
Inline isolation keeps product in 
the pipe during complex valve 
replacement at major offshore gas 
fields, says Rolf Gunnar Lie, Regional 
Business Development Manager,  
T.D. Williamson, Asia Pacific. 

Natural gas operators often face a 
trade-off of sorts while ensuring 
pipeline integrity. They have 
to create a safe work zone for 

maintenance or repair, but that can mean 
depressurising the pipeline and removing its 
contents – a process that comes with steep 
costs, both economic and environmental. 

Pipeline depressurisation requires flaring 
huge volumes of gas. When bleeding down 
a gas export pipeline, for example, it is not 
unusual for several hundred million ft3 of gas 
to be flared off. Not only does that represent 
significant inventory loss, in a world where 
CO2 equivalents emissions are being targeted 
and oil and gas companies are trying to meet 
environmental, societal and governance (ESG) 
standards, voluntary flaring is becoming less 
and less acceptable – even outlawed in some 
areas.

At the same time, bleeding down the 
system is an often-lengthy process that can 
equate to costly lost production, sometimes 
running in the millions of US dollars. It’s not 
unusual for it to take days to depressurise and 
purge a section of the pipeline with N2 before 
carrying out the repair and then to refill it 
before normal production can resume.

Fortunately, there are safe and efficient 
alternatives to depressurisation. Operators can 
use either hot tapping and plugging (HT&P) or 



inline isolation to eliminate flaring and product loss, minimise 
downtime and avoid, or at least reduce, service interruptions – 
resulting in substantial savings.   

Those issues were top of mind when a pipeline operator 
in Malaysia needed to simultaneously isolate three critical 
gas export pipelines before replacing five leaking valves 
whose passing rates exceeded allowable limits. The pipelines 
are part of Malaysia’s largest offshore integrated oil and gas 
facility, which acts as a gas hub supplying approximately 
600 million ft3/d. Choosing trusted isolation technology that 
could tackle this complex project and satisfy the operator’s 
business objectives and timetable was a priority. 

“Because the gas export lines transport the entire gas field’s 
production, the operator needed to both limit how long they 
were offline and keep product contained,” T.D. Williamson 
(TDW) Global Field Services Manager Thomas Idland said. The 
SmartPlug® isolation system helped accomplish those goals. 

The isolation also represented an important milestone 
in the region. Although high-pressure isolation technology 
had been deployed on main gas export pipelines in Malaysia 
several times before, this was the first time three isolations 
were executed at the same time on the same platform during a 
single shutdown campaign.

In fact, Idland said, isolating the pipeline using SmartPlug 
technology was one of the project’s major drivers.

“The SmartPlug system offered a quick and reliable 
alternative to otherwise unsafe and time-consuming options,” 
Idland added. “Without SmartPlug technology, operation with 
defective pipeline isolation valves and corroded components 
would have continued. 

The best isolation for the demands of the job
There are two primary methods of isolating gas and liquids 
pipelines: intrusive isolation – also known as HT&P – and 
non-intrusive inline isolation, also known as SmartPlug.

HT&P involves welding of a fittings and cutting into a live 
pipeline and inserting a plug or STOPPLE® device downstream 
of the work zone to isolate it from pressurised product. 

By contrast, non-intrusive inline isolations are made by a 
piggable tool such as SmartPlug. Existing pig traps and quick 
opening closures (QOC) are used as the point of entry into the 
pipeline and point of exit. The SmartPlug tool is pigged under 
pressure to the set location and can be pigged back to the 
platform after the isolation has been completed.

In this case, two of the three pipelines to be isolated – 
one of them 24 in. and the other 32 in. – were connected to 
separate platforms while the third line, also 32 in., went to the 
onshore gas receiving terminal. However, all three of them 
shared a common header at a topside, meaning they had to be 
isolated simultaneously. During these works the pipelines and 
the platform are in shutdown mode meaning that production 
is temporarily stopped but the pipelines remain pressurised 
except from sections where repairs take place.  

Because these isolations would be performed at the 
platform risers close to seawater level, inline isolation was 
preferred over HT&P, as the location would make hot tapping 
very challenging. 

Project requirements determine whether the SmartPlug 
tool will be propelled to the isolation point using pipeline 
product or a set of pumps or compressors and another 
medium, such as threated water or N2. Because the tool is 
bi-directional, it can be pigged to the receiving end or back 
to the launcher after the maintenance or repair operation is 
complete.

Because the two pipelines coming from the offshore 
platforms were in shutdown mode – meaning there was no 
flow in the line, but it remained pressurised except in the 
section between the pig trap and isolation point – the three 
SmartPlug tools were launched from each of the pig traps. 
They were pigged with treated seawater from external pumps 
a total distance of approximately 30 m (98 ft) then set in a 
vertical topside section in the riser just below the shutdown 
valve. The tools were tracked along the pigging route by the 
SmartTrack™ system using extra low frequency (ELF) signals. 

