
 

 

PFT - Non-Intrusive Oil Filled Cable Leak Location 
Use of Perfluorocarbon Tracers (PFT) in Self Contained Fluid Filled Cable Oil Leak Location. 

Authors 
Mike Fairhurst - National Grid Warwick England – mike.fairhurst@uk.ngrid.com 
Patrick Keelan – PFT Technology LLC, New York, USA – patrick@pfttech.com 

 
 
ABSTRACT 
Oil leak location from buried cables is a critical step in 
addressing oil loss to the environment. A number of 
technologies have been applied to the problem with, to 
date, limited success. Recently developments have 
centred upon the use of tracers injected into the cable oil 
medium which when released into the soil will release a 
specific tracer gas that can be readily detected from 
above ground and does not require circuit outages. 
Outages are only required do effect repairs thereby 
reducing the overall outage time to locate and repair by 
approximately two thirds, thus improving system reliability 
and efficiency. 
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INTRODUCTION 
Self contained fluid filled cable technology is a mature, 
robust and reliable HV cable system that has been 
deployed in most major cities and towns around the world 
for many years. In recent times the deployment and 
installation of oil filled cable has declined, with the majority 
of new installations now using XLPE solid insulated 
cables.  However due the high capital replacement cost, 
and with limited access to roads and streets in our major 
towns, it is anticipated that fluid filled technology will 
continue to be in service for many years to come. 

Problems do occur on buried cables from ground 
movement, deterioration, and third party strikes which 
results in the leakage and loss of the insulating fluid. This 
leakage is often difficult to locate and repair when circuits 
need to be removed from service. In addition the 
associated difficulties and inconveniencies that 
accompany major road works and excavations in busy 
roads and cities results in long outage periods. Leaks can 
range from a few litres per day to many litres an hour, 
having an effect on the local environment, causing 
breeches to National and Local environmental legislation 
and exposing utilities to financial penalties and possible 
loss of reputation.   

PFT Leak location technology offers a benign and 
environmentally acceptable method of pinpointing leaks, 
even very small leaks that cannot be detected using 
traditional ‘freezing’ techniques. The leak location is 
carried out by tagging the cable fluid with a liquid tracer, 
personnel can then detect leaks using above ground test 
equipment with the cable still in service, thus reducing 
outage time, cost of excavation and speeding up the 
repair process. Leaks can be detected to within 1m 
depending on ground conditions and the local 
environment.  

HISTORY 
PFT stands for PerFluoroCarbon Tracer.  It is a Non-CFC 
Freon liquid that is used for a multitude of applications in 
the medical and environmental fields.  It is also referred to 
PFC’s in some industries.  A technique was developed by 
the Energy Products Research Institute (EPRI) to apply 
PFT for use as a liquid tracer in High Pressure Fluid Filled 
cable systems(1). The original project was carried out in 
partnership with Consolidated Edison(2) of New York 
(Coned) and Brookhaven National Lab (BNL)(3) in the mid 
1990’s. The focus being leak location on High Pressure 
Fluid Filled cable systems, as the fluid in the cables can 
circulate at up to 300 gallons per minute, thus any leaks 
result in large volumes of oil being lost.  

Various tests where carried out to determine the level of 
PFT required to be injected in to the cable that could be 
accurately detected above ground. The results 
demonstrated that a presence of PFT’s within the cable 
fluid at less that 10ppm could be detected at ground level 
when a leak occurred. This very low level was safe to the 
cable, joints and seals of the cable system and has no 
foreseen long term potential problems.  This differs from 
other tracers experiments tried in the past using SF6, 
helium or Hydrogen where tracer concentration must be 
near 100% and injected in gaseous form.  At these 
extremely low levels there is no affects on the 
characteristics of the dielectric fluid.  There is also no 
environmental or emission issues using PFC’s in this 
application.  As a result of having such a low level of 
tracer, instrumentation must have an extremely low 
detection level.  Instrument must be able to see individual 
PFC’s at the part per quadrillion range (ppq) or equivalent 
to 1 second in 37 million years.   

The out come of the project was so successful that Coned 
has pre-tagged all 1000km of their cable system, over 27 
million litres. In addition they invested in a number of 
vehicles mounted test instruments to provide a 24-hour 
response, when leaks on the system developed and has 
been their primary method of leak location since 1997.  
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NATIONAL GRID EXPERIENCE  
National Grid is committed to the protection and 
enhancement of the environment, always seeking new 
ways to minimise the environmental impact of our past, 
present and future activities. It is National Grid’s belief that 
everyone is responsible for good environmental 
performance. 
 In particular: 

The board has overall responsibility for protecting the 
environment by setting objectives for our operations 
and ensuring that environmental matters are integral 
to the way in which we manage our business. 
 
Management provides visible leadership that 
promotes good environmental performance and 
commits the appropriate resources to achieve our 
environmental goals 
 
We are all responsible for ensuring that our actions 
and behaviours protect the environment. 
 
