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Introduction

In the early 1990’s, following the licensing of sensitive areas of sea around the UK, a consortium of environmental organisations became concerned about the impacts of oil and gas exploration and production operations on marine and coastal wildlife and habitats as a result of disturbance, pollution and habitat degradation, as well as more generally about the implications of continued burning of fossil fuels on global climate. The Consortium believed that all oil and gas exploration and production activities had associated environmental impacts and that different species and habitats would vary in their sensitivity to these impacts. In addition, the extent to which these impacts affect a neighbouring or even distant area would also vary.

This Report was commissioned by the consortium in 1995 and briefly examined the stages of oil and gas development from exploration to production and identified issues and practices of concern which could potentially affect the marine environment and its wildlife. It has been partially updated in 2006 to take into account advances in knowledge and legislation.

Forty years of oil and gas exploration and development

The UK Government has been issuing licences to search for oil and gas in UK waters since 1964. In this time, over 3000 exploration and appraisal wells have been drilled, together with numerous development and production wells. The amount of related seismic survey has not been documented. Over 200 production installations of various types have been installed, including deep water and floating production systems, shallow water oil and gas platforms, production ships and subsea production installations. To bring the oil and gas ashore, some 4000 miles of seabed pipeline has been constructed, either direct to the shore or to offshore loading installations for transport by tanker (UKOOA 1994).

There is no doubt that this has been an extraordinary feat of engineering and that major technological challenges have been overcome. The industry provides a large amount of the primary energy for the UK and employs many people, both directly and indirectly.

As this development has taken place during three decades of ever-increasing environmental awareness, it might be assumed that environmental protection has been fully incorporated at every stage. Unfortunately, this is not the case. Although there have been improvements in the industry's pollution record, environmental safeguards are still not adequately built into the licensing, exploration, production or decommissioning processes. Those that exist are often added as an afterthought, and regulation in the UK waters is not as stringent as some other countries, such as Norway or the USA.

When the public are questioned over "the pollution risk posed by oil and gas exploration and production", most are likely to cite the catastrophic oil spills from grounded tankers such as the Torrey Canyon, Amoco Cadiz, Sea Empress or Exxon Valdez. Oil transport accidents are of great concern, but so are the smaller accidental spills and continual operational discharges of oils and chemicals associated with oil and gas exploration and production. During offshore exploration and drilling, a wide variety of liquid, solid and gaseous wastes are produced on the platform, some of which are discharged into the ocean. Discharged substances include cooling water from machinery; deck drainage; domestic sewage; drill cuttings; drilling fluids (muds) and 'produced waters'. In addition, submerged parts of the platform may be protected against bio-fouling and corrosion with antifouling paints and sacrificial electrodes. These may release small amounts of toxic heavy metals, such as aluminium (Al), copper (Cu), mercury (Hg), indium (In), tin (Sn), and zinc (Ln) to the water column (Dicks 1982).

Furthermore, few recognise the additional adverse environmental effects associated with exploration activity; construction; and transport of equipment, materials and products. The sequence of activities from evaluation of the resource potential, through exploration, development, production to refining of oil and gas from offshore regions are summarised below, together with an abbreviated description of their potential effects (Neff et al. 1987).

Evaluation:

· Seismic activity causing disturbance / injury to fish and mammals.

Exploration:

· Rig emplacement leading to seabed disturbance.

· Drilling, leading to noise and discharge of drilling muds.

· Routine rig operations involving deck drainage and sanitary discharges.

· Rig servicing involving disturbance from boat traffic and associated discharges from vessels.

Development and Production:

· Rig emplacement leading to seabed disturbance.

· Drilling, leading to noise and discharge of drilling muds heavier than in exploration phase, and risk of blowouts.

· Routine rig operations involve deck drainage and sanitary discharges.

· Rig servicing involves disturbance from boat traffic and associated discharges from vessels.

· Separation of oil from water leading to chronic discharges of pollutants.

· Transfer to tankers with associated risk of spills.

· Pipeline operations leading to seabed habitat damage and possibility of leaks and spills

Finally, decommissioning works can have serious impacts on the environment if not carefully planned and executed.

