such as wind, that could 
lead to missing a scent source.

Conclusions
The perfect leak detection system simply does not exist. 
Although there are many different technologies currently in the 
market that have made improvements, none of them tick all the 
boxes to be considered the ideal leak detection system.

The increase in illegal tapping on pipelines and the 
subsequent product theft, environmental impact and danger 
to human life, can be combatted with leak detection dogs as 
they provide an adaptable, deployable and effective solution 
to this increasing problem. Canine leak detection companies 
could also reduce the time and money of costly excavations 
trying to accurately pinpoint the leak location after a leak 
monitoring system has been triggered. The benefits of canine 
leak detection (in relation to illegal tapping programmes) 
which run alongside and complement existing techniques, are 
considerable. They may run as a stand-alone operation in areas 
where current detection methods are extremely difficult or 
not possible. Canine leak detection surveys can be used to 
supplement or even replace pipeline route surveys. 

The facts are that leak detection dogs are a simple, 
reliable and cost-effective solution for all pipeline operators’ 
integrity breaches, especially small leaks or taps which 
current technology cannot cope with and therefore could go 
undetected for an unacceptable amount of time. Also, the skills 
needed are easily transferrable to pipelines carrying different 
substances (e.g. water, aviation fuel, chemicals), therefore all 
pipeline operators can benefit from the talents of our four 
legged friends. 
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Figure 2. Training the dogs to cover either side of the pipeline.
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Time to 
dust 

off the 
debris

Jan van der Graaf, ROSEN Group, 
Switzerland, outlines the use of cleaning pigs 

to remove black dust and debris from gas 
transportation pipelines. 

A 204 km, 16 in. gas transportation pipeline suffered from a black dust 
problem ever since its commissioning in 2005. Although the system 
had undergone a regular cleaning and maintenance programme 
starting in 2014, in 2017 it was time for a reliable metal loss inline 

inspection (ILI) – and an additional cleaning campaign was needed to ensure 
its success. Of course, it had to be ascertained that the inspection data would 
meet the required quality standard, but just as important was that the MFL 
tool would pass the pipeline unhindered and without affecting operations.

Lead up to pre-inspection cleaning
Right from the start of operations in 2005, this particular pipeline system 
suffered continued arrival of dust at delivery to the power station and 
industrial consumers. In the following years, filter systems were upgraded to 
protect the users and the power station turbines.
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In 2007, a pigging study on removing the black powder was 
performed by expert consultants. The objective of the study was 
to provide advice to the pipeline operator on the best option 
for pipeline cleaning methods. The report concluded that a 
progressive mechanical cleaning campaign using various types of 
pigs was the preferred option. Although both gel cleaning and 
chemical cleaning could have been an option to achieve similar 
goals, the high logistical effort, cost and inevitable interruption of 
the gas supply disqualified these as valid solutions.

In correlation with the extensive study, the dust was qualified 
as ‘black dust’ with a high magnetite content, likely resulting from 
the mill scale present at the pipe wall of the internally uncoated 
pipeline. At the time, the expert engineers speculated the 
quantity of dust to be removed could be between tens of tons to 
hundreds of tons.

However, not only was the shear amount of debris a concern 
to pigging experts, the known wear on cleaning tools in black 
dust pipelines also raised concerns about the associated risk 
of pigs becoming lodged in the pipeline – possibly affecting 
uninterrupted delivery. Seven years later, a regular pigging 
campaign for the removal of dust and regular maintenance finally 
commenced in 2014.

Over a three year period, up to autumn 2017, the operator 
performed 88 pig runs. 16 pig runs were performed in a three 
week period in an attempt to prepare the pipeline for the 
upcoming scheduled ILI programme. Throughout the campaign, 

the cleaning runs continued to bring 40 - 80 kg of sludgy dust 
into the receiver trap, which was not acceptable criteria for a 
successful ILI run. A high degree of pipeline cleanliness is an 
essential pre-condition for successful ILI runs. It is not just about 
the inspection tools passing the pipeline reliably, without risk of 
damage, loss of seal or even blockage; presence of debris would 
also compromise the quality of the data collected by the tool 
sensors and, ultimately, compromise the complete and accurate 
inspection report data that are an essential input to any integrity 
management system.

Need for efficiency
It was clear: the operator needed a more effective route. This 
meant going back to the basics. What exactly was the goal, and 
what were the parameters? 

First, the objective of the campaign had to be clearly 
defined. Meeting the criteria for a successful ILI survey was a 
necessity. In addition, the minimum bore of the pipeline needed 
to be confirmed, which could easily be solved by installing an 
aluminium gauge plate on the tool.

Second, the geometrical parameters of the pipeline were 
reviewed. With minor wall thickness variations along the pipeline 
route, full-bore valves installed and the absence of tight bends, 
there was only one elementary feature to be considered: the 
length of 204 km. Given the presence of abrasive black dust, the 
pipeline diameter and the absence of internal coating, this was 
very long. 

Third, operating conditions were essential for planning 
a cleaning campaign. Operating conditions are decisive to 
determining the configuration of pigs used to tackle any job. At 
approximately 70 bar operating pressure and an average velocity 
of 3 m/s, the conditions were favourable. The run times of each 
tool would be approximately 20 hrs. Moreover, in the given 
conditions, pigs with a bypass could be used to increase the 
transportation effect on the dust by blowing gas and debris in 
front of the pigs without risk of stalling.

After understanding all the parameters, assessing the solutions 
available and reviewing the well-documented pigging records 
of the runs previously performed by the pipeline operator, an 
aggressive mechanical cleaning campaign was proposed, with an 
estimated number of 20 pig runs. 

Accordingly, ROSEN Ultimate Clean tools were prepared to 
run in the high wear conditions with two main configurations:

 ) Aggressive scrapers to loosen debris from the pipe wall. 

 ) Bulldozer tools to mobilise the loosened debris downstream 
to the receiver trap at the end of the pipeline. 

The key component of the aggressive scraper tools are 
the descaling cups. Descaling cups are equipped with tungsten 
carbide tips mounted on studs, which are then mechanically 
mounted on stiff cups. Originally developed for the removal of 
inorganic scale and hard wax deposits, descaling cups are used in 
highly abrasive pipelines as well, even on ILI tools, as they have 
proven to be practically immune to wear. The tool configuration 
takes into account that the descaling cups are in contact with the 
pipe wall only with their descaling stud tips and, as a result, do 
not provide a complete seal (Figure 1).

Figure 1. Sample configuration of an aggressive descaling tool.

Figure 2. Ready to go – the aggressive descaling and bulldozer 
tools prior to mobilisation.
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The bulldozer tools, in turn, feature a high seal along the pipe 
wall and are supported by high density pencil brushes that have 
also demonstrated high wear resistance, effective removal of dust, 
and support centralisation of cleaning tools to assist the function 
of guiding discs.

The two configurations are intended to be run alternatingly; 
in previous projects, this has demonstrated to make for a highly 
effective cleaning campaign. Common features of the tools are 
the application of the spider nose bypass, magnets for collecting 

magnetic dust, spring-loaded 
brushes with a near-constant 
pre-load and provision for 
installation of electromagnetic 
transmitters (ITX) for tracking 
and locating purposes. The 
tools have also been designed 
to accommodate installation 
of the ROSEN pipeline data 
logger (PDL) instrument.

The PDL instrument 
records pipeline and pig 
parameters during the run of 
a cleaning tool. Among the 
parameters recorded, the 

differential pressure (DP) represents the propulsion force acting 
on the pig itself. The force comprises both the actual friction 
of the seals on the pipe wall and the possible friction of debris 
being pushed by the cleaning tool. It is valuable to note that in 
waxy pipelines, the DP recorded does not necessarily include the 
friction of a plug of debris in front of the pig.

Finally, review of the operator’s procedures confirmed 
compliance with industry standards, regulatory requirements and 
compliance with on-site HSE requirements. Procedures for safe 
disposal of the expected, possibly pyrophoric, dust were in place.

Step-by-step debris removal
Initially, the results of the cleaning campaign started in December 
2017 were not encouraging. Similar quantities of sludge 
were recovered in each run as during the previous operator’s 
maintenance pigging. It was not until a month later, after ROSEN 
had performed 24 runs, that the nature of the deposits collected 
from the receiver trap started to change in appearance. For the 
first time, a small amount of dry pyrophoric dust was received 
with the cleaning tool. This gradual change in material, specifically 
the appearance of dry dust, showed the effectiveness of the 
cleaning process. 

Figure 4 shows how the quantity of debris recovered (during 
the 46 pig runs) developed. Additional runs with the operator’s 
maintenance pigs were performed in-between, when awaiting 
mobilisation of additional wear parts. In the following runs, large 
quantities of dust were recovered, with a maximum of 625 kg in 
a single run. Eight consecutive runs each recovered more than 
200 kg of debris.

The PDL data recorded at different stages of the cleaning 
project provide an insight into the process of cleaning. In the 
early stages of the project, during Run 8, a generally rough 
differential pressure profile was recorded. Many small DP peaks 
occurred in between the valve stations, which can be clearly 
identified for reference in the DP (and acceleration sensor) 
charts (Figure 5). The differential pressure driving the tool never 
exceeded 1 bar, outside of valve stations. 

A second instrumented cleaning run was performed in Run 27, 
which happened to be the first run where over 200 kg of dust 
was recovered. Whereas the small DP spikes disappeared in 
general, large DP values above 2 bar were recorded in the final 
25 km (an estimation based on duration and average velocity) of 
the pipeline. Just one week later, on Run 31, 1600 kg of dust was 

Figure 3. Visual change in debris between the compacted sludge from Run 7 (left) and the dry 
dust recovered from Run 26 (right).

Figure 4. Kilograms of dust recovered by each of the 46 runs – 
visible progress.

Figure 5. Observing the progress of the campaign through 
comparing differential pressure profiles collected by pipeline 
data loggers in Runs 8, 27 and 31.
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removed between pig runs; the high DP recordings were reduced 
to about 1 bar. The area affected then was only the last 6 km 
of the pipeline, again based on duration and average velocity 
(Figure 5).

The instrumented cleaning pig runs helped to understand 
the mechanisms of an extensive dust removal pigging 
programme. It was observed that the transportation of such high 
volumes of debris is not achieved in a single run. Through the 
comparison of multiple instrumented cleaning runs, the progress 
of the campaign could be observed, and accumulation of dust 
and its removal was established. The cleaning pigs sometimes 
override portions of the debris that are then collected by the 
next tool. This behaviour prevents critical accumulations of 
debris in front of the tools and limits the 
output into the receiver and filter systems 
for a single run. This way, the debris is 
loosened and transported bit by bit in a 
reliable and regular procedure.

Altogether, after a total of 46 cleaning 
runs performed by ROSEN in less than 
four months, the quantity of dust 
recovered was down to 14 kg, meeting 
ROSEN’s acceptance criteria for both the 
geometry and metal loss ILI to follow. In 
addition, during the cleaning campaign, 
gauge plate runs confirmed there were 
no restrictions in the pipeline that could 
present an obstruction for running the ILI 
tools.