We aim to create a culture where people ‘think 
environment’ when carrying out their daily work 
activities and have a respect for the environment that 
they can take beyond National Grid. 
 

National Grid is committed to:- 
Reducing the effect our activities have on the 
environment by considering the whole life 
environmental costs and benefits in our business 
decisions. 
 
Looking for ways to use resources more efficiently 
through good design, use of sustainable materials, 
responsibly refurbishing existing assets, and reducing 
and recycling waste. 
 
Respecting the environmental status and biodiversity 
of the places we work, aiming to enhance areas for 
the benefit of local communities or the natural 
environment. 
 
Continual improvement to our management systems 
to prevent pollution, reduce the risk of environmental 
incidents and comply with environmental laws, 
policies, charters and other commitments to which we 
subscribe. 
 
Ensuring that our employees have the training, skills, 
knowledge and resources necessary to meet our 
environmental commitments. 
 
Openly sharing our performance with employees, 
members of the public and others and give them a 
meaningful opportunity to comment on our 
performance. 
 
Requiring those working on behalf of National Grid to 
demonstrate at least the same level of commitment to 
stewardship of the environment and will create an 
environment where best practice can be shared. 

 
National Grids policy of reducing the impact of cable oil 
leaks in to the environment and subsequent cable repair 
with the disruption they cause, are of central and critical 
importance. The Implementation of a proactive, non 

intrusive leak location system to minimize fluid loss and 
reduce circuit outages is vital in ensuring high system 
reliability for all underground fluid filled cables. 

Oil leak location is, however, technically challenging, time 
consuming and for most methods can only be carried out 
under outage conditions. During the period of the leak, a 
cable will remain under pressure and continue to leak oil, 
whether it is in or out of service. In fact it is quite common 
for leaks to seal up when the cable is taken out of service 
and the cable cools down making location impossible. 

The traditional ‘Freeze and Dig’ technique is proving 
obsolete in a modern utility system.  Limited application, 
tighter outage schedules, intolerance to road closures, 
damage and repair to the sheath and a limited success 
rate is costly in terms of time, money and public 
disturbances.    

NAT GRID R & D PROJECT 
The use of cable fluid tracers, particularly PFT, offers an 
alternative route to cable oil leak location. As previously 
stated the technique was developed for use on high 
pressure, high volume pipe type cables as an EPRI lead 
project back in 1995. 

The tracer (PFT) is dissolved in cable oil and injected into 
a cable circuit. Under normal operating conditions, the 
tracer remains in solution with dielectric properties well 
matched to cable oil. On escaping from the cable through 
a leak, accompanied by a local change in pressure, the 
PFT tracer becomes a gas and escapes to ground level. 
As it reaches ground level the minute plume of PFT 
vapour can be detected using specialized detectors and 
the oil leak accurately located, with the cable in service 
and without the need for major excavation and the 
subsequent disruption to road traffic. An oil leak can be 
located to within 1m in less than 24 hours with no 
requirement for outage, using vehicle-mounted systems.  

 
PFT Vapour Plume 

 

 

 

 

 

 

 

Plume located and Leak Detected at highest point of PFT 



 

 

Concentration 

National Grid in association with PFT Technology LLC 
(PFTtech) embarked on further development in 2005 and 
refined the process to enable the technique to be 
deployed on self contained oil filled cables, with a very 
high success rate and it is now the main tool used for the 
detection of all cable oil leaks on the network and is a 
major contributor to the success in reducing oil loss into 
the environment. 

The research and development project was based on a 
two-phase project to develop the tracer technology for use 
on SCOFF cables with the hope of emulating the success 
ConEdison achieved on the High-pressure pipe type 
cables in New York. 

 

 

Phase 1 PFT in Closed circuit cable systems 
The first phase of project focused on 132kV cables as the 
starting point, using a problematic cable in London that 
was planned to be de-commissioned as it had reached 
the end of its useful life. 

Applying PFT’s in a closed circuit system (SCOFF) proved 
to be much more challenging.  There can be no dissolved 
gasses in the system.  Since cable is at only 0.5 -4 bar if 
the concentration is too high they may precipitate out of 
the cable fluid.  HPFF feeders operate at pressures of up 
to 250 + PSI.  All gasses will remain dissolved at that 
pressure so no degassing precautions are taken.  The oil 
it a LPFF does not circulate.  It is pressured and static.  
Since it is not circulated and there is much less oil in the 
system the calculations used for HPFF are not applicable. 

Very specific injection apparatus had to be developed to 
insure proper introduction of PFT without compromising 
the integrity of the cable.  There are two methods to inject 
a cable, flushing and topping off.  Flushing the cable 
entails calculating the core duct volume of the cable and 
flushing the cable with the approved and proven 
concentration of tracer fluid.  Topping off a cable is the 
process where a higher concentration of PFT tracer is 
injected into the reservoir tanks and the leak rate carries 
the tagged fluid to the leak site.  The flushing method is 
the safest and most affective method.  Topping off is used 
in very limited circumstances and is much more time 
consuming.  