The North Sea ecosystem is currently suffering under pollution stress as a result of wastes received from all the surrounding countries and from offshore activities (North Sea quality Status Report 1993). Deposition of pollutants via the atmosphere is now recognised as a significant problem. Disturbing signs, such as diseased and mutated fish, are increasingly common. The complexity of the pollution inputs make it impossible to attribute changes seen in the ecosystem or in wildlife to any one input. Recognition of the impossibility of establishing direct cause-effect relationships with respect to environmental problems is one of the factors which led to the development of the Precautionary Principle. There is clear evidence that the process of oil and gas extraction has added to and continues to contribute to the burden of pollutants entering the North Sea and causes general disturbance. The precautionary principle should be applied.

Licensing rounds in the late 1980’s and early 1990’s saw oil and gas exploration moving into inshore waters, often into environmentally sensitive areas, such as Cardigan Bay in Wales or along the Dorset coast. 

In the words of the a former Energy Minister, "...we all share an interest in making sure that if there is oil and gas to be developed, that it goes ahead in an environmentally sound way - and if the environmental risks are judged to be unacceptable, then we would have to accept that as a country that there may be some natural resources that we have, or at least we think we have there, which we cannot and should not exploit for environmental reasons" (Tim Eggar, Energy Minister, BBC 'Countryfile' 6/12/92).

The Licensing Process

Licences for exploration and production are awarded by the Department of Trade and Industry (DTI) in 'Rounds'. The declared policy of the DTI is one of 'maximum economic exploitation of resources' - a policy which is in opposition to international commitments on sustainable development given by the Government at the 1992 Earth Summit, Rio de Janeiro and a policy that  led to an increase in the frequency of licensing rounds between 1993 and 1996. Since then licensing rounds have been more irregular but with a lot of licensing in recent years.  Licenses have conditions attached and these can include provisions to protect the environment. Unfortunately, many of these conditions are vague, do not take adequate account of local conditions or wildlife and are less rigorous than those applied in a number of other countries.

Environmental Effects: Exploration

Marine Seismic Surveys

Seismic exploration refers to geophysical exploration by acoustic means. In the past, high level explosives were commonly used as energy sources, today however arrays of airguns and gas exploders are predominantly used. When used in water these produce sounds with overall source levels of 220-225 dB (re I uPa-m - i.e. at the standard reference used in underwater acoustics). Much of the seismic energy is directed downwards. However, there is also considerable seismic energy directed horizontally. Underwater sound pulses from airgun arrays and similar sources are often audible many tens of kilometres away (Richardson et al. 1995 in press).

Considerable concern has been expressed about the impacts of seismic exploration. This ranges from effects on fisheries and fish larvae, especially in spawning areas, to effects on birds and marine mammals, in particular cetaceans (whales, dolphins and porpoises), who use sound for communication, orientation and catching food. The available information on the potential effects of seismic exploration is limited.

Effects on Fisheries

Recently new research has been published on the effects of seismic exploration on fish stocks. Norwegian studies have raised concerns over the impacts of seismic activity with air guns on fish distribution and catching rates for cod and haddock, not only locally where the shooting takes place, but also in the surrounding area (Engas 1993). The total quantity of cod and haddock post-shooting in the investigation area was reduced by 45% compared to the pre-shooting levels. The largest reduction was recorded within 5 nautical miles of the shooting area centre. Fish numbers decreased in both pelagic and bottom parts of the water column. After shooting had ended, no increase in fish quantity was observed in the area during the subsequent five days (Engas 1993). Other studies have similarly recorded reduced catches following seismic activity (Lokkeborg 1991; Lokkeborg and Soldal 1993).

A report, commissioned by the United Kingdom Offshore Operators Association (UKOOA 1994), highlights the fact that much of the Norwegian research was carried out in deep waters, 50 - 300m. For shallow, inshore waters there is limited information on such effects. One study in UK inshore waters indicated that the catchability and distribution of the bass under study were not affected by seismic activity (Trumpenny & Nedwell 1994; Fishing News 26/8/94). The report stated that catch rates were unaffected and each fishing boat caught an average of 6.3lb of bass per day during the period of the seismic survey. This was followed by a number of responses from fishermen claiming drops in catch rates of bass, cod, dogfish, whiting and skate (Fishing News 16/9/94), and even queen scallops (Fishing News 30/9/94), during periods of seismic activity and associated financial loss.