Both the geometry inspection and the 
combined MFL and XYZ mapping tool run 
provided excellent data as a basis for a 
detailed correlated geometry, metal loss and 
pipeline location report. The result was a set 
of information providing essential input for 
the integrity management of the assets.

It is important to realise that 
the success of both ILI tool runs can 
be attributed to a dedicated tool 
configuration. Both geometry and MFL 
tools were configured with a pull unit and 
a trailing inspection module equipped 
with descaling cups for the specific task of 
avoiding wear in the still challenging 16 in., 
204 km long gas pipeline.

Conclusion
The cleaning of a gas pipeline and the 
removal of dust in preparation for a 
successful ILI campaign is a project in 
itself and should not be underestimated 
in scope and effort. A careful definition of 
the cleaning approach and commitment by 
both pipeline operator and service provider 
resulted in a successful cleaning campaign 
and ultimately high-quality inspection 
reports as input to the pipeline’s integrity 
management.

It is also very important to not only consider the cleaning 
tools themselves but also any additional technologies or 
instruments that could increase efficiency, which in this 
case included the regular application of instruments applied 
to cleaning tools during the process. The PDL data made it 
possible to detect that dust was accumulating near the end 
of the pipeline during the cleaning process and allowed for 
the removal of the accumulated dust prior to the start of the 
inspection pig runs.

The successful conclusion of the cleaning campaign enabled 
the collection of the required high quality of inspection data and 
reliable reporting as a basis for the integrity management of the 
pipeline. 

Heavy Duty Through-wall Reference Electrode 



Finding the Finding the 

right ILI methodright ILI method
Ron Maurier and 

Dan Revelle, 
Quest Integrity, USA, 

delve into the difficult 
task of determining 
the right inspection 

technology for 
unpiggable pipelines.

Modern inline inspection technology has been revolutionised in the past few 
decades, making the concept of ‘unpiggable’ pipelines a thing of the past. 
However, today’s inspection challenges are no less complicated and are 
often more arduous than ever. With the rise of technological innovations 

come new complexities in determining the appropriate tool for each unique pipeline 
inspection. Operators are now faced with numerous reliable inspection technologies, 
often choosing inspection methods based on budgetary restriction or a limited 
understanding of what damage might be present within their pipeline. 

The difficulty in determining an appropriate inspection technology is largely 
based on what an operator might not know about their pipeline. Factors including 
environmental constraints, pipeline product and pipeline configuration have a 
significant effect on the type of inspection technology that will appropriately detect 
damage to a line. The type of damage mechanisms seen within pipelines are also 
affected by these factors. Defects including specific types of corrosion, erosion and 
pitting can vary significantly based on the condition of the pipeline.
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Damage mechanisms that cause integrity 
concerns
In most cases, unpiggable pipelines share the same damage 
mechanisms as piggable pipelines. The complication for 
unpiggable lines is generally that the pipeline is much 
more difficult to inspect, making pipeline defects harder 
to detect. The damage mechanisms found in pipelines 
vary in severity, but can be consistently seen throughout 
unpiggable lines worldwide. A number of pipeline defects, 
listed below, can be fairly easily mitigated, but can be 
difficult to properly detect and measure.

 ) Wall thickness and metal loss changes.

 ) Changes in geometry.

 ) Corrosion.

 ) Corrosion under insulation (CUI).

 ) Erosion.

 ) Pitting. 

 ) Deformations including denting, gauging, ovality, bulging 
and swelling.

Difficult-to-detect defects in unpiggable 
pipelines
There are a number of circumstances for which a damage 
mechanism might be undetected or misread, depending on 
the tool methodology utilised during an inspection. Factors 
including pipeline configuration, product throughput 
and misinterpreted anomalies can have lasting effects on 
pipeline health, exposing operators to costly outages and 
potential safety risks. 

Unusual pipeline configurations (Figure 1) can limit the 
inspection capability of some tool technologies, making 
tool selection a critical first step during an inspection 
process. Pipeline segments that have not been designed or 
modified to support inline inspection (ILI) often contain 
pipe tees, back-to-back bends, or short radius turns that 
create navigational and data quality collection challenges 

for many ILI tools. It is vitally important that an inspection 
tool is capable of maneuvering these challenging sections 
of pipe. 

Maneuverability is not the only limiting factor 
to consider when inspecting lines with complicated 
navigational features. Data collection coverage at pipeline 
bends can also be a serious problem for specific tool 
form factors. Conventional inspection technologies are 
not always able to fully capture data at the tightest of 
pipeline bends, which can inevitably lead to undetected 
defects and potential failures in the pipeline. While some 
inspection providers are developing tools that are capable 
of navigating through these challenges, it is important 
to note that in order to facilitate navigation, sacrifices 
are sometimes made that can impact the data collection 
capabilities throughout the entire inspection. For example, 
the magnetisation section of a tool may be shortened so 
that 1.5D bends can be navigated. In order to verify tool 
capability in these complex configurations, it is critical 
to perform test runs that mirror any potential pipeline 
configuration, prior to inspection.

Unpiggable pipelines that might experience these issues 
require specialised detection capabilities. By understanding 
the configuration challenges for each individual pipeline 
prior to inspection, operators are able to alleviate many of 
the risks associated with potential data collection issues. 

Corrosion damage in unpiggable pipelines
The most common, and often most deleterious, damage 
mechanism seen in pipelines is corrosion. The following 
types of corrosion occur in non-standard environments, and 
are now being seen with more frequency. 

 ) Corrosion under pipe supports.

 ) CUI.

 ) External corrosion due to coating failure.

 ) CO
2
 top side corrosion.

 ) External corrosion in high voltage utility corridors.

Figure 1. Examples of various complex piping configurations once deemed unpiggable.
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 ) Riser and splash zone damage in offshore pipelines.

 ) Corrosion due to stagnant product flow. 

 ) Damage caused by urban infrastructure and pipeline 
inaccessibility.

Ultrasonic inline inspection
Ultrasonic (UT) ILI, also commonly referred to as smart 
pigging or intelligent pigging, is an ILI technology that 
uses direct measurement of the pipe wall. Utilising up to 
hundreds of precise sensors, UT tools travel the interior of 
a pipeline, taking overlapping ultrasonic measurements of 
geometry and metal loss features. Recently, high resolution 
UT tools have entered the market, allowing for better 
detection and characterisation of corroded areas, including 
small diameter defects. 

Rather than taking approximate measurements of 
pipeline defects, UT inspection tools gather absolute wall 
thickness readings, providing exact damage calculations, 
rather than estimations. Because of this, ultrasonics tend to 
be the most reliable inspection method for data collection. 

UT tool technologies are also well suited for inspecting 
heavy wall pipelines. Unlike magnetic flux leakage (MFL) 
tools that struggle with thick wall piping, ultrasonics are 
able to measure exact metal loss thicknesses, regardless of 
heavy wall restrictions. Lines whose designs require thick 
wall piping, including offshore pipelines, largely benefit 
from UT tool technologies. Because UT inspection tools 
use ultrasound to measure wall thickness, they are directly 
measuring the pipe wall. For traditionally unpiggable 
pipelines where records and documentation can be lacking, 
a UT tool will provide for accurate characterisation of 
the as-built condition of the pipe as well as any and all 
anomalies that may be present. 

Although UT ILIs are an extremely reliable method, 
there are a few limitations an operator must consider. In 
order to collect data effectively, an ultrasonic tool must 
be propelled in a couplant, therefore requiring liquid 
in the line at the time of inspection. Depending on the 
cost of running temporary fluid through the pipeline, it 
can be more cost-effective to use alternative inspection 
techniques for lines that do not generally contain liquid, 
such as gas pipelines. 

Although any inspection methodology has benefits and 
limitations when inspecting unpiggable pipelines, the true 
test of capability is seen outside of theoretical situations. 
Real-world circumstances make unpiggable pipeline 
inspections considerably more complicated and must be 
assessed practically and on a case-by-case basis, in order to 
determine an inspection methodology capable of detecting 
any potential defects. 

Time is key
In many instances, what may make a line unpiggable 
is the substantial amount of time it takes to inspect a 
complicated pipeline. For some operators, the prospect 
of taking a pipeline out of service for days at a time is 
not only impractical, but impossible. For example, if an 

operator cannot tolerate any reduced product flow, a 
number of inspection providers are automatically unable to 
perform an inspection. Depending on the operator’s time 
restrictions, however, some inspection technologies are 
capable of inspecting 100% of an unpiggable line in under 
24 hours without significantly modifying the line, allowing 
previously uninspectable pipelines to be inspected and 
returned to service in the same day. 

There are two commonly recognised circumstances 
where time constraints have a particularly negative effect 
on inspection services. In some cases, an inspection must 
be completed quickly in order to place a line back into 
normal service in a short period of time. In other instances, 
an operator may have an extremely small window of 
opportunity to perform potential remediation, and requires 
immediate inspection results in order to effectively 
respond. Depending on the chosen inspection provider, 
these time constraints no longer deem a line unpiggable, as 
inspections and data reporting can be produced in a matter 
of hours, rather than weeks or months. 

This capability is not, however, available from every 
inspection provider. The ability to both inspect and assess 
over the course of a few days (or less) requires a unique 
inspection and assessment methodology that is not always 
available. It is important to fully understand the delivery 
capabilities of inspection providers to ensure appropriate 
turnaround requirements are met. 

Considering data resolution
Although modern inspection technologies have made 
profound strides in pipeline piggability, an inspection is 
essentially ineffective if the data collected during the 
inspection is of poor quality. Many of today’s inspection 
technologies may sufficiently detect flaws, but may not 
be able to size the actual length, depth and severity of 
these anomalies. However, today’s UT tool technologies are 
able to go beyond standard flaw detection, providing the 
highest quality data resolution and accuracy available in 
modern history.

High resolution data quality is critically important 
in order to better characterise anomalies, understand 
damage mechanisms and enable more accurate high level 
engineering assessments. One particularly significant 
benefit of acquiring high resolution data is the ability to 
plan for future maintenance. High resolution wall thickness 
data not only provides accurate flaw detection, but allows 
for Level 2 and Level 3 assessments on areas of metal loss, 
providing more accurate assessments of an asset’s fitness-
for-service. High quality geometry data also gives engineers 
the ability to calculate stress concentration factors or 
build finite element models of individual flaws in order 
to understand the actual threat of such anomalies. By 
gathering more high resolution data, an operator can better 
see how defects interact and what their true impact is to a 
pipeline’s integrity.

If an ineffective inspection methodology is used, 
a number of problems can arise. If quality data is not 
collected during the inspection, it is possible that 
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anomalies may be misinterpreted, or go completely 
undetected. Because navigational challenges are becoming 
less prohibitive, it is now critical that an inspection tool is 
capable of not only detecting flaws, but can also provide 
high resolution visibility to these areas of damage. 

Budgetary implications of unpiggable pipeline 
inspections
It is generally understood that unpiggable pipelines can 
be extremely costly to inspect, maintain and repair. It 
can be argued, however, that the ‘you get what you pay 
for’ adage is accurate when it comes to ensuring pipeline 
integrity. The ability to successfully navigate a myriad 
of pipeline complexities, as well as collect excellent 
high quality data, allows for long-term performance and 

regulatory compliance that is well worth the upfront cost 
of inspection. 