Once a cable is tagged any current or future leaks can be 
accurately located with field instrumentation that can 
sample ambient air for a rise in the background PFC 
levels.  Taking soil gas samples to further pinpoint the 
leak location to a few meters then follows up an elevated 
ambient signal.  Multiple tracers are used to eliminate 
older leaks on the same cable or parallel runs of cables. 

  

Phase 2 Deveopment on EHV Transmission 
Cables 
The second phase of the project was to step up a voltage 
level (275kV) and use a problematic cable with longer 
hydraulic sections and an overall route length of 10km 
across 7 hydraulic sections that run over open country.,  
down major roads and city streets. The cross country 
cable could only be accessed on foot and lead to the 

development of a hand held air sampling device and 
sampling procedure that enable samples to be returned to 
the main vehicle for analysis on the same day. 

The project delivered far more than anticipated locating 7 
leaks with the accuracy coming down to 1m over a 
hydraulic section length of 2.5km, ‘bar holing’ through the 
road surface enabled air samples to be taken from below 
tarmac road, allowing accurate location, this has the 
added benefit of being able to identify leaks on buried oil 
pipe work and buried tanks, resulting in only a partial 
excavation of the joint bay.  In the attached picture the 
leak was specifically pinpointed to the buried tanks saving 
expense and outage length of excavating the entire joint 
bay. 

 

 
 

On the back this success we embarked on a project to 
‘Tag’ our top twenty cables with the worst historic oil loss,  
with the long term intension to Tag all National Grid’s 
major transmission circuits over a three year period. 

The graph below (Red) indicates how this deployment 
combined with improved cable management techniques 
and the decommissioning of some problematic cables has 
affected National Grid’s gross oil loss from the cable 
network. 

 

 
 

From the graph, in can been that the gross oil loss in red, 
has reduced significantly oil loss over the last three years, 
by over 50%. This is due to the fact that a small number of 
problematic cables where made redundant and 
decommissioned this contributed to a 20% reduction, the 
remaining 30% being down to the deployment and 

De-
Commissioning 

7500 litres - 20% 

Application of PFT  

(and improved cable 
management) 

20000 litres 



 

 

operational benefits of PFT, outage time to effect repairs 
reduced by two thirds. 

 

 

Benefits of PFT   

Innovative 

A move away from the traditional methods of working, 
which have changed little over the decades and what was 
once considered a safe and acceptable method of 
working, changes to Health & Safety legislation would 
now consider the some practices as potentially 
dangerous.  

PFT utilizes cutting edge technology using the most 
sensitive instruments constructed. Improved good will with 
government regulators and Environment Agencies 

Cost Effectiveness 

Reduction in costs associated with leak location, for 
example single freeze costs around £25k. with  a  
minimum of 2 freezes per location, typically 4. PFT 
location reduces the requirement to carry out freezes, thus 
the potential cost saving for a typical leak location are 
reduced by £100k 
 

Safety - No freeze pits or liquid Nitrogen 

Minimal excavations vastly reduced effect on members of 
the public, road users and also reducing the exposure and 
damage to other buried services. Road closures and 
temporary road works can be planned and agreed with 
the local authority, thus benefiting all concerned.  

Reduced outages times  

Outage time have been significantly reduced by two thirds 
from an average of three weeks down to one (two weeks 
to locate 1 week to repair) 

Further developments 

Following on from the successes of the first and second 
phase projects, a third project was proposed to develop 
the tagging process to enable tagged fluid to be injected 
into the cable with the circuit in service thus negating the 
need to take the cable out of service while the tagged fluid 
is deployed, this project is still ongoing and is due to 
complete later in the year. 

 

Conclusions  

The success of the original project produced; reduced 
fluid loss to the environment, reduction in outage times 
and schedule interruptions and cost savings the program 
As a result we expanded its original parameters so that all 
leaking sections were targeted for injection.  A decision 
was also made to preventatively tag all available sections 
that had no current leaks.  As a result over 400 km of 
cables from 132kV to 400kv are now injected with the 
proper levels of PFT tracer totaling over 500,000 liters of 
dielectric fluid.   

All leaks that were being maintained at the start of the 
project have been located and repaired.  All newly 
occurring leaks are located on ‘routine’ leak searches.  No 

outages are required for injection since almost the entire 
system has been preventatively tagged.  Once new leaks 
are pinpointed, outages with specific time frames are 
scheduled for the repairs and re-tagged prior to 
energization if required.  As a direct result National Grid 
does not have any active leaks that have not been located 
and scheduled for repair. 

Using PFT technology on an occasional base will prove 
productive and help locate difficult leaks but to meet the 
goals and high standards National Grid imposes on itself, 
an aggressive systemic approach was required. 

Taking a systemic proactive approach to leak 
management has provided long-term benefits across the 
National Grid transmission system.  Reduced outage 
times, reduction in public disturbance, overall cost 
reduction and most of all a reduction of fluid loss to the 
environment.   
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