Effects on Marine Mammals

Detailed studies of the effects of seismic exploration on marine mammals is generally also limited, however a recent review shows considerable concerns over seismic and other noise effects on cetaceans (Dolman and Simmonds 2005, Simmonds et al 2006). Earlier research in North America has reported that both baleen and toothed whales have shown evidence of avoidance of seismic vessels which may in turn temporarily disturb the structure of local resident populations. Baleen whales are usually considered to be particularly at risk because they rely on low frequency sound for communication and in the same range as that used in seismic surveys. Dolphins were shown to move away during seismic surveys in Cardigan Bay in the 1990’s (Dr John Goold pers.com.). Dolphins have also been known to approach survey vessels (Tumpenny & Nedwell 1994). Although this behaviour has been construed by some as demonstrating that seismic activity is of no threat or damage to them, it cannot be ruled out that this is due to other behavioural responses, relating to disturbance in the dolphins' resident area and would certainly put animals at risk. The effects of seismic testing on marine mammals may not be limited to disturbance. Work on airguns has shown that their emissions have not been shown to be lethal to any species so far studied, nor has any other type of injury been demonstrated. However, damage to auditory systems, so far not investigated, cannot be ruled out (Tumpenny & Nedwell 1994). Furthermore, in marine mammals noise can also influence non-auditory physiology (Fletcher 1971) by driving the stress response towards a lowered resistance to disease and promoting hypertension and endocrine imbalance. As well as the possible disturbance effects on mammals, there may also be indirect stress caused by the disturbance or reduction of their food sources. This will be particularly relevant at times when animals are nursing and raising young.

Effects on Birds

Again the available research on the effects of seismic testing on birds is minimal. As well as the possible impacts of disturbance, indirect effects are also possible. Energetic requirements of birds are very finely balanced, especially during the breeding season. In important areas, such as breeding sites, food availability is crucial to breeding success and, as mentioned, seismic exploration may affect fish stocks and their distribution. This problem will be compounded when extensive seismic surveying is carried out over long periods. In Cardigan Bay, for example, one oil company was shooting seismic continually during October and November 1994, followed by a second company shooting in adjacent blocks during November and December 1994. This amounted to three continuous months of seismic exploration in an area nationally and internationally important for its seabird and marine mammal populations (Green pers. comm.) and at a time of the year when the local grey seal population was breeding.

Discharges resulting from oil and gas exploration and production

Environmental impacts of offshore exploration and production may occur as a result of obstruction, debris discharges, accidental spillages, chemical discharges and physical disturbance. All of these need to be considered when assessing the environmental impact of offshore exploration and production. Oil and chemical inputs give rise to most concerns. Four major sources of oil and chemical discharge can be identified from offshore operations. Quantitatively oil is the most important, but a large number of other chemicals including some that are toxic are used in routine operations.

Accidental oil spillage

Offshore oil and gas development carries with it the risk of oil spills at the platform and in transporting the oil from the platform to shore. In some cases, oil is stored offshore and then transferred to tankers or barges. However, most oil and gas produced offshore is transported by pipeline. Pipelines may suffer chronic leaks or even rupture. In the North Sea, accidental spillage accounts for a relatively small proportion of the total oil extracted by the offshore industry in normal operation. There are, however, still an unacceptable number of spills in  UK waters. In 2003 there were 366 spills of under one tonne in UK waters out of a total of 602 reported within the OSPAR countries and 6 spills over one tonne, out of a total of 19. The UK spilt 68 tonnes of oil in 2003, second only to Norway (OSPAR 2005). An offshore blowout would alter the picture considerably. The environmental impact of spills depends on a number of factors, including the type of oil; the size of the spill; and weather conditions. Attempts to recover the oil following a spill will also be heavily dependent on the season and weather conditions however, and even under good conditions, the percentage of oil recovered from a spill is between 10-15%. Generally, the larger a spill is the worse the potential environmental consequences are. However, in inshore areas even regular, small-scale spills and leaks may cause considerable environmental damage. Similarly, a small spill of a highly toxic oil or a heavy crude could result in more damage than a larger spill of an oil of lower toxicity or an easily degradable oil. 