There are many factors that should be evaluated when 
determining an effective inspection technology. Because 
the operational requirements of inspection technologies 
can vary, it is important to examine the entire costs of an 
inspection project and view the entire solution holistically. 
Critical components of an inspection plan including 
navigational capability, site preparation, mechanical set-up 
and data quality are all important factors to consider. It 
is vitally important that tool technologies be scrutinised 
thoroughly in order to determine whether or not each 
individual pipeline criteria is met prior to inspection. 

Another key difficulty for pipeline operators is justifying 
ILI on assets that have never been inspected. In today’s 

unforgiving environment, pipeline 
inspections are more critical to perform 
than ever before, even for lines that 
have never failed or shown indications 
of damage. The phrase ‘hope is not an 
integrity strategy’ is a harsh but effective 
warning. Ultimately, the most crucial asset 
integrity decisions hinge on the ability to 
safely operate an asset, regardless of a 
pipeline’s history. Accurate and repeatable 
inspections are truly the only effective 
method to ensure failures do not occur.

Conclusion
Increasing regulatory and public scrutiny 
of the energy industry is at an all-
time high, making accurate pipeline 
inspections more critical than ever. By 
understanding the full scope of potential 
damage mechanisms, as well as the 
unusual factors that can make routine 
inspections extremely challenging, 
pipeline operators are able to confidently 
determine an appropriate inspection 
methodology based on each individual 
pipeline’s requirements. Although ILIs are 
becoming more readily accessible, it is 
vital that all inspection methodologies 
be carefully considered along with the 
specific damage mechanisms expected in 
a particular line. By carefully weighing all 
of these factors together, operators can 
best extend the life of critical pipeline 
assets. 
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Inspection Company has understood the rigors of pipeline 
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Take pride in 
your possessions 

Clara Calvi, LK2, Italy, discusses 
the invaluable nature of monitoring 
and tracking the assets involved in 

induction heating. 
Induction heating is a method for heating metal pieces 

of material without getting in contact with them. As a 
result of medium-high frequency power generators, a 
magnetic field is created inside a coil which, crossing the 

work-piece (pipeline), generates a heating process across the 
pipe circumference that allows the rapid reaching of a specific 
required temperature.

As a fundamental part of the field joint coating processes 
in pipeline industry, the demand for induction heating 
technologies is in constant evolution to produce the required 
pipeline surface temperature for the upcoming coating 
application in the field. 
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Pipeline induction heating processes are widely used, and 
they are much more versatile than other traditional heating 
methods. Consequently, there are several advantages arising 
from the proper implementation of induction heating in the 
coating process, which are very well known and appreciated in 
the oil and gas sector, such as: 

 ) The desired temperatures are reached much faster than 
using a torch, with the immediate result of a better 
production rate.

 ) The consistency of the final result does not depend on the 
competence and capability of the operator: an automated 
system guarantees a steady result, repeatability and leads 
to major quality.

 ) Induction heating does not cause oxidation. 

 ) No open flames are used in the field, and this is providing 
a safer workplace. 

 ) With induction heating systems, no damages are produced 
on factory coating.

 ) Best solution in case of extremely low temperature.

 ) The pipe circumference is heated not only very quickly, but 
also homogenously.   

Induction heating is the easiest and most reliable method 
to meet the cycle times demanded by the industry, in order 
to get an accurate and uniform heating around the full 
circumference and bandwidth of the weld joint. 

As a company very active in different sectors of oil and 
gas corrosion prevention, besides dealing in heat shrinkable 
sleeves, one of LK2’s main activities is the manufacturing of 
induction heating generators and converters for welding and 
field joint coating applications. The company has had the 
opportunity to be fully involved in the induction heating 
world, acting as suppliers of services for maintenance, repair 
and assistance to existing machines.  

LK2’s experience in this particular segment has helped the 
company understand that:

 ) Companies often suffer severe economical damages 
due to the inefficiency of their machines which, for the 
specific nature of their utilisation, are often overstressed 
by extreme environmental conditions. Operating in 
tropical areas or in the rigid climate of the arctic tundra 
can seriously damage the sophisticated electronic parts 
of a machine. Control over the working environment 
conditions could help to prevent and dramatically reduce 
such damages.

 ) Serious damages to equipment main components (engine, 
alternators) can be due to misuse or improper utilisation, 
but it is difficult to know exactly if and when this took 
place.

 ) The daily operations can be slowed down as a result 
of failures and breakdowns. The situation can become 
particularly critical when this happens during a crucial 
phase of the work, such as during pipeline laying or 
in offshore barges – where time is money and speed 
is essential. Keeping equipment in the best possible 
maintenance condition is a cost-effective method for 
reducing upcoming failures and breakdowns. Knowledge of 
the daily routine of the machines, as well as an efficient 
maintenance schedule, are a practical and successful 
prevention tool.

 ) Although it is not very common, sometimes equipment 
can be simply ‘lost’ somewhere. They are rented for a 
long period of time, moving from one site to another 
and, at a certain point, the machine disappears. It may 
take months to find out what happened, and most 
probably the machine is not in the best condition once 
found. 

Even if everybody agrees with the previous statements, 
LK2 has experienced that the reality is very different: machines 
left unused, in failure for months, sometimes even without 
knowing exactly where they are located – which results in 
other machines needing to be rented as back up for those out 
of order. Maintenance schedules are frequently not respected, 
servicing is not carried out, and all of this ultimately reflects in 
a waste of money and time.

The company believes that knowing the exact conditions 
of your equipment and of your generators’ fleet is crucial 
for the best optimisation and for reducing stops in work. 

Figure 1. Heating a 48 in. pipeline in Val de Saône (France).

Figure 2. Pipeline operations in the Oman desert.
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These inconveniences are resultant from unexpected machine 
failures and breakdown which become, with improved 
knowledge, more predictable and better managed. 

The last evolutions in terms of smart management, 
connections and communications help LK2 to actively pursue 
the goal of knowledge. With this idea in mind, the company 
created a project called ‘BoxInG’, which is a supporting tool 
for all the companies who need and want to manage their 
equipment and generators’ fleet best.

Led by the idea that “risk comes from not knowing what 
you are doing” (Warren Buffet), LK2 created a GPS based 
system for the easy control of, but not limited to, generators. 

The system is made of an embedded transmission module, 
for GSM/GPRS or satellite communication, which can be also 
retrofitted on existing old machines. 

It integrates GSM/GPRS and satellite communication 
capabilities in order to guarantee a proper availability of 
positioning and logging functions all over the world, even 
in the extreme areas where GSM coverage is normally not 
granted (deserts, offshore, remote areas, etc.).

A management software on a web-based platform, 
accessible from anywhere, shows a map of the generators’ 
fleet positions, manages all the units’ information, and 
produces periodical reports of machine activities. 

Due to a dedicated webpage, accessible from anywhere, 
once properly identified through an account and password, 
a single-screen snapshot of the entire fleet will be displayed. 
Furthermore, in addition to providing a precise GPS position of 

each single machine, the system transmits all the data relevant 
to daily routine.  

A cloud-based architecture, available 24/7 and worldwide, 
allows for: 

 ) The management of all consistent data (s/n, year of 
production, engine type, engine s/n, alternator brand, etc.). 

 ) The periodical control of the daily/weekly/monthly 
activities thanks to periodical log transmission. 

 ) Maintenance scheduling, remote diagnostics and any 
other working parameter that can provide a clearer view 
and understanding of all the machine statuses to the 
operations managers.

In summary, a powerful tool for better decision making: 
one instrument to know where your equipment is, how long 
it has been operational and if, and when, maintenance is 
required.

Conclusions
The possibility of monitoring the asset’s status allows the 
predicting of failures – reducing the operational costs 
associated with asset maintenance, repair and replacement. 
Changing the attitude from a ‘culture of doing’ into a ‘culture 
of knowing’ is an important step to a new and better way 
of managing the assets, reducing risks and damages, and 
improving the working life of the assets – which subsequently 
leads to better optimisation of time, work and money. 
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solutions for pipelines
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How important is weld integrity in 2019?

JIM BYRNE, Miller Electric Mfg. LLC
With the differences in metallurgy and pipe 
properties available today – such as X70, X80 and 

higher strength X100 pipes – the integrity of the weld is 
extremely important. It is also critical for the environment 
and safety that these pipes do not fail. 

Miller power sources and wire feeders offer advanced 
processes and new technologies that help welders produce 
better welds – even for new welders with less experience. 
I don’t think many contractors are hiring pipe welders with 
25 years of experience anymore, because there are few 
25 year veterans out there looking for work. Many of the 
welders coming in are new to the trade. Proper training is 
still critical, of course, but new equipment with advanced 
processes and technologies is designed for easier set-up 
and use for operators of all skill levels.

&
World Pipelines asked 

Huntingdon Fusion Techniques 

and Miller Electric Mfg. LLC 

to answer some questions in 

relation to pipeline welding.

welding

DR. MICHAEL J FLETCHER, Senior Consultant, 
Huntingdon Fusion Techniques

Michael is a qualified Metallurgist with extensive experience in welding and non-destructive 
testing. He works as an independent consultant, providing support to a wide range of 
manufacturing industry on a global basis. 

JIM BYRNE, Application Sales Manager,
Miller Electric Mfg. LLC

Jim has more than 33 years of experience working in the welding industry. He studied avionic 
electronics, electrical engineering and mechanical engineering, and has a bachelor’s degree in 
engineering management from Silver Lake University (USA). 

Miller Electric Mfg. LLC: Weld integrity is critical, especially for 

industries that use X70, X80 and X100 pipes. Power sources 

and wire feeders that offer advanced processes and new 

technologies can help welders of all skill levels produce better 

welds. 
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How can you achieve zero weld defects in pipeline operations?

JIM BYRNE, Miller Electric Mfg. LLC
Attention to detail is key in achieving zero weld 
defects in pipeline welding. That starts with exacting 

preparation of the pipe. The selection of the proper welding 

process for the job also plays a big role. Advanced processes 
can really help operators achieve a better-quality weld. 
Welding power sources designed for easy set-up and push-
button changeover also help ensure welders use the right 
parameters to produce the highest quality work. An 
investment in upfront training is extremely important as well. 

Describe the current 
limitations of automatic 
welding technology

JIM BYRNE, Miller Electric Mfg. LLC
It may require a different skill set for operators. 
Accessibility to the welds can also be an issue, and 

fit-up on the pipe for the root weld can be a challenge. 
Unless you have repeatable fit-up and exacting welds, some 
of the automated systems cannot compensate for poor part 
fit-up of the root pass. If you have got a skilled welder, and 
you give him a reasonably new piece of equipment with 
good technology and a process that is easy to run, he can go 
head-to-head with any automatic system out there. 
Automated systems do have their place for fill and cap 
welding.

How are you addressing: improving welder skills, safety and set-up?

JIM BYRNE, Miller Electric Mfg. LLC
Miller has equipment to help address all three of 
these issues. As far as improving welder skills, 

advanced processes can help welders of varying skill levels 
produce high-quality welds, because many of these 
processes are more forgiving to variations in technique. 

