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SUMMARY

Exploration for oil and gas deposits beneath the sea bed involves use of secismic survey
techniques, in which high level, low frequency sound sources arc discharged in the water
column at different horizontal positions; the sound reflected from the underlying strata iz
received by hydrophones and is then analyzed to determine the geological structure, In the
past, chemical explosives have provided the sound source but their use has long been
5upm:dr-|:'| by the use of pneumatically-driven, impulsive underwater transducers known as
airguns. Airguns are rmnnall:,r deployed from a survey vessel, either singly (shallow water
only) or, more commonly, in multiple arrays. The sound levels emitted are typically of the
order 226 dB re lpPa @ | m for a single airgum, or 248 dB re 1pPa @ 1 m for an array.
The fundamental frequencies fall within the range 0 to 120 Hz,

Unlike with chemical explosives, which can kill or harm marine fish, birds and mammals over
a significant range (depending largely on the size of the charge used), airpuns seldom are seen
o cause any direct physical injuries o animals, and concern centres almost entirely on
behavioural effects, Serious injuries to fish (eges to adults) only appear to occur at sound
levels of the order of 220 dB re 1pPa, in other words, very ¢lose to the source, whereas fish
avoidance is stimulated typically at levels above 160-180 dB re 1pPa. Such levels may be
found at rather larger distances from the sound source, The main issues with respect to fish
arc tho possible disturbances to feeding behaviour or repulsion from fishing grounds, cither
of which might affect sport fishing or commercial captures. For sea birds, the main
possibility of harm is scen as the potential of sound to injure diving birds when below water,
and the potential disturbance of breeding colonies by airbomne sound. In the case of
mammals, the passibility of physical injury, should they stray in close to the sound source,
ot that they will be doven away from their home ranges, are the chief concerns.

The current trend in the UK of conducting seismic exploration increasingly in inshore areas
of high environmental sensitivity, has raised the level of concern amongst fishermen and
conservation groups. The case against seismic survey has been strengthened by recent
Norwegian fishery studies, which have shown that the use of airgun arrays can distarb fishing
patterns over large distances from the centre of a survey operation. In one study, the catch
rates of cod { Gadus morhua) and haddock (Melanogrammus asglefinus) were halved over an
area of T4 x 74 km, and catch rates had not returned to normal within five days of the
cessation of seismic shooting. On the other hand, such an effect is likely to be a transient one
which, whilst it may be inconvenient for the fishermen, is unlikely to be of lasting harm to
the fish populations, and it would be logical to expect the possibility of higher catches in the
areas to which the fish had been displaced. There is also evidence that short exposures to
seismic sound may drive some demersal species to the seabed, rendering them more catchable
by bottom trawling methods.

It has not been appreciated generally that the results from studies such as those conducted in
MNorway, which invaniably have been carried out in relatively deep water {mostly in the range
30-300 m), are of limited relevance to shallow, inshore waters (<50 m), This is for two
reasons, Firstly, sound attenuation is much more rapid in shallow water, owing to interactions
between the primary wavefront and surface- and bed-reflected waves; based on reported
artennation figures for shallow water, the area of effect might be reduced by a factor of ten-
thousand, compared with a comparable deep-water case. Secondly, inshore fish communities
differ from those found offshore. Typically, inshore communities comprise a large proportion

FAWLEY squalk rescerch isborsiories Ldd

g



of benthic species which have no swimbladder and are thus less sensitive to sound, as well
a high proportion small or juvenile fish which, on the basis of the Norwegian studies, may
also be less affected by sound. The impacts on fish and fisheries are therefore likely to be
substantially less in inshore waters, This general conclusion iz supported by one UK study
carried out to determine the effects of inshore seismic survey on the local bass (Dicentrarchus
labrax) fishery, in which it was shown that neither the distribution, nor the catchability of
bass was affected.

Effects on sea mammals and birds have been much less thoroughly investigated. Virtually
no work has been reported on specics present in UK waters, though the findings from North
American studies should be of general validity. There, cetaceans (whales, dolphins, porpoises)
have been shown to change their behaviour (e.g. moving away from the sound source, reduced
dive duration) at threshold distances of between 400 m and 7 km from the seismic vessel.
Whilst it might be assumed that aveidance behaviour will protect cetaceans from injury,
mdividual dolphins will sometimes approach survey vessels and even swim under airgun
arrays. It is not clear, either, whether transient avoidance may lead to any longer-term
disruption of home range i cetaceans. MNevertheless, it is significant that ono of the UK's
largest populations of dolphins, in the Moray Firth, has persisted in spite of the area’s
exposure to intensive seismic surveying using airguns over the last 30 years.

From the limited work on sea birds and seismic survey (undertaken in Canada), no evidence
was found of harm caused by the use of airguns, and even chemical explosives were rarely
harmful unless the birds ventured very close to the detonation.
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A listing of the literature exarmned for the review is appended as a bibliography at the end
of this report. It combines references supplied to us by UKOOA from throe separats sources
(MAFF Directorate of Fisherics Research, Lowestoft, SOAFD Marine Laboratory, Aberdeen
and TAGC), together with additional material uncovered during our review.

