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ROYAL COMMISSION
ON
ENVIRONMENTAL POLLUTION

EIGHTH REPORT

To the Queen’s Most Excellent Majesty
MAY 1T PLEASE YOUR MAJESTY

We, the undersigned Commissioners, having been appointed “to advise on
matters, both national and international, concerning the pollution of the
environment; on the adequacy of research in this field; and the future pos-
sibilities of danger to the environment”;

And to enquire into any such matters referred to us by one of Your Majesty’s
Secretaries of State or by one of Your Majesty’s Ministers, or any other such

matters on which we ourselves shall deem it expedient to advise:

HUMBLY SUBMIT TO YOUR MAJESTY THE FOLLOWING REPORT.
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“The seas are the heart’s blood of the earth. Plucked up and kneaded by the
sun and the moon, the tides are systole and diastole of earth’s veins.”

Henry Beston “The Headlong Wave”
The Qutermost House (1928)

“Truth and oil always come to the surface.”

Spanish Proverb
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CHAPTER 1
INTRODUCTION

Background to the study

1.1. Oil pollution of the sea in its grossest and most dramatic form results
mainly from tanker accidents. In the UK, the extent of the environmental
threat posed by such accidents was first made apparent by the Torrey Canyon
disaster of 1967. Accidents that cause massive oil spills happen infrequently
but given the extent of world dependence on oil, and hence of tanker traffic,
and the hazards that attend all operations at sea, some oil spill emergencies
are inevitable. Certainly, tanker accidents occur with sufficient frequency to
maintain awareness of the threat and to leave no doubt that some degree of
preparedness for dealing with these emergencies is essential.

1.2. However, the planning of arrangements to counter the threat of large
oil spills raises difficult problems. Resources of manpower, equipment and
expertise are needed; a rapid, well-directed response is necessary in order to
minimise damage. A basic problem is to assess the appropriate level and
location of these resources bearing in mind that major spills occur rarely and
may strike at any point round our coasts. Many interests are involved, in
particular central government, local and port authorities, fisheries and envi-
ronmental bodies and there are likely to be conflicts of interest. There is the
problem of reconciling this complex of interests with the need for decisive
action.

1.3. These problems have received much official consideration in the light
of accumulating experience over the period since the Torrey Canyon disaster.
Among the more recent examples of that activity are: an interdepartmental
study of the risks and effects of accidental spillages and of the organisation
and resources needed to deal with them which resulted in the report “Acci-
dental Oil Pollution of the Sea”, published in 1976 (the so-called PHASE*
report)(!); an interdepartmental review of contingency measures which led
to the Department of Trade (DoT) report “Accidents at Sea Causing Oil
Pollution” (1978)(2); and more detailed studies on various aspects of contin-
gency planning which had been recommended in the 1978 report and which
formed the subject of the DoT report “Improved Arrangements to Combat
Pollution at Sea (1979)(%). In addition to this work, and in parallel with it,
the government departments concerned and the local authority associations
have jointly studied the problems of dealing with oil on the shore and the
organisational arrangements that should be established for that purpose.

*The acronym derives from Pollution Hazards At Sea Exercise; for convenience, we use this
abbreviation in later references to the report.
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1.4. In the period spanned by these activities there was no lack of incidents
to underline the importance of the subject. The 1978 review referred to above
was prompted by the Amoco Cadiz disaster in March of that year; the UK
was fortunate in that this did not affect our shores but the disaster, in which
virtually the entire cargo of a loaded supertanker was discharged to the sea
off the north coast of France, gave a new dimension to the oil pollution threat.
Subsequently, accidents involving the Eleni V (May 1978), the Christos Bitas
(October 1978), the Esso Bernicia (December 1978), the Betelgeuse (January
1979) and the Tarpenbek (June 1979) caused, or threatened to cause, serious
pollution of UK coasts.

1.5. Our study stemmed from the concern and anxiety created by the
Amoco Cadiz. The Government of the time considered that notwithstanding
the amount of effort that had been expended on the problem of dealing with
major oil spills, it would be desirable to seek a fresh and independent appraisal
of the arrangements that should be made. In announcing to the House of
Commons the findings of the 1978 DoT report(?), the then Secretary of State
for Trade indicated that the Government hoped at a later stage to have advice
from the Royal Commission on Environmental Pollution.

Scope of the study

1.6. Although our study originated in concern about tanker accidents and
about the contingency measures needed to deal with them, we recognised at
the outset that it was important to set this aspect of the problem of marine
oil pollution in a wider perspective. We noted that only a small proportion
of the oil that reaches the sea arises from tanker accidents and that conclusions
on the steps needed to deal with oil discharges to the sea, whatever their
source, must take account of what is known concerning the effects of oil on
man and on the environment. These considerations were reflected in the terms
of reference of our study which were announced by the then Secretary of
State for the Environment in April 1979(%) and are as follows:

“To examine the effects of routine discharges and accidental spills of

oil on the marine environment; to consider the measures for controlling
such discharges; and to make recommendations.”

1.7. Accordingly, our study covers the following subject areas:

(i) the amounts, sources and kinds of oil entering the sea and the fate
of this oil;

(ii) the biological effects of oil in the sea, both chronic {