Regarding safety on the jobsite, welding technology 
that allows operators to make changes at the weld joint is a 
game changer. It means less movement on the jobsite – since 
welders no longer have to walk back and forth to the power 

source to make adjustments, reducing exposure to jobsite 
hazards. Miller gives them the ability to make any adjustment 
right where they are welding, which reduces the risk of injury.

Making it easier to set up the machine and the process 
is also important to Miller. Miller uses the analogy of the 
popcorn button. With microwaves today, users can simply 
push a button and the machine chooses the right time and 
power level, and they don’t have to worry about burning 
their popcorn. Miller wants welders to be able to push a 
button that makes machine set-up that easy.

How do you approach reducing costs in welding procedures vs quality 
control?

DR MICHAEL J FLETCHER, Huntingdon 
Fusion Techniques
One part of the technical research team at 

Huntingdon Fusion Techniques HFT® is dedicated to 
continuous development of weld purging systems. The team 
responds to feedback from customers and closely monitor 
advances in control systems and materials and incorporate 
them into the development programme.

The overall aim is to produce cost-effective pipeline 
weld purging systems that are robust and easy to use, but 
at the same time reduce purging times whilst ensuring that 
quality standards for inert gas coverage are met. Experience 
indicates that these systems can reduce purging costs very 

Huntingdon Fusion Techniques: PurgEye® 100 Weld Purge 

Monitor®.

Miller Electric Mfg. LLC:  Selection of the proper welding process 

for the job plays a big role in weld quality. Advanced processes 

such as pulsed MIG or modified short-circuit MIG are more 

forgiving to variations in stickout and result in a calm, stable arc.
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significantly when fast purging times and reduced inert gas 
usage are taken into consideration.

The product range includes integrated pipe purging systems 
covering the range from 1 - 88 in. (25 mm - 2235 mm) diameter. 

Current models are quite capable of providing a purge 
atmosphere containing less than 10 ppm oxygen, and 
complementary instruments are also available with which to 
continuously monitor the oxygen content. 

Describe an industry trend that has affected your business this year

DR MICHAEL J FLETCHER, Huntingdon 
Fusion Techniques
There is a driving need to develop new and better 

materials for the oil and gas pipeline industry, and this has 
led recently to the introduction of alloys offering better 
corrosion resistance and improved mechanical properties. In 
many instances, this has led to greater demands being made 
on weld quality.

Earlier materials required much less attention to be paid 
to purge gas oxygen content, but welding of the newer alloys 
can lead to loss of corrosion resistance and a reduction in 
mechanical properties, unless a very low oxygen content 
can be maintained. As HFT are able to offer consistent 
low oxygen levels and quality equipment to continuously 
monitor the protective gas, we have experienced a dramatic 
increase in the weld purging field in the past year.

JIM BYRNE, Miller Electric Mfg. LLC
Almost every company and contractor wants 
to adopt methods and processes that improve 

efficiency. They also want solutions that help improve the 
skill sets of their welders and help reduce weld failures. 

Many of the transmission pipelines are changing to low-
hydrogen processes. These adapt very well to advanced MIG 
welding processes using solid and metal-cored wires, so we 
are seeing more operations adopt that for pipeline repair and 
new builds. 

Huntingdon Fusion Techniques: QuickPurge® tube, pipe and 

pipeline weld purging system.



     The Pipe Line Contractors Association was established in 1948 and negotiates labor
agreements, encourages safe practices in pipeline construction and seeks the resolution
of problems common to all those in the industry.

The purposes of this Association are as follows:

(a)  To make membership in the Association a reasonable assurance to the public of the skill,
integrity and responsibility of its members.

(b)  To maintain the standards of the pipeline contracting business at the level 
necessitated by its quasi-professional character and to establish members of the Association
in the public mind as contractors who fulfill obligations in good faith.

(c)   To promote more cordial and cooperative relations among pipeline contractors and between
pipeline contractors and those with whom they deal or have contact.

(d)  To encourage efficiency among pipeline contractors and their employees.
(e)   To seek correction of injurious, discriminatory or unfair business methods practiced by or

against pipeline contractors.
(f)   To eliminate as far as possible the occurrence of injury and death to pipeline 

contracting employees.

For more information on the Association or membership opportunities, 
please visit our Web site at:

www.plca.org

1700 Pacific Avenue, Suite 4100 • Dallas, Texas 75201 • Ph: 214.969.2700 • Fax: 214.969.2705

PIPE LINE CONTRACTORS ASSOCIATION



 is 
not an option

FAILURE is 
not an option

Mushaid Nauman, Penspen, United 
Arab Emirates, describes an 
investigation into weld failures in 
duplex stainless steel flowlines.

Oil and gas pipeline operators often struggle with a 
bewildering array of factors when it comes to the 
reliability and safety of their pipelines. This is especially 
prevalent when the fluid being transported is corrosive 

and/or at high pressure, or close to people and/or environmentally 
sensitive areas. Although the risk can be mitigated by selecting 
the corrosion resistant material, there will always be a sacrifice on 
the overall cost. In most cases, an ideology increasingly agreed 
by operators, contractors and owners is to use carbon steel (CS) 
– for economic reasons. However, the use of CS requires careful 
management. This scenario eventually leads to careful CAPEX/
OPEX comparisons to select the most suitable choice during the 
design stage. For highly corrosive environments, corrosion-resistant 
alloys (CRAs) – in particular duplex stainless steel (DSS) – remains 
the most cost-effective option. This is because the risk of corrosion 
failure on CS pipelines is high and the use of corrosion inhibition 
with CS is often either impractical, costly or poses too high a risk.

Duplex stainless steel
DSS was first introduced to the oil and gas industry in the late 
1970s when it was selected for natural gas pipelines. At that 
time, this selection provided a critical commercial breakthrough 
for Duplex 2205 (UNS S32305/S31803). It paved the way for the 
acceptance of Duplex 2205 into not only the oil and gas industry, 
but also into many other industries.

As such, DSS material also finds applications in seawater 
cooling, fire protection systems, topside and subsea production 
pipe work (apart from flowlines and pipelines). However, this 
presupposes that all items in the bill of materials are consistently 
and repeatedly processed, heat treated, pickled, passivated, welded, 
installed, commissioned, operated, maintained and deployed in 
environments within the limits of their application range. With 
over 40 years of wide scale use of this alloy by the oil and gas 
industry, the overall experience has been good. However, problems 
can intermittently recur and drastically affect the ‘fit and forget’ 
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philosophy, besides denting the operational excellence. One such 
high profile and recurring problem has been discussed in this article. 

Material use and failure history
DSS pipes are joined by welding – which needs special controls to 
achieve the required quality, properties and corrosion resistance. 
Failing to control welding correctly can result, in the worst case, 
in catastrophic failure and loss of life. The DSS pipe material 
under consideration has been used in flowlines for various wet 
gas production and reservoir wells since 1984 in the Middle East. 
For these gas fields, the produced and imported gas is fed and 
processed in the plant to remove heavier hydrocarbons and water. 
The heavier hydrocarbons are separated to form condensate liquid. 
This condensate is stabilised and transported through pipelines. 
The gas produced from the field is exported through pipelines 
to a compressor station. Excess available gas (imported) from the 
gas network is injected in the reservoir and retrieved/produced 
when required. In general, gas is compressed and injected into the 
reservoir for storage (in the import mode) and retrieved, processed 
and transported to a compressor station for distribution (in the 
export mode).

DSS pipe material was first installed at the wells in question 
in 1984 and was in service for two years. In 2004, the material was 
reused as another production flowline and was in service for a 
further six months. In 2016, the pipe material was recovered to 
construct a different flowline for connection with the well. As part 
of this task, radiography tests were performed on 26 girth welds. 
Seven of these girth welds were identified with internal corrosion 
and pitting corrosion near the heat affected zone (HAZ). However, 
no defects or flaws were identified on the parent material. 

The fluid being transported was sour wet gas with high 
chloride content (2000 ppm). The flowline operating temperature 
was 66˚C with 103 barg operating pressure. The possible internal 
damage mechanisms investigated for DSS flowline welds were 
intermetallic phase precipitation, stress corrosion cracking (SCC) 
and chloride induced pitting corrosion. The tests performed during 
the investigation included chemical analysis, pitting resistance 
equivalent number (PREN) calculation, mechanical tests (hardness, 
tensile and charpy), microstructural analysis, macro analysis, ferrite 
count measurement, scanning electron microscope (SEM) analysis 
and energy dispersive spectroscopy (EDS) analysis, as well as a 
general visual examination.

Investigation
The results indicated anomalous behaviour of the HAZ and weld 
root areas. The test material was found to have acceptable tensile, 
hardness and chemical tests at the parent and weld cap areas, but 
unacceptable test results at weld root and HAZ areas. The pitting 
corrosion was observed only at the root side within the defected 
girth welds. This justified a detailed microstructural analysis at all 
the locations, though no signs of sigma or chi phases were evident 
in the microstructural analysis. 

The breakthrough of the failure investigation occurred when 
optical emission spectroscopy (OES), combustion analysis and 
positive material identification (PMI) analysis showed the weld 
root of SS309 material and not of DSS UNS31803. Additionally, 
the calculated PREN value was of SS309 material at weld root 
side. The microstructural analysis revealed the typical weld root 

morphology of SS309 with carbides and dendrites precipitating in 
the interdendritic regions. Close up review of SEM examinations 
revealed the existence of cleavage facets within the damaged 
austenite islands, in addition to slip-line formation and ductile 
tearing.

The type of welding involved during the whole process was 
gas tungsten arc welding (GTAW). Generally, GTAW gives very clean 
weld metal with good strength and toughness. Mechanisation 
has substantially increased the efficiency of the process such that 
it has been used in applications including cross-country pipeline 
construction. Gas shielding is part of the GTAW process. Generally, 
pure argon is used – although argon/helium mixtures have given 
some improvements by permitting faster travel speeds. Nitrogen, 
a strong austenite former, is an important alloying element, 
particularly in the super/hyper duplex steels, and around 1 - 2% 
nitrogen is sometimes added to the shield gas to compensate for 
any loss of nitrogen from the weld pool. Nitrogen additions will, 
however, increase the speed of erosion of the tungsten electrode. 
Purging the back face of a joint is essential when depositing a 
GTAW root pass. For at least the first couple of fill passes, pure 
argon is generally used – although small amounts of nitrogen may 
be added – and pure nitrogen has occasionally been used. EDS 
analysis did not show any nitrogen content within the weld root 
side.

Even though DSS is stronger, it does have some drawbacks 
with respect to welding. Conversely, it does have better corrosion 
resistance in chloride containing environments than the austenitic 
range (300 series). Welding controls must ensure that the weld 
deposit matches the ferrite/austenite ratio of the parent material; 
excess austenite will make the alloy weaker and excess ferrite will 
make the alloy more susceptible to hydrogen cracking (subject to 
all other parameters kept constant). Despite these shortcomings, 
the strength of these steels and the superior corrosion resistance 
does make them a natural choice for flowlines where the 
corrosion resistance is paramount. DSS materials perform 
satisfactorily in sweet, sour and chloride containing environments 
(within the limits prescribed by different standards). Experience 
suggests that the problems most typical of duplex stainless steels 
are associated with the HAZ, not with the weld metal. The HAZ 
problems are not hot cracking but rather a loss of corrosion 
resistance and toughness.