1.3 Conventions Used in this Rmrim-r

In this report, sound pressure level (SPL) is quoted in units of decibels referred to 1 pPa (dB
re 1 pPa). Wherever the term dB is used by itself, it should be read as dB re 1 pPa. By the
same convention, source levels are given for a distance of 1 m from the source on the main
beam axis and are written as dB ro 1 pPa @ 1 m. All logarithmic values refer to log;,.

2 SOUND SOURCES USED FOR SEISMIC SURVEY
2.1 Types of Source

Malme et al. (1986) have reviewed the various types of sound source used now or in the past
for seismic exploration. Thesc melude chemical explosives, airguns, water puns, gas
dstonators and spark generators. By 1983, according to Holliday et af. (1987), 97% of
seismic surveys used airguns; airguns are therefors now used to the virtual exclusion of all
ather sources,

The main characteristics of the sound which appear to be of biological concern are given by
halme ef af (1986) as:

. peak pressure;
. pulsc duration;
" total pulse energy and
. average pulse pressure.

It should be noted, however, that these characteristics are of concern primarily at sound
pressure levels (SPL) which cause physical injuries in fish, whereas at the lower levels at
which the effect is primarily upon fish behaviour, the frequency and SPL are mast impartant.

To facilitate compariscn of the many different standards used for measuring sound levels
found in the literature, conversion details are given in Appendix 1.

2.2 Afrguns and Airgun Arrays

The seismic airgun is an impulsive underwater transducer which preduces high energy sound
at low frequencies, typically with fundamental frequencies in the rangs 10 to 200 Hz, high-
resolution devices, used in only a small proportion of seismic work, may have spectra
extending to 1000 Hz (Malme et al.,1986), The principles of operation and charactenistics of
airguns are described by Barger and Hamblen (1976).

All types function in the same general way, whereby a container of high-pressure air is
released suddenly into the surrounding water, producing an air-filled cavity. The resulting
air bubble pulsates rapidly scveral times producing an acoustical signal that is proportional
to the rate of change of volume of the bubble. The waveform is usually characterized as a
damped sinusoid. The fundamental frequency of the waveform depends largely on the
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1. INTRODUCTION
1.1 Background

Underwater acoustic sources have been used for many years by the il and gas exploration
industry for seismic survey, The chemical explosives uscd at one time have become virtually
obsolete owing to more stringent safety requirements and to the potentially lethal effects on
fish in the vicinity of seismic shooting, A varicty of alternative acoustic sources has become
available, including airguns, water guns, spark generators and others. These modern sources
are not generally directly lethal to aquatic animals and concern now centres on the possible,
more subtle effects of underwater sound sources on the behaviour of fish, affecting their
distribution or catchability, and on diving mammals and bards.

Ajrguns are currently by far the most common acoustic source used in seismic survey, A
number of recent Eurcpean and North American studies have investigated the effects on
commercial fishing of the use of airguns. These have demonstrated varying degrees of cffect
{including no effect) on fish behaviour and fishing success but have concentrated
predominantly on deep water (=50 m) fishing areas.

OFf growing interest and concern are the actual or potential effects on fisherics of seismic
survey operations in shallow coastal waters, cspecially in the 10 to 30 m depth band, but also
in the infralittoral zone (<10 m). Exploration activity is increasingly moving into shallow
water areas of conservation sensitivity and the effects on marine biota of these operations need
to be fully explored and assessed.

The present review was commissioned by the UK Offshore Operators Association {UKOOA)
to collate the existing literature relevant to understanding the effects on marine vertebrates af
sound emitted by seismic survey operations, to review critically the scientific quality of the
studies, and to asscss the validity of the findings with respect to shallow water applications;
finally, it was to identify present deficiencies in our understanding of scismic survey effecls
in shallow waters.

1.2 Scope of Review

This review is intended to deal specifically with the effects of airguns (singly, or as arrays)
on marine fish and diving mammals and birds. Reference to research on other sound sources
used in seismic surveys will be made only where it throws additional light upon the likely
effects of airguns,

Wherever possible, the review will focus on specics of animals found in Nerth Atlantic and
UK coastal waters, Howaver, since useful information comes from North American studies
in the Pacific Ocean, this material has been included in the toview. Whilst inter-specific
differences in sensitivity to underwater sound are found, nevertheless useful peneralizations
can be made for species of similar size and maorphaological type.

In addition to the literature dealing specifically with seismic survey effects, any other work
found in the review which was considered relevant has been incorporated. This includes
studies on hearing in fish and their behavioural responses to sound, on the deliberate
generation of underwater sound fields for fish guidance, fot example away from power station
water intakes, and on the physics of underwater sound propagation.
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