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T h e Need F o r S u b s e a L e a k D e t e c t i o n 

Environmental aspects of subsea pipeline systems are of major concern and are 

increasingly so as regulatory authorities around the world become less tolerant of 

potential releases of polluting material into the marine environment. The 

concerns are of particular relevance to subsea pipeline installations and, in this 

respect, the ability to detect and locate leakages of gas or oil to the surrounding 

waters is of paramount importance. Historically, two main methods of subsea 

leak detection have been used where obvious visual signs of leaks such as 

bubbles, large clouds, etc. are either not present. The main methods generally 

used are in situ fluorometric measurement and acoustic listening. Neptune 

Oceanographics Ltd is a leader in the field of detection of leaks in subsea 

pipelines, risers and control systems and, in collaboration with Aquatec Group 

Ltd., has made significant technical advances in the techniques mentioned 

above. In addition, the company is constantly striving to develop systems that are 

more efficient in terms of cost and detection success rate and simultaneously 

reduce the adverse effect on the environment. Two such developments are 

described here. 

Fluorometry 

Until fairly recently, the most successful method of detecting leaks has been the 

use of fluorescent dyes detected by ‘black light’ (unfiltered ultraviolet [UV] light) 

with visual observation either directly by diver or by underwater camera. The 

major problem with this method is that the dye concentration has to be high (see 

Figure 1) to allow visual observation and general visibility must be good. In most 

cases, location of a leak by ‘black light’ is very difficult, sometimes impossible,  



because the broadband of the light wavelengths emitted is such that the visual 

observer often sees a ‘fog’ of dye plus other fluorescence from marine organisms 

thus masking the actual location of the leak position.  Deploying submersible 

‘tuned’ fluorometers that send data up to the attendant vessel providing a real 

time visual display has largely solved these problems. These submersible 

fluorometers are very sensitive and will detect dye at concentration so low as to 

be invisible to the naked eye or underwater camera. 

Fig 1 – example of control fluid leak with a high concentration of Fluorescein 

  

Where subsea control systems or hydrostatic testing are concerned, fluorescent 

dye is normally added as a component solely for the purpose of leak detection. 

As with all control systems and pipelines, leakages through seals, flanges, 

damage, etc., do occur, therefore a means of detection and location is essential.  

There is a move to phase out Fluorescein, the most commonly used dye, as it no 

longer complies with the latest legislation for discharges at sea.  Other tracer 

dyes such as Castrol’s SPF UV dye and the Roemex 9022 red dye have been 

developed and tested to demonstrate their compliance with the latest legislation 

and are now widely used. These tracer dyes fluoresce in the same manner as 

Fluorescein but at different excitation and emission wavelengths.  



Until recently, spatial coverage was very small because fluorometric sensors had 

to pass into the leak plume to detect the tracer dye thus making detection rather 

hit and miss if great care was not taken to observe position in relation to pipeline 

and tidal flow, etc. However, Neptune Oceanographics has recently introduced 

their ‘Long Ranger’ system that detects tracer dye remotely eliminating this 

problem.   

The ‘Long Ranger’ sensors have two forward facing ‘tuned’ light sources (like two 

torches) each producing separate beams of excitation light.  One beam spreads 

to about 40cm diameter at 3m and the other to about 10cm diameter at 3m but at 

higher intensity.  Fluoresced light generated in the leak fluid is detected by a 

sensor mounted between the two light sources.  The purpose of two excitation 

beams is to make leak detection quick and efficient. The wider angle beam 

detects the presence of dye and a general direction in relation to the ROV and 

the narrow intense beam allows a more detailed inspection to determine the leak 

location.  By mounting the sensor on the ROV manip and because the sensors 

have high spatial coverage, quick and easy scanning for leaks is achieved 

without needing to consider tidal flow direction to ‘capture’ dye.  

Other major advantages of the ‘Long Ranger’ include the detection of leaks in 

risers while working at safe distances and detecting leaks within confined 

structures where ROV access is not possible or too hazardous.  

Fig 2 – Long Ranger in operation 
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Two blue excitation light 
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Fluoresced light produced by 

the dye shows as a green 

cloud at the leak location. 

Tracer dye is Fluorescein 

 

Leak detection system output 

is graphically displayed on the 

onboard PC.  



Fig 3 – typical screen display 

 

The on-board PC displays data a colour time series plot in real time allowing the 
operator to easily see changes in signal that indicate the presence of a leak.  The 
software also allows the user to set alarm levels.  

Hydrophones 

The other method used in the past, and to some extent now, is the use of 

hydrophones. These are effectively underwater microphones that ‘listen’ for 

ultrasound generated by leaking fluids under pressure. The acoustic signals 

generated by a leak tend to be at frequencies well above the audible range, i.e. 

above 20kHz, thus requiring sophisticated sensors and software to reliably 

determine the difference between leak generated and ambient ‘noise’. The major 

problems with this method are the sounds caused by the attendant (ROV) and 

other vessels in the vicinity. Thrusters and manipulators are constantly moving 

during subsea operations causing highly variable acoustic signals to be 

generated over a wide spectrum. These signals are additional to any leak 

generated sound. It is has been difficult, therefore, to differentiate an acoustic 

leak signal from these other sources and, for this reason, it has not been 

frequently used. However, modern data handling and spectral analysis 



techniques have improved the method sufficiently such that in the right conditions 

the method can be highly successful.  

Neptune Oceanographics have collaborated with the Aquatec Group to develop 

an acoustic leak detection module to complement the existing optical detection 

system.  The module, which may be diver-held or mounted in a manipulator, 

incorporates a directional hydrophone.  The system includes noise filters to 

remove the effects of ambient noise, including mechanical noise from an ROV or 

support vessel.  It has been tuned to cover the range of frequencies known, 

through experimental verification, to be emitted by high pressure leaks through 

small apertures. 

The detected acoustic signals in the frequency band of interest are amplified, 

digitised, and sent to the leak detection system data logger, where acoustic 

intensity may be displayed either alongside fluorometer readings in dual capacity 

mode or as a single channel.  In common with the fluorometer system, the 

sensitivity is controlled by the data logger to obtain the maximum dynamic range. 

Direct hydrocarbon leak detection 

Hydrocarbons in oil form such as crude oil can be detected using Neptune’s Long 

Ranger leak detector, however, a different method is required for gas.  A direct 

reading hydrocarbon sensor has been added to the range of Neptune 

Oceanographics leak detection systems.  This sensor is essentially a methane 

detector but it is equally a general hydrocarbon detector that will respond to most 

hydrocarbons, however, the potential for oil contamination on the sensors 

membrane make it less suitable for oil detection but good for gas detection. The 

very high sensitivity of the sensor also makes it ideal for the detection of gas 

seepage from the seabed. By careful investigation around an area of leakage 

from the seabed, or any other source (pipelines, etc.), an estimate of the quantity 

of leaking fluid can be made. 

 

 



Fig 4  - refraction patterns caused by leaking fluid 

 

Other news 

The company has recently teamed with Aberdeen based Dynamic Positioning 

Services (DPS) who provide full workshop facilities, technical expertise and 

experienced offshore engineers to support Neptune’s global leak detection 

operations. 
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