Conclusion
Overall, the probable root cause for the weld failure was identified 
as being the inappropriate filler wire (SS309), utilised for the root 
side welding facing a corrosive chloride-containing sour service 
environment. Additionally, there was also suspicion about incorrect 
back purge gas quality control during original construction resulting 
in a locally diminished passivation layer at the root side. The use 
of wrong filler material was an oversight of the QA/QC personnel 
involved during the welding operation, as both SS309 and ER2209 
looked similar in appearance at that time. Overall, this investigation 
and the expensive task of DSS pipes ‘cut and replace’ exercise 
proved to be a valuable lesson to all the parties involved for strict 
adherence to welding procedure specification and procedure 
qualification record during the welding operation. Moreover, the 
remaining flowlines with similar weld history were subjected to 
thorough inspection and weld repairs where necessary. 
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Ana Juraga Oluic, Cortec Corporation, Croatia, 
details a corrosion inhibiting technology and its 

recent applications protecting pipelines. 

One of the global leaders in innovative, 
environmentally responsible corrosion control 
technologies for various industries is Cortec® 
Corporation. Headquartered in St. Paul, Minnesota, 

the company manufactures over 400 products distributed 
worldwide. 

Following extensive research and development, Cortec 
pioneered the application and distribution of Vapour 
phase Corrosion Inhibiting (VpCI®) and Migratory Corrosion 
Inhibiting (MCI®) technologies. Cortec produces a full line 
of multi-functional products and highly commits to the 
continued development of solutions that are useful, non-
hazardous to the environment, and recyclable whenever 
possible.

The company’s strong environmental concern is 
demonstrated in the design and manufacturing of 
its products that protect materials of all kinds from 
environmental degradation. 

VpCI technology is an environmentally safe, cost-
effective option for corrosion protection. VpCI products 
protect with a thin, mono-molecular protective barrier. The 
barrier re-heals and self-replenishes, and can be combined 
with other functional properties for added protective 
capabilities. VpCIs form a physical bond on the metal 
surface, creating a barrier layer against aggressive ions, and 
protect multi-metals in enclosed environments. 

VpCIs have a medium vapour pressure of approximately 
10-2 - 10-7 mm of mercury that causes them to vaporise or 
sublimate into the vapour phase. Sublimation continues until 
the enclosed space is saturated, achieving equilibrium. The 
VpCI molecules diffuse from areas of high concentration to 
low concentration, reaching all areas of the enclosure. VpCI 
molecules can go wherever oxygen molecules can go, making 
them an effective protection method for hard-to-reach areas 
such as crevices. VpCIs are attracted to metallic surfaces 
where they condense to provide protection. 
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VpCI molecules are based on amine carboxylate 
chemistry. These molecules are dipoles with non-uniform 
distribution of charges, which translates into attractive 
forces that pull the molecules towards metallic surfaces. 
The molecules arrange themselves parallel to one another 
and perpendicular to the metallic surface, forming a 
monomolecular layer. This layer adsorbs to the metal, 
displaces the water molecules and protects the metal from 
corrosion. Being a dipole allows the protection of both the 
anodic and cathodic components of the corrosion cell. VpCIs 
are effective at protecting multi-metals in electrical, static, 
rotating and civil equipment and structures.

VpCI and MCI technology can be used in each stage 
of the product’s lifecycle, starting from the production 
of metal stock to actual use in the field. When properly 
applied, VpCI/MCI technology substantially cuts time and 
costs throughout the entire product lifecycle: manufacturing, 
storage, shipping and field service. These products eliminate 

the extra processing steps such as cleaning, degreasing, rust 
removal, pickling, sandblasting and reprotecting. This allows 
for less re-work, fewer rejects, improved quality, reduced rust 
claims and extended equipment life.

During manufacturing, these technologies easily integrate 
into customers’ fabrication and assembly processes. While 
eliminating the corrosion of ferrous and non-ferrous metals, 
they provide lubrication, enhanced production speed and 
prolonged tool life to help the customer produce high-
quality products.

Unlike conventional methods, such as filming amine 
corrosion inhibitors, VpCls can be injected into any part of the 
system. They go to work immediately and are self-replenishing. 
Continuous, uninterrupted protection in the liquid phase, 
interphase and vapour phase can be added at multiple 
points. For example, the automatic injection of VpCIs into a 
system – with no attendance operator – provides protection 
immediately, even on pre-rusted or scaled surfaces.

In order for Cortec to be able to continue to facilitate 
and ensure that its customers’ needs are met efficiently, the 
company provides:

 ) Quality Management System (ISO 9001 Certified).

 ) Environmental Management System (ISO 14001 Certified).

 ) Laboratory accreditation (ISO/IEC 17025) – ensures 
quality testing services and to continually improve 
the effectiveness of the Quality Management System. 
It is Cortec’s goal to encourage active participation 
of all employees in quality planning and continual 
improvement efforts to meet the quality and service 
objectives. Cortec Laboratories is the only lab in the 
industry that received ISO/IEC 17025.

 ) Environmental commitment – Cortec commits to the 
continued development of processes and products 
that are useful, non-hazardous to the environment, and 
recyclable whenever possible. 

Deterioration due to corrosion of tubular structures 
during transportation and temporary storage is a huge and 
persistent problem in industry. It causes direct as well as 
indirect material losses. Owing to corrosion, time is diverted 
to handling complaints and customer loyalty is potentially 
lost. Deliveries are delayed as corroded components are 
reworked; corrosion weakens the structural integrity of a 
pipeline and makes it unsafe for transporting potentially 
hazardous materials. Since it can appear within hours or days, 
a prevention method must be implemented. The increased 
risk of pipeline failure far outweighs the costs associated 
with installing, monitoring and maintaining corrosion 
control systems. Preventing pipelines from deteriorating will 
save money, preserve the environment and protect public 
safety. Therefore, planning for corrosion protection during 
temporary storage and transportation is a logical and above 
all necessary step to minimise these losses.

Thankfully, modern solutions – such as CorroLogic VpCI 
technology – are available on the market. The solutions 
provide protection to equipment and parts during these 

Figure 1. The internal and external surfaces of the pipes were 
washed with VpCITM-414. The inside surfaces were sprayed 
with VpCI-369D and the external surfaces were coated with 
VpCI-368M. Both ends of the pipes were sealed with a plastic 
cap or film.

Figure 2. After the application of Cortec® products, the pipes 
are stored for three years. 
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sensitive time frames. A specialised product range developed 
by Cortec Corporation’s scientists and engineers offers 
solutions for preventing corrosion of pipelines and extending 
the structural life of pipelines. This range is the Corrologic 
CorrCapsTM powered by Nano VpCI, which are heavy wall 
black polyethylene pipe caps containing proprietary VpCIs.

Case study: outdoor pipe storage
A customer needed to prevent corrosion on the inside 
and outside surfaces of pipes being stored outdoors. The 
customer uses the pipes to repair damaged transport system 
gas lines.

The internal and external surfaces of the pipes were 
washed with VpCI-414 (15% dosage rate). The inside surfaces 
were sprayed with VpCI-369D, and the external surfaces were 
coated with VpCI-368M. Both ends of the pipes were sealed 
with a plastic cap or film. After the application of Cortec 
products, the pipes are stored for three years. The customer’s 
needs were met in an efficient and economical way. 

Case study: storage of gas pipes
Unit Engineers & Construction Ltd carries out various tasks 
on gas pipes. Approximately 50 of the pipes, varying in length 

between 1 - 10 m and an internal diameter of 40 - 70 cm, 
were in need of long-term protection. These pipes were to 
be stored outside, open to the elements, possibly causing 
internal corrosion.

The customer required a solution that would allow the 
pipes to be stored outside prior to assembly, which could be 
for up to two years.

The pipe flanges were treated with VpCI-389D and 
allowed to dry. The ends and various other openings on the 
pipes were then covered with VpCI-126, while VpCI-609S was 
fogged into the internal areas of the pipes.

Cortec’s solution resulted in low cost anti-corrosion 
protection, allowing the equipment to be stored outside 
prior to assembly.

Case study: equipment preservation
Ensco required the cleaning and long-term, outdoor 
preservation of one Annular and two BOP NXT double 
bodies. The equipment was to be stored outdoors, at a 
coastal storage yard in the UAE where temperatures can 
regularly exceed 50˚C and humidity upwards of 100% is 
not uncommon in the summer. Both internal and external 
preservation with a tried and tested solution was required. 

Cortec’s VpCI products were proposed to Ensco to 
mitigate the effects of corrosion for the Annular and BOPs. 
The preservation work took place in a GAC yard in Mussafah, 
Abu Dhabi. Lifting lug access was maintained so that 
equipment could be moved from the GAC yard to permanent 
storage, as required by Ensco. 

The process took the following steps:

 ) Equipment was hand cleaned before VpCI-414 was 
brushed on to prepare the surface for the new coating.

 ) VpCI-386 was applied to all painted surfaces and VpCI-
368 to all bare surfaces.

 ) Internal void spaces were protected by placing VpCI-308 
pouches inside the cavity.

 ) Equipment was wrapped with MilCorr VpCI Shrink Film 
to prevent the ingress of dust to the unit and provide 
additional corrosion protection.

The equipment was effectively and efficiently preserved 
with Cortec products at the yard where they were stored. 
Following which they were moved to a new storage location. 
Access to lifting lugs was maintained and the MilCorr wrap 
was durable enough that it did not tear or rip during transit.

Conclusion
Deterioration due to corrosion during transportation and 
temporary storage during interstage manufacturing, is a huge 
problem in the industry. As a result of temporary corrosion, 
time is diverted to handling complaints and customer 
loyalty is potentially lost. Therefore, planning for corrosion 
protection during temporary storage and transportation 
is crucial to minimise these losses. Cortec is developing 
new technologies and integrated solutions to ensure safe 
transport of materials and minimal losses for clients. 

Figure 3. Pipes were sealed with an end cap and Cortec VpCI-
309 powder was fogged in at a rate of 500 g/m3.

Figure 4. The opened end was sealed with an end cap. This 
would ensure the protection of the pipes for more than three 
years.
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Raising the bar in 
riser life extension

Dhyan Deka, 2H Offshore, USA, describes a data driven approach to the life 
extension of steel catenary risers in the Gulf of Mexico. 

Steel catenary risers (SCRs) are ubiquitous in deepwater 
oil and gas fields in the Gulf of Mexico. SCRs are 
functionally versatile, being used for production, 
injection and large diameter oil and gas export – and 

can be designed to withstand unforgiving environments. SCRs 
are tolerant of large vessel motions and can be attached to 
all types of floaters including semi submersibles, tension-
leg platforms (TLP) and floating production storage and 
offloading (FPSO) units. Thus, their extensive use comes as no 
surprise. The first SCR was installed on the Auger TLP in 1994, 
and by 2004 over 100 SCRs had been installed worldwide. 