Drill cuttings and muds

During exploration and the initial phases of production, extensive drilling operations are undertaken. The major discharges associated with these processes are drill cuttings and drilling muds. Drilling muds are used to cool and lubricate the drill bit, to remove rock chippings from the well and, most importantly, to maintain safety during drilling by assisting in maintaining well pressure control (UKOOA 1994). Drill cuttings are particles of crushed sedimentary rock produced by the action of the drill bit as it penetrates into the substrata. In the U.K. these are routinely discharged onto the seabed, and are contaminated by the drilling muds. It is worth noting that some countries, such as the US, place a distance from the shore limit within which no discharges of cuttings are permitted.
Contents of drilling muds

Arsenic
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Barite Bentonite

Calcium bromide

Calcium carbonate
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Calcium hydroxide
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Coal
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Potassium carbonate

Potassium chloride

Potassium hydroxide
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Sodium bicarbonate

Sodium chloride

Sodium dichromate

Sodium phosphate

Sodium sulphite

Starch

Tannins

Vermiculite

Wood bark

Wood shavings

Xantham gum

Zinc bromide

Zinc carbonate

Zinc chromate

Zinc sulphate

There are two main types of drilling muds, water-based muds (WBM) or oil-based muds (OBM). The components of WBM and OBM are numerous, including barite with variable amounts of toxic heavy metals, bentonite, inorganic salts, surfactants/detergents, a variety of organic polymers, corrosion inhibitors, biocides and lubricants suspended or dissolved in water (WBM) or in oil/water emulsions (OBM) (Zevenboom et al 1992). In spite of their name, water-based muds also contain significant levels of hydrocarbons (100-7000 ppm reported), (Morris pers. comm.).

As a result of research and environmental assessments, the discharge of all oil-based drilling muds (including low aromatic-based OBM) is no longer permitted. Although these muds are sometimes still used, contaminated drill cuttings containing OBM have to be taken ashore for treatment. Until the 1990’s in the UK sector of the North Sea OBM contaminated drill cuttings were still discharged into the sea and represent a major source of hydrocarbon input (Law 1992). However, in areas where they are no longer used or discharged, the hydrocarbons and heavy metals previously released over a wide area persist at elevated concentrations for many years.

The recognised environmental impact of OBM led to the development of water-based muds. These are presently promoted as the "environmentally friendly" alternative. They, however, still contain considerable quantities of hydrocarbons and numerous toxic chemicals and heavy metals. In OBM, the base oil resulted in the most obvious environmental effects. Concern is, however, now being expressed over other ingredients within both oil and water-based muds. Information is gradually becoming available on heavy metals in sediments around offshore drilling locations. Heavy metals are found in both OBM's and WBM's and it is worth noting that in the US controls exist on the maximum concentration of mercury (Hg) and cadmium (Cd) permitted in the stock barite which may subsequently be discharged. In the Dutch sector of the North Sea sector, elevated levels of heavy metals (Cu, Hg, lead (Pb), Zn) have been detected in the sediments around a WBM drilling site and may be found up to 1 km away from the discharge point. (Zevenboon et al. 1992).

Discharges of cuttings and muds have been shown to have a variety of effects. Immediate effects include smothering of resident flora and fauna which would be devastating in habitats of light-sensitive species and fragile, long-lived species. Long-term impacts related to the spread of hydrocarbons and other contaminants are the subject of much debate. Recent studies in Norwegian waters have indicated that assumptions that toxic effects are restricted to a small area surrounding the discharge are inaccurate. Significant perturbations in community structure have been detected many kilometres from platforms (Olsgard & Gray 1995).

A variety of sub-lethal effects have been demonstrated in organisms exposed to contaminated drill cuttings, including:

i) inhibition of growth and reproductive development in scallops;

ii) decreased feeding activity in deposit-feeding bivalves;

iii) reduced settlement of a range of benthic organisms;

iv) changes in immune responses of fish;

v) reduced spawning by herring in oil-contaminated sediments.

Low levels of dissolved oil-fractions can affect the viability of fish larvae and the growth of adult fish. Elevated levels of hydrocarbons, particularly polynuclear aromatic hydrocarbons (PAHs) have been recorded in fish tissue from fish associated with drilling areas and it is considered possible that this may be linked to the reported higher incidences of liver diseases (Reddy et al. 1995). Even WBMs may raise local levels of heavy metals (in particular, Cu, Hg, Pb and Zn) in sediments and relatively neutral components, such as the clays and weighting agents, may significantly reduce colonisation and burrowing by polychaetes and amphipods. In addition, little is known about the ways in which these complex mixtures of compounds react under the extreme conditions of pressure and temperature during the drilling and production processes.