A true double block isolation
Field-proven in more than 330 offshore and onshore 
projects, SmartPlug meets the accepted criteria for a true 
double block and monitor (DBM) isolation as defined by 
DNV-RP-F113.1  

Broadly speaking, a barrier is deemed to be ‘double’ 
when each plugging module can retain the full line 
pressure individually, is tested and its integrity is 
monitored. 

In the typical SmartPlug configuration, two plug modules 
work independently, each to isolate the full pipeline pressure 
alone, meaning the tool has 100% contingency. SmartPlug 
technology is supported by the formal failure mode, effect, 
and critical analysis (FMECA) study; this means redundancies Figure 2. Dual module SmartPlug® isolation system. 

Figure 1. The three pipelines that were isolated.
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in the tool reduce the likelihood of potential plug failures during 
an isolation to an acceptable level of probability as defined by 
DNV-OS-F101.2 

Activated remotely, the SmartPlug tool uses internal 
hydraulics to engage the gripping elements (slips) and the 
sealing element (packer) on the pipe wall. Once the gripping and 
sealing elements are fully in place and engaged, the downstream 
pressure is reduced to create differential pressure across the 
plugging module. This is repeated for each plug module in 
sequence. The SmartPlug system is designed to be self-locked 
in the set position so that it is fail-safe as long as there is delta 
pressure across the plugging tool.

After setting each isolation tool against the 75 - 90 bar 
(1087 - 1305 psi) gas pressure in each pipeline, technicians 
monitored the annulus pressure between the two plug modules 
for four hours to verify that both plug modules were sealing 
properly. TDW issued isolation certificates and the valve 
replacement work was underway. 

After the new valves were installed, the launcher and the 
receiving end of the pipeline were pressurised with treated 
seawater as part of the unsetting procedure. However, before 
unsetting the three SmartPlug tools, a pressure test was 
conducted to 82 bar (1189 psi) for one hour to verify that all flange 
joints were leak-proof. The SmartPlug tools were then unset and 
pigged back to the receiver using gas pressure from the pipeline.

Leaving nothing to chance
Safety is always a top priority when doing pipeline isolations. 
Personnel injuries or loss of life or assets are totally 
unacceptable. 

As part of their comprehensive performance and safety 
protocols, the operator conducted in-house technical and 
safety review sessions in parallel with site visits and engineering 
studies conducted by TDW. An in-depth risk study with hazard 
identification (HAZID), hazard and operability analysis (HAZOP) 
methodology and multiple safety workshops helped assure 
the risk management of the project.  

Among other operational aspects, TDW engineers left 
nothing to chance when it came to ensuring the piggability of 

the SmartPlug tool. 
Idland said that engineers performed a piggability study to 

ensure that each SmartPlug tool could be safely pigged to the 
set location and retrieved back to the pig trap. 

 “This is standard practice and a requirement set by the Type 
Approval issued by DNV for the SmartPlug tool,” he explained.  

Engineers also took aim at one of the key concerns about 
inline isolation: the potential for excessive pipeline hoop stress, 
or hoop stress approaching the elastic limit of the pipeline at the 
location of the plug module.

A pipe stress analysis was also performed. It checked the 
hoop and von Mises stresses in the sealing and gripping area 
of the set location on each plug module against permissible 
utilisation, as defined by the DNV-RP-F113.1 Isolations taking 
place on sites usually require compliance with safety class ‘high’ 
specifications as outlined in.1

Spreading the stress over both of the isolation tool’s plug 
modules helps ensure that the hoop stress does not approach 
the elastic limit of the pipe – and further enhances safety 
during the operation. For thin-walled pipelines, for example, 

onshore, if hoop stress levels could reach a critical level, external 
reinforcement clamps can be used to support and strengthen the 
pipeline locally at each plug location. 

A robust alternative
Isolating the pipeline using SmartPlug technology was one of the 
major drivers for this shutdown campaign. The SmartPlug system 
offered a quick and reliable alternative to otherwise unsafe, 
costly and time-consuming options. 

Using SmartPlug technology, the integrity of the gas 
export pipeline was safely restored while the operator avoided 
depressurisation and gained enormous benefits, including in terms 
of sustainability, which is one of their key commitments. 

Not only did the isolation shave a week off the 
project’s turnaround time, but it also kept approximately 
380 - 400 million ft3 of inventory from being flared.  And 
considering that flaring a single m³ of natural gas produces 
approximately 2.75 kg of CO2 equivalents, SmartPlug isolation 
kept the equivalent of 21 000 t of CO2 from being released into 
the atmosphere. That’s roughly equal to the annual emissions 
produced by 4600 passenger cars. 
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Figure 4. Loading the SmartPlug tool (left) and the SmartPlug tool at 
set location (right). 

Figure 3. Dual module double block and monitor (DBM) SmartPlug tool.

REPRINTED FROM APRIL 2022 /  World Pipelines   