Several of these risers are now close to the end of their 
design lives. The key decision faced by operators is whether 
to continue using these risers (and the assets themselves) or 

to decommission them. Continued production from existing 
wells and the addition of new tiebacks often tilt the decision 
to the life extension side. 

The offshore industry’s experience in life extension 
assessments is limited and is still at a stage where standards 
are being set and guidelines are being developed. In general, 
a sound engineering basis for life extension of assets is 
necessary. This is more so in the case of SCRs as they are 
optimally designed, and the consequences of failure can be 
quite severe. Industry collaborations aimed at developing 
riser life extension requirements include the API-2RIM 
committee and the Steel Riser Enhanced Analytics using 
Measurements (STREAM) joint industry project – which is 
being managed by 2H Offshore.

Figure 1. SCR with strakes.
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Life extension process starts with riser 
condition review
A broad overview of the SCR life extension process is 
shown below. As the first step, the original design basis, 
analysis reports and specifications are reviewed. It is vital 
to understand the key assumptions made in design and the 
limits of the system. Design parameters such as pressure, 
temperature, internal fluid chemistry, corrosion allowances 
and environmental loads are compared to data collected 
in the field. The operational history and deviations from 
design are used as inputs to a revised fatigue assessment of 
the riser.

The present condition of the riser is the other key input 
to the life extension assessment. An internal condition 
assessment is conducted to determine corrosion wall loss 
and to check if any fatigue cracks are present. External 
condition assessment is also conducted to determine the 
presence of anomalous features such as missing strakes or 
degraded flex joint elastomers. An integrity management 
(IM) programme, if present, saves significant time and effort 
in this process. An IM programme by definition, requires 
periodic condition assessments of the equipment and 
ensures that accurate records exist.

Refined fatigue analysis
The core of the life extension process is the revised fatigue 
analysis, as it provides a quantitative assessment of whether 
the riser is considered safe with sufficient fatigue capacity 

for continued service. Often, the fatigue analysis method 
must be more refined than industry standard design analysis 
as the latter is conservative and may not meet life extension 
targets. Analysis refinements can only be made if riser 
response is well understood and uncertainties are reduced. 
Field measured data is invaluable in this case. In the next 
section, the findings from the STREAM JIP are presented. The 
JIP utilises data from multiple SCR monitoring programmes, 
including a lazy wave SCR, and provides a measurement-
based foundation for improved analysis methods for use 
in both life extension programmes and new riser design 
projects.

Repairs and modifications
Repair and modifications are sometimes unavoidable in the 
context of SCR life extension. For example, additional strakes 
for suppression of vortex induced vibration (VIV) may need 
to be installed or the cathodic protection (CP) system may 
need to be upgraded using additional anodes. Flex joints 
may need to be replaced with a newer flex joint or a tapered 
stress joint (TSJ). Such modifications should be made only 
after a thorough life extension assessment based on the 
current SCR condition is completed. Expensive modifications 
may be avoided if SCR analysis is refined to remove 
extraneous conservative assumptions. 

Getting approval
Once life extension of the SCR is deemed feasible and 
required repairs/modifications have been conducted, 
the operator is required by the Bureau of Safety and 
Environmental Enforcement (BSEE) to draft a forward-
looking IM plan with clearly defined inspection 
and monitoring schedules based on component risk 
assessments. Further, the entire life extension process is 
required to be verified by a certified verification agent 
(CVA) – an independent engineering entity that serves as 
the eyes and ears of BSEE.

A joint industry project to enhance riser 
analysis
The STREAM JIP commenced in mid 2017 with four major oil 
and gas operators as participants. The first phase of the JIP 
concluded in the 3Q18. The second phase will commence 
in early 2019. The objective of the JIP is to provide a 
measurement-based foundation for SCR and steel lazy wave 
riser (SLWR) modelling to ensure that the fatigue response 
is assessed with adequate but not overly conservative 
parameters. 

A number of SCRs around the world have been monitored 
using accelerometers and strain sensors. However, prior 
to the STREAM JIP these data sets had only been assessed 
in isolation and to varying degrees of detail. 2H Offshore 
recognised the need to assemble these data sets together to 
determine consistent trends that could help refine analysis 
parameters for all SCRs through industry consensus. Field 
measurements from five instrumented risers: four SCRs and 
one SLWR, were used in phase 1. All risers are in the Gulf 
of Mexico in water depths ranging from 3000 - 5000 ft. 

Figure 2. Typical riser life extension process.

Figure 3. JIP parameters produce the most accurate fatigue 
predictions.
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The risers range in size from 7 - 14 in. in diameter and are 
attached to either TLPs or spars. The risers are monitored 
by various combinations of motion and strain measurement 
devices typically clustered near the hang-off and near the 
touch-down zone (TDZ).

The sensors log data in discrete intervals of 10 - 30 min. 
for periods from six months to multiple years. Each 
10 - 30 min. logging period is termed as an ‘event’. The 
dynamic riser response in each event is distinct and depends 
on what is causing the excitation or dynamic response of 
the riser system. The most common source of excitation is 
vibration stemming from incoming waves and the associated 
motions of the host vessel. The corresponding event is then 
classified as a wave dominant event. The other common 
response type, especially for risers lacking complete VIV 
suppression devices such as strakes or fairings, is VIV caused 
by currents. Besides these two response types, there are 
other sources that can excite the riser. Some examples are: 
VIV caused by the riser motions – motion-induced vibration, 
MIV or heave-induced VIV, (HVIV) – slug induced vibrations 
and vessel VIV induced vibrations also termed as vessel-
induced vibrations (VIM). In phase 1 of the STREAM JIP, the 
focus was on VIV and wave events as these are the most 
common occurrences.

Scope for improvement
The wave-dominated events corresponded to a range of 
wave height conditions up to one year winter storm. For 

each of these events, global finite element (FE) models of 
the riser were built using industry standard assumptions and 
were driven using measured platform motions or the riser 
hang-off motions. The fatigue damage output near the TDZ 
was then compared to fatigue determined from actual TDZ 
measurements. Upon processing of all the riser data sets 
in this consistent manner, it was determined that ‘typical 
industry standard’ fatigue analysis methods are consistently 
conservative. On an average, the analysis fatigue damage 
rates exceeded measured fatigue damage by factors of 2 to 
12, depending on the riser, configuration and vessel type. This 
factor is high enough to change conclusions in life extension 
studies and eliminate costly repairs.

The data effectively showed that there is more 
hydrodynamic damping in actual risers than used in 
standard analysis methods. A set of alternate hydrodynamic 
coefficients were developed based on test data in the public 
domain and these provided a much closer correlation to 
measured fatigue damage rates. Figure 3 displays the average 
ratio of measured to analysis fatigue damage rates for 
each riser with ‘typical design’ and alternate hydrodynamic 
coefficients. The benefit from using the alternate parameters 
is evident.

Two of the risers were essentially fully straked, and for 
these risers VIV was not observed in the measurements 
even when currents exceeded 2 knots. The risers with 
partial VIV suppression coverage (either strakes or 
fairings) did demonstrate consistent VIV throughout their 
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monitoring periods. For each VIV event identified in the 
measurements, analysis was conducted with the industry 
standard VIV software SHEAR7 using measured through 
depth current data from the same time period. While 
on average, the software was conservative, there was 
significant variation in fatigue damage predictions and 
many VIV events were non-conservatively predicted by 
the software. One of the objectives of phase 2 is the more 
detailed understanding of these results and calibration of 
VIV software. 

Other gaps identified
While the phase 1 results did provide opportunities to 
reduce conservatism, on the flip side, the data revealed 
phenomena that are usually unaccounted for in standard 
design practices. A good example is the occurrence of MIV 
or HVIV events in the data sets, wherein riser vibration 
occurs due to its own movement through the water column 
creating a relative ‘current’ in the process. SCRs are seldom 
designed with HVIV fatigue in mind, especially for TLPs. At 
present, there is no industry standard tool to predict MIV or 
HVIV response and the STREAM data sets will be invaluable 
in better understanding the significance of this phenomena 
and development of appropriate design tools. 

Yet another example of a lesser known phenomena is 
higher harmonic VIV. Industry practice with regards to riser 
VIV is to model the primary crossflow mode only. Higher 
modes that occur at 2× or 3× or at higher multiples of 
the primary crossflow peak are generally not considered 
in fatigue calculations. Riser designers appreciate this 
deficiency in standard VIV models but do not expect the 
higher harmonics to contribute significantly and expect the 
fatigue factor of safety to mitigate the risk of not including 
them. It is apparent that there is a necessity to characterise 
the occurrence of higher harmonic VIV and develop 
predictive tools that will give more realistic estimates of 
the phenomena. In the STREAM data sets, higher harmonic 
VIV is observed in the field measurements. However, it is 
not a frequent occurrence and its contribution to total 
VIV fatigue minimal. An acceleration spectra plot for an 
example higher harmonic VIV event is shown in Figure 4, 

demonstrating up to four harmonics of the fundamental 
frequency. 

Next phase of the JIP
Phase 2 of the JIP will develop statistical tools to include the 
contributions of HVIV and higher harmonic VIV to overall 
fatigue. Another key objective of phase 2 is to study SCR TDZ 
response in hurricanes and extreme storms and determine 
the suitability of commonly used analysis parameters. 
Fortunately, data is available from at least four hurricanes 
in the phase 1 set which can be used for this purpose. 
Additional data sets from other risers will also be available in 
phase 2.

Summary
SCRs are widely used in the Gulf of Mexico owing to their 
simple design and versatile functionality. Usually, SCRs 
are designed for 15 - 20 years and many SCRs in the GoM 
are now nearing the end of design life. Due to enhanced 
production methods and newer tiebacks, operators often 
find it desirable to continue using the existing SCRs. 

To determine the feasibility of using an SCR (or a lazy 
wave riser) for an extended life span, a life extension 
assessment should be conducted. Life extension assessment 
entails a review of design data, operational histories and 
inspections to determine the condition of the riser. Refined 
analysis is conducted with these pieces of information 
to quantitatively ascertain if life extension is permissible. 
Industry standard methods used in original design SCR 
fatigue analysis will almost certainly not favour life 
extension. The life extension analysis should be based 
on enhanced parameters that are determined based on 
measured data on actual SCRs.

In the STREAM JIP – in an industry first – field data 
from four SCRs and one SLWR was collectively assessed 
to determine the degree of conservatism in design fatigue 
analyses methods. In the recently concluded phase 1 of the 
JIP, it was determined with certainty that hydrodynamic 
damping is significantly underused in SCR wave fatigue 
models. On an average, this results in a fatigue damage over-
prediction by a factor of 3. A set of alternate SCR modelling 
parameters were developed that not only reduce the 
unnecessary conservatism but also provide greater reliability 
in fatigue damage prediction. 

SCR VIV was observed to be a consistent occurrence if 
the risers are not fitted with VIV suppression devices along 
their entire lengths. The most common VIV analysis software 
SHEAR7 was determined to be conservative on an average 
but extremely sensitive to small changes in current data. The 
reliability in prediction is low and calibration of parameters 
will lead to improved analysis.