'Produced water'

In addition to oil and natural gas, oil reservoirs may contain considerable quantities of water, termed connate (fossil or formation) water. During production of oil and/or gas, formation water may also come to the surface. At the production platform the formation water will be separated from the oil and/or gas. This separated water, which also contains hydrocarbons and chemicals from the reservoir and chemicals injected during production, is called 'production water'. Production water is generally, after simple treatment, discharged into the sea. Over time, as an oil or gas field matures, the amount of water produced with the oil or gas often increases as the amount of oil produced decreases (Read 1978). In old fields, production may consist of 94% water and 5% oil or gas (Neff et al).

Produced waters are principally salt solutions and most are more concentrated than sea water. Based on available analysis, metals may be present in substantially higher concentrations than in sea water (Middleditch 1981). These include barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), nickel (Ni), silver (Ag) and zinc (Zn). Research in the Gulf of Mexico, which analysed produced water effluent, identified high concentrations of Ba, vanadium (Va), Ni, Zn, Cu, Cd, Hg and Pb. In most cases, concentrations of these nine metals exceeded levels normally found in fresh water and sea water by a factor of 1000 (Forstner & Wittman 1983).

Produced water may also contain radionuclides, primarily in the form of radium (Ra). Radium is derived from the natural concentrations of uranium and thorium associated with the clay minerals and quartz sands that make up the matrix of the hydrocarbon/water reservoir (Reid 1983). In the North Sea many platforms have accumulated Low Specific Activity (LSA) scale. LSA scale is produced when formation water, which dissolves radioactive salts from the rock, is mixed with treated sea water that has been injected (in the case of an oil field) to maintain pressure as the oil is extracted. The result is a precipitation of barium sulphate (AURIS 1993). The precipitate may build up as scale on the inside of piping, or may be passed out in the produced water. Southern North Sea gas fields are believed to have a problem with polonium-210 contamination although no detailed information exists in the public domain.

Production water also contains high concentrations of oil. Some oil is dissolved in the water while the rest is in a dispersed form. Oil and water phases are first allowed to separate in a gravity separator. The water may then be treated to remove dispersed oil through the use of emulsion or reverse-emulsion breakers before being discharged into the sea. The Paris Convention regulations (North East Atlantic) limit the oil content of produced waters. In 2004, 70 installations in UK waters discharged 258 million tonnes of produced water containing 5227 tonnes of oil (UKOOA 2005). If this was discharged as a one off oil spill there would be a national outcry. As it is it goes largely unreported and unnoticed.

Production chemicals

Chemicals used in the offshore production process include biocides, corrosion inhibitors, scale inhibitors and gas treatments. Little is known about the effects of discharges containing these chemicals, due largely to insufficient research but also the complex nature of some of the chemical cocktails involved. Elevated Cd and Hg levels have been recorded for waters in active oil production areas. Some surfactants are known to disrupt endocrine function in freshwater fish, and may affect sexual development. Although the chemicals involved have to be approved by the UK Government, the methods used to assess them have been much criticised, in particular, for their heavy reliance on lethal toxicity tests; the use of a small range of test organisms; and limitations on hazard determination imposed by 'commercial confidentiality'.

In addition, the precise scale of chemical usage in North Sea offshore operations is unknown. However, early in 1989 the market in chemicals was estimated at 25 million pounds per year (Vik et al 1991). The discharge of chemicals, which may be added into the process at concentrations of between 0.5 and 100ppm, has been subject to relatively little study. The total chemical discharge in the offshore industry is estimated at 57% of drilling chemicals and 30% of production chemicals used, amounting to 84,097 and 5,934 tonnes respectively (Hudgins 1991).

Viewpoint

Without adequate regulation and control there is considerable potential for adverse impacts on marine habitats and wildlife to arise from the normal operating procedures of the oil industry. Regulations to control oil & gas exploration and production are currently inadequate, in part because there is insufficient information on impacts of discharges and on scale of discharges, but also because insufficient attention is given to cumulative impacts, disturbance impacts and to comprehensive assessment of the habitats and wildlife in or adjacent to a licensed area. This leads to an inadequate assessment, if it happens at all, of the impact of activity and therefore little or no consideration of any mitigation including the no activity option. In addition, the monitoring and enforcement of regulations is largely undertaken by the industry and the government department responsible for the interests of the industry. Furthermore, models being developed to control chemical pollution are flawed and considered to be unlikely to form reliable regulatory tools.

As we learn more about marine ecosystems and the cumulative effects of years of pollution and over-exploitation of marine resources, we must realise there are areas of sea that are so important in conservation terms they must be excluded from all potentially damaging activities.
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