Seismic Exploration

Industrial activities at sea generate a variety of noises with differing frequencies (normally measured in Hertz - Hz) and intensities (expressed in decibels - dB). Drilling for oil and gas, whether conducted from boats, platforms or islands, typically produces sounds that have strong tonal components at low frequencies. Associated supply vessels and aircraft, construction work and dredging also produce noise. Modern seismic surveys use "airguns" that are typically in multiple arrays. These produce impulsive sounds at regular intervals which are usually around 226 dB for a single airgun or 242-252 dB for an array. 

Marine acoustics is a very technical issue. No simple comparison can be made between noise levels in air and noise levels in the sea, because the standard reference pressures used in underwater and in-air acoustics are not the same. This has led to a confusing situation where decibels (dB), as reported for underwater sounds, cannot simply be related to those reported for noise sources in air. (The values reported here for underwater noise are all at the reference pressure value "1uPa at 1m".) However, there is no doubt that seismic guns are very powerful noise sources. They can be compared to naturally occurring underwater noises. Blue whales, for example, probably produce the loudest sounds of any animal. Their calls, which are 20-18 Hertz "down-sweeps", are of some 15 seconds duration with a source level of 160-188 dB. These low frequency sounds are very well adapted for long range transmission and probably help the whales maintain contact even when they are far apart. However, they are no where near as powerful as the sounds produced by the airguns.

The sensitivity of cetaceans to noise will vary between species. It is assumed that because the larger whales use low frequency sound - which travels further in the marine environment than high frequency noises - they will be most affected by low frequency "noise pollution". Similarly, the smaller toothed whales, dolphins and porpoises use the "ultrasonic" (high) frequency end of the noise spectrum for communication and echolocation. Therefore, it has been assumed that they will be little affected by low frequency noise, but vulnerable to higher frequencies.

Seismic surveyors are primarily interested in low frequency sound that is deliberately focused towards the seabed. This appears to have led to the mistaken impression that; 

i. airguns only produce low frequency sound and 

ii. that the sound from the guns does not propagate laterally through the marine environment. 

However, it was recently confirmed that airgun acoustic emissions also contain high frequency components which are likely to be audible to toothed cetaceans distant away from the source.

Behavioural studies on marine mammals are difficult because the environment in which they live makes observation difficult and because the normal behaviour of species is still being established. However, for at least some bigger whale species, the zone of influence (or "responsiveness"- see below) of a typical seismic array has been predicted to span distances ranging from 2.5 to 8 km. However, field studies reveal that cetaceans can also be affected over much greater distances. This was revealed, for example, in a series of carefully controlled experiments conducted on the western seaboard of the USA. In one set of these experiments, observations were made of more than 3500 migrating gray whales as they swam past a platform from which playbacks of oil exploration and production noises were made. The whales' normal migration movements were very predictable, so avoidance behaviour could be identified. Their avoidance responses began at sound exposures of 110 dB and increased with increasing "received sound" (i.e. as the sound level reaching them increased, so did their response). More than 80% of the whales showed avoidance behaviour at signal levels higher than 130 dB. 

By contrast, higher sound levels from air guns were required to elicit a response from the whales. Some ten percent of the whales showed definite avoidance reactions and other behavioural changes at sound exposure levels of 164 dB (which corresponded to ranges of <5 km for a 65.5 litre array of 20 airguns and <1km from a single 1.64 litre airgun). 50% showed an avoidance response when the level was 170 dB. Almost all the whales (80%) showed avoidance at 180 dB.

Typically, when confronted with the noises, the whales slowed down and deflected their courses around the source. They also moved into the shallow surf zone and into "sound shadows" provided by rocks in an effort to avoid the noise. Their respiration rates were found to increase and mothers and calves appeared to be especially sensitive.

The responses of bowhead whales to seismic pulses in the Beaufort Sea have also been investigated. Most show strong avoidance when an operating vessel is within 6-8 km, and there are probably effects at greater distances. Strong avoidance has also been reported at distances of more than 20km. Studies showed that once such active avoidance began, the whales swam rapidly away and some were displaced by several kilometres.

Whilst there is little information about most whale species, sperm whales appear to be particularly sensitive to seismic testing. Sperm whales in the Gulf of Mexico appeared to be displaced by more than 50 km when surveys began there. Similarly, sperm whales in the Indian Ocean stopped vocalising in response to seismic pulses from airguns that were more than 300 km away. Received sound pulse levels were only 10-15 dB. 

UK law now requires that cetaceans are monitored from seismic survey vessels. Results from this recent monitoring have shown that fin and sei whales (considered in combination because they are difficult to tell apart), minke whales, white-sided and unidentified dolphins were all significantly further away from the vessels when the airguns were firing. Pilot whales and fin whales were also found to swim faster during periods of firing and sperm whales dived more frequently. Cetaceans also altered course more often during firing, usually away from the vessels but sometimes towards them. There were also fewer instances of bow-riding, swimming alongside or following the boats when the airguns were firing at full power.

The few studies described above serve to illustrate the potential for the offshore oil and gas industry to disturb the normal behaviour of cetaceans. However, even if an animal seemingly tolerates and does not measurably respond to noise, this does not necessarily mean that it is unaffected or unstressed by it. 
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