In the second phase of the JIP, which is due to be kicked 
off in early 2019, additional riser data sets will be introduced 
to further validate phase 1 findings. SHEAR7 parameters will 
be calibrated and uncommon but important SCR response 
phenomena such as MIV/HVIV and higher harmonic VIV will 
be studied in detail. Extreme storm events will be another 
focus of phase 2. 

Figure 4. Inline and higher harmonic VIV.
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Zero 
blockages

Mark Bullock, BMA Biotech, USA, describes the attributes of a 
new chemical utilised for flow assurance in pipelines. 

Operators and service companies alike within the 
energy industry are no strangers to snake oil. You 
have all seen snake oil, in one form or another 
when chemicals are involved. You have all heard 

the sales pitches, read the fantastic lab reports, browsed 
over the carefully worded case studies. You’re now so 
impressed and intrigued by the ‘next big chemical solution’ 
coming into the industry, you want to test it. The price is 
reasonable, you agree payment terms, you select a well that 
is having consistent issues, which this product claims to 
prevent.

Initially, you’re impressed when you first inject this ‘novel’ 
product. It seems that the product actually does what the 
smooth-talking salesperson claimed. The results you’re 
initially getting add up to the lab reports and field testing 
data. Then suddenly, as quick as it worked on initial injection, 
it seems to have stopped working. You call the sales rep 
and start the game of cat and mouse, and the excuses start 
flowing from the salesperson. And that is it, as quick as the 
business relationship started, it ends. You’re out of pocket, 
the snake oil company has extra revenue that month to catch 
the next unsuspecting person off guard. 

However, for every 200 snake oil products within the 
industry there is always that one for which the salesperson 
makes claims that seem too good to be true, and your 
previous experience makes you apprehensive, so you don’t 
purchase the product. Six months later, you get to hear 
about this game-changing product which is now being used 
by your competitors. It is then you realise that the product 

you thought was just another snake oil product, does exactly 
what it says on the label. 

BMA Biotech has been in that situation where its newly 
developed flow assurance and pipeline remediation product, 
Hydrocarbon Multi Clean (HMC) has been seen as snake oil. 
So much so, when a service company said those words to 
the company over a conference call, BMA Biotech knew it 
had to prove them wrong. With a journey of 5000 miles to 
the UK, BMA Biotech and the pipeline remediation company 
in the UK conducted a series of bench top tests. No promise 
of a deal, not even a possible contract in place. HMC was 
seen for its true value.

BMA Biotech knows that there are better chemical 
solutions out there for its clients, and the company seeks 
them out and develops them. BMA Biotech’s mission is to 
build strong and lasting partnerships with its clients based on 
Client Value Creation. 

Chemical cleaning 
In oil and gas production, flow assurance and pipeline 
remediation is a vital part of operations, which requires the 
use of multiple chemicals to achieve maximum production 
and serviceable pipelines. Most chemicals that are used 
for flow assurance and pipeline remediation have been 
designed with one specific use and used in the industry for 
many years. These may contain harmful and/or combustible 
compounds, and with increasing environmental regulations 
being imposed on the industry by various agencies – as 
well as a genuine need for operators to reduce operational 
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expenditures (OPEX) – new and innovative products and 
technologies are being adopted by operators to ensure that 
they obtain maximum flow and increased service life of 
pipelines. 

In some cases, newly developed chemicals may need the 
addition of cutting agents, like xylene, to remove paraffin or 
they can only be used in certain conditions or flow streams. 

There are very few chemicals currently available in 
the industry that: can be used for multiple applications; 
follow ever stricter environmental regulations; reduce OPEX 
costs. With this in mind, BMA Biotech looked to develop 
a product which had an excellent environmental profile; 
was easy to deploy; was effective in the remediation 
and prevention of paraffin/asphaltene deposition and 
corrosion; and which can significantly reduce an operator’s 
costs. After extensive research and development, BMA 
Biotech developed HMC.

Product overview 
HMC is a specially blended formulation which combines a 
newly developed thermodynamically stable micro emulsion 
with an eco-solvent to produce an active, robust, versatile 
and fully biodegradable product which prevents corrosion 
and removes and inhibits paraffin/asphaltene deposition. 
HMC does not contain any bacterial based surfactants 
and has been vigorously lab and field tested. HMC easily 
separates from crude oil and does not alter or dissolve 
paraffin crystals, however will prevent the paraffin crystals 

from adhering to surfaces by means of laminating them. HMC 
requires little health and safety oversight, does not have 
toxic or combustible compounds wthin its formulation, and 
can be used in both onshore and offshore production under 
various conditions. HMC is highly effective in concentrates 
between 2 - 10%. Furthermore, once HMC has been separated 
from organic/inorganic media it is able to be reused. 

Two-phase remediation and prevention 
HMC has been designed to work in a two-phase chemical 
process. 

Phase one
HMC is deployed either downhole or directly into flowlines/
pipelines. During this phase, the pseudo solvent absorbs into 
paraffin/asphaltene layers and ‘lifts’ them from the internal 
surface of the pipe. The layers of paraffin/asphaltenes are 
broken down into smaller particles and laminated, which 
prevents re-deposition and blockages further downstream. 

Phase two
The micro emulsion formulation binds to the internal 
pipe walls and creates a microfilm layer which impairs the 
actions of compounds that cause corrosion. In addition, 
the microfilm layer also significantly reduces the volume of 
paraffin/asphaltene deposition, which ensures maximum 
flow.  

Product characteristics

 ) HMC has been designed to initially work in high 
concentrates (no greater than 10%), however, when 
a treatment regimen has been implemented the 
concentrate of HMC can be decreased over time.

 ) HMC can be spiked with potable water, flowback/
produced water and seawater. 

 ) Can be injected downhole or into flowlines by a variety 
of conventional methods, as well as slugged between 
two pigs, deployed via coiled tubing or a high-pressure 
aqua jet. HMC can also be used in ‘soaking’ operations in 
pipelines and production tubing.

 ) Can be heated to temperatures above 175˚F, and has no 
known flash point. 

 ) Is effective in concentrates between 2 - 10%. There is no 
need to use any concentrate above 10%. 

 ) When compared to conventional products, OPEX 
costings are significantly reduced, with most clients 
saving up to 60% cost per treatment cycle, based on a 
10% concentrate. 

 ) HMC can be used multiple times once separated from 
crude oil and organic/inorganic particles. 

 ) Does not separate from water under extreme agitation. 

 ) Produces a ‘clean’ break from hydrocarbons, unlike some 
conventional chemical products. 

Figure 1. Left: Pipe section from flow loop with 15 mm of 
paraffin wax coating. Right: After 10 min. of circulating a 2% 
concentrate of HMC spiked with potable water. 

Figure 2. Various flow streams and flow reduction/
improvement with and without HMC internal surface coating.
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 ) HMC can be sprayed on stock pipes (internal and 
external) to prevent environmental corrosion, in 
concentrates as low as 4%. 

 ) HMC will not have any negative effects on commonly 
used materials within upstream, midstream and 
downstream production process. 

Case study: onshore application

Background
An operator in the Eagle Ford (US) area who manages a total 
of 14 producing wells within the same region, found all wells 
to be prone to excessive paraffin wax deposition downhole 
and within the flowlines, with wax plugging also an issue. 
In an attempt to combat the excessive paraffin deposition 
and consistent wax plugging, the operator had a treatment 
regimen in place which consisted of:  

 ) Daily: injection of a paraffin inhibitor at a rate of 
180 ppm. 

 ) Bi-weekly: hot oiling treatment – heated to 175˚F (79˚C), 
typically 3 or 4 batches would be required to increase 
production by 60%.

 ) Monthly: batch chemical treatments of a xylene-based 
product at 20% concentrate spiked with 80% water. 
Typically, production would increase 100% for the first 
1 - 3 days, then significantly reduce until hot oiling 
treatment. 

 ) Wax plugging: treated by means of coiled tubing, with a 
xylene-based product as and when required. 

Due to the cost of the paraffin remediation regimen, 
the operator was considering plugging and abandoning the 
wells, because the cost of treatment was increasing the OPEX 
above the client’s accepted OPEX limit.

Treatment plan
For the initial field test of HMC with the operator, it was 
decided that the product would only be used in six of the 14 
wells. The six wells selected were those which were the most 
problematic for the operator and which also experienced the 
highest volume of paraffin wax related blockages. To start, 
all other treatments were discontinued within the six wells, 
and a 10% HMC concentrate spiked with recycled water was 
injected downhole and into the flowlines at a temperature 
of 175˚F (79˚C). From the initial treatment, 110% more paraffin 
was removed from the flowlines than the operator normally 
achieved with their previous treatment regimen. Friction on 
the sucker rods was also significantly reduced by 99%. 

By the end of the third month, the six wells were being 
treated on a monthly basis with a 10% HMC concentrate. 
Production had also increased by 90% in three of the six wells, 
with the other three experiencing 98% increased production – 
when compared to the old treatment programme. By the end 
of month six, the level of concentrate had been reduced from 
10% to 5%. In month seven, the corrosion inhibitors used by 
the operator were discontinued. 

Results
Within eight months of the operator conducting field 
tests of HMC, they discontinued their previous treatment 
methods and began using HMC in all of their wells within 
the Eagle Ford area. Wax blockages were reduced by 100% 
and paraffin deposition was reduced by 97%. Within five 
months of using HMC in the other wells within the Eagle 
Ford, they had reduced the concentrates of HMC to 5%. 
Every three months they will use a 10% concentrate to 
‘flush’ the flowline. The operator’s OPEX per well was 
reduced by 48% respectively. 

Case study: offshore application

Background
An offshore operator within the Gulf of Mexico was having 
consistent issues with reduced flow and plugging due to 
paraffin wax build-up. The pipeline was 6.065 in. ID, 15 980 ft 
with a working pressure of 1440 psi and a depth of 140 ft 
below the sea. The operator had been utilising the services 
of a specialist pipeline remediation company, who were 
able to remove a large amount of paraffin deposition and 
dislodge the blockage. 

However, the wax plug would only be dislodged for a 
short while, before it stopped the flow again. In addition, 
due to the xylene-based product the service company was 
using, a small percentage of the paraffin wax would also 
be dissolved and re-deposited on various sections of the 
pipeline, creating further issues. An issue with the previous 
chemical was also caused due to seawater that was used as 
a spiking agent. The high salinity levels would reduce the 
performance of the petrochemical product. 

Treatment plan
The specialist pipeline remediation company approached 
BMA Biotech to utilise HMC within their high-pressure aqua 
jetting system. After examining data supplied by the service 
company to BMA Biotech, and following bench top testing 
on a paraffin wax sample, it was determined that a 10% 
concentrate would be adequate to remove the blockage and 
laminate the paraffin wax to prevent further re-deposition.

Results
The remediation company conducted four ‘pass throughs’ 
of the pipe with their high-pressure aqua jetting on a 
recirculation loop. At the end of the fourth pass through, 
the blockage had been completely removed and so had the 
paraffin wax deposits. The service company now uses HMC 
for all of their pipeline remediation projects in the Gulf of 
Mexico. 

Summary
HMC has proven to be effective in both onshore and 
offshore applications. Since using HMC, BMA Biotech’s 
customers have: reduced their operational downtime; 
eradicated health and safety risks typically associated with 
using chemical products; cut their operational expenses; and 
have zero blockages. 
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Improving 
accuracy 
Improving Improving 
accuracy accuracy 

Marc Laing, TUV SUD NEL, UK, discusses how computational fluid 
dynamics can help improve metering accuracy. 

The modern oilfield is moving towards becoming a 
digital asset. Technologies such as digital twin models 
and computer simulation are being used increasingly 
to predict process performance to ensure efficient 

and safe operation of assets. As a result of such digitisation, in 
recent years there has been a great deal of development work 
focusing on diagnostics in flowmeters. These diagnostics allow 
operators to understand how their meters are performing and 
whether drift, or other metering-related issues, are occurring.

Diagnostics are clearly very useful; however, they only 
tell you information about your flowmeter once it has been 
installed and is operating. If the meter has been positioned in 
a poor location then it will have inherent problems, and no 
amount of diagnostic information will be able to correct this.

Generally, when choosing the location of a flowmeter, the 
number of straight pipe lengths upstream and downstream is 
the principle concern. In most cases a meter will perform well 
if there are 20 diameters of straight pipe upstream and at least 
five diameters of straight pipe downstream. However, many 
other factors, such as gas breakout, can have a significant effect 
on a flowmeter’s performance.

As the custodian of the UK’s primary reference standard 
for flow measurement, TUV SUD NEL is often asked to 
assist operators who have a meter installed in an apparently 
acceptable location but the meter is not performing as 
expected.

Computational fluid dynamics
A good example of computational fluid dynamics (CFD) is a 
Coriolis meter. When a meter is installed at the start of the life 
of a well the flowrate will tend to be high, therefore the meter is 
sized accordingly. When sizing, the choice of meter will be based 
on the minimum operating and maximum flowrate predictions 
based on the reservoir modelling that has been undertaken. 

Clearly, these are only predictions and the actual flowrates may 
vary, along with other factors such as water content.

As the well ages the flowrates decline, and, as such, it 
becomes the case that the meter chosen at the start of the well 
production profile then becomes oversized. This is particularly 
an issue if water is present in the flowing media. This means that 
water can become trapped in the Coriolis meter and accumulates 
over time – as the production rate declines, the velocity in the 
tubes of the Coriolis meter drops significantly, resulting in a flow 
with little energy to carry the water out of the tubes.

An example of this is shown in Figure 1. The velocity of the 
water in the rear tube is essentially zero, which results in the 
water running back down the tube and remaining trapped.

Trapped water in the tubes of a Coriolis meter can cause 
two fairly significant metering issues. The measured density 
(the Coriolis meter is also a mass meter) becomes inaccurate, as 
the composition of the fluid in the tubes is not representative 
of the bulk flow. The predicted flowrate can also be adversely 
affected due to the behaviour of the fluid in the tubes as water 
builds up over time.

CFD is a powerful technique which can be used to simulate 
complex problems which would otherwise be extremely 
expensive to physically test. It is used to identify the behaviour 
of fluid flows, as well as comparing different sizes of meters 
that would achieve a sufficient tube velocity to ensure that the 
water does not remain trapped in the tubes – thus improving 
the flowrate and density measurement. 

Coriolis meters are single phase flowmeters and, as such, 
their performance is severely compromised if, for example, 
there is gas breakout in a liquid stream. Gas breakout occurs 
when the local pressure in the system drops below the vapour 
pressure for a given component.

Whilst small amounts of gas breakout can be 
tolerated (<1% by volume), significant amounts can cause 
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serious metering challenges. CFD can be used to predict this as 
flow through partially-open valves and other flow restrictions 
can be modelled. This allows prediction of the local pressures 
within metering systems, and therefore the onset of cavitation 
can also be predicted by comparing the predicted local pressure 
to the vapour pressure of the fluid.

If cavitation is predicted it can be modelled using a 
cavitation model in CFD. This will predict how much gas will 
break out of the solution and where it will be located within 
the flowline. The model can also predict if the gas will return to 
the liquid phase further downstream or remain in the gaseous 
state.

Ultrasonic flowmeters
Ultrasonic flowmeters operate on the time-of-flight principle. A 
pulse of ultrasound is sent from a transmitter to a receiver and 
the time-of-flight is measured accurately. This is then repeated 
in the opposite direction and the average of the difference of 
the two times is taken. The meter operates on the basis that the 
difference of the time-of-flight is proportional to the flowrate 
in the pipe. Ultrasonic flowmeters are therefore extremely 
sensitive to installation effects as these affect the transit time 
of the ultrasound.

Often ultrasonic flowmeters are installed in ideal conditions, 
but over time, other modifications to pipework (both 
upstream and downstream) can have an effect on the meters’ 
performance.

CFD is again a very useful tool to understand why an 
ultrasonic flowmeter is not performing as expected. It can 
also be used to quantify the measurement error and provide 
correction factors, in order to allow the meter to work 
effectively. This is very powerful, as it cuts operational costs 
significantly because operation can continue whilst the analysis 
is being undertaken. The meter does not need to be moved, 
which is a huge operational benefit as it prevents a further 

shutdown. This also removes the need to re-design parts of a 
metering skid to site the meter in a new location.

Ultrasonic flowmeters are also used to meter flare gas. Flare 
gas metrology requires a meter which can achieve a turndown 
ratio of close to 10 000 : 1. The turndown ratio of a flowmeter 
is the ratio of maximum to minimum flowrate that the meter 
can accommodate. Flare gas meters require such a turndown 
ratio because the flowrate varies significantly over different 
modes of operation. Blow-down conditions can contribute up 
to 80% of annual flare gas emissions, however they may only 
last for minutes. Blow-down conditions are when a significantly 
higher flowrate of gas is suddenly sent to the flare. This can be 
for many reasons, for example, safety. This transition from very 
low amounts of gas flowing through the flare to a sudden five 
or six order of magnitude jump in flowrate, means that only an 
ultrasonic meter can be used.

As flare gas is essentially a waste product, only a single-path 
ultrasonic meter is used, as it is the cheapest form of ultrasonic 
meter available. In flare gas lines it is essential that nothing 
obstructs the flow during evacuation of the hydrocarbons; this 
therefore rules out all intrusive meters. The challenge with a 
single-path ultrasonic flowmeter is that they are extremely 
sensitive to installation effects, and errors can be significant – 
often up to 40%.

It is important to measure the flowrate of flare gas for 
several reasons. Each platform has a flare consent, which means 
they are permitted only to flare an agreed amount of gas. If 
these agreed limits are breached, then significant fines can be 
applied.

This means that operators need to control their flare very 
tightly to ensure that breaches of flare consent do not occur. 
This can only be undertaken efficiently with an accurate 
flowmeter. A typical example of this is a flare gas meter which is 
over-reading by 20% due to installation effects. This effectively 
means that the rate of hydrocarbon production is limited, as 
the operator thinks they are flaring the maximum permitted 
amount. However, in reality this is 20% less than the reading 
from their meter, and means that their revenue is being affected 
by producing at a lower rate. 

This can obviously work the other way if a meter is under-
reading. If the flare meter under-reads, then operators can 
be exposed financially due to breaching their flare consent 
unknowingly. This can cause reputational damage as well as 
punitive financial penalties being applied.

Summary
The information outlined in this article demonstrates clearly 
why accurate metering is necessary. It is evident that CFD 
is a very powerful tool that can be used to support the 
development of metering philosophies with lower uncertainties. 
CFD also provides a greater understanding of the underlying 
fluid mechanics which occur in pipelines. This additional 
information can be used to inform better decision-making at 
the initial FEED stage of a project. Often taking the time and 
effort to utilise such techniques in advance of any fabrication 
or installation can pay for itself many times over by preventing 
unplanned shutdowns and costly root cause diagnosis when a 
meter is suspected of underperforming. 

Figure 1. Velocity contours for two phase flow in a Coriolis 
flowmeter.
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PIPELINE MACHINERY
review

World Pipelines’ quarterly 
pipeline machinery focus.

A new version of the ZT 90-160 
air-cooled oil-free screw air 
compressor, including re-designed 
compressor elements that have 

been adapted to work even more energy 
efficiently, has been introduced by Atlas Copco. 
Available with fixed or variable speed drive 
and with or without an integrated dryer, the 
ZT 90-160 also features an advanced touchscreen 
monitoring system that enables end users to 
evaluate, adjust and optimise the pressure and 
performance of the compressor in real-time.

All components in the ZT 90-160’s compressor 
element, such as the rotor profiles, inlet and rotor 
coating, have been re-designed for maximum 
efficiency and durability. For instance, the design 
and sealing of the venting chamber ensures 
physical separation between the oil and air circuits, eliminating 
any possibility of oil entering the compressed air chamber and 
thus guaranteeing Class 0 oil-free air.

“Thanks to innovative yet proven technologies, the ZT 
90-160 efficiently provides oil-free compressed air in a variety 
of industries,” says Mark Ranger, Business Line Manager for Oil-
Free Air at Atlas Copco Compressors. “The unit is housed in a 

The touchscreen monitoring system allows end users insight into, and interaction 

with, the compressor in real-time.

Atlas Copco, 
Sweden
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completely plug-and-play, soundproof package, and is designed 
for low maintenance time and costs.”

At the core of the compressor, an IP 55 TEFC high-efficiency 
motor protects against dust and humidity and guarantees 
continuous operation under severe ambient temperature 
conditions. It is supported by an efficient intake air filtration 
unit, containing a two-stage dust removal system, that minimises 
intake losses and provides a low pressure drop. The compressor 
is also equipped with high-efficiency coolers with water 
separator that have a compact design and ensure a low air 
approach temperature and low pressure drop. No external air 
supply is required thanks to the load/unload regulation process.

The ZT 90-160 compressor contains an integrated NEOS 
drive that communicates directly with the new, user-friendly, 
touchscreen Elektronikon® Mk5 Touch Controller. Mk5 Touch 
displays warning indications, maintenance scheduling and 
provides online visualisation of the machine’s condition. The 
data monitoring program SMARTLINK is integrated as standard. 
This remote monitoring system optimises the compressed air 
system and reduces energy and cost.

The ZT 90-160 compressor works together with Atlas 
Copco’s new Optimizer 4.0 central controller. It enables a 
compressed air system to be optimised through selection of the 
most efficient combination of machines, such as compressors, 
dryers, filters, controllers, energy recovery systems, generators, air 
receivers, coolers and boosters. Through a highly intuitive user 
interface, the end user can view the performance and energy 
consumption of each machine as well as of the whole system. 

Moreover, Optimizer 4.0 is fully Industry 4.0 compatible, 
enabling the Internet of Things and the digital integration of 
the compressed air system with other intelligent networked 
devices to improve equipment performance, enhance predictive 
maintenance and further increase energy efficiency.

The ZT 90-160 can be included in a Total Responsibility Plan, 
in which Atlas Copco takes care of all compressor maintenance, 
upgrades, repairs and possible breakdowns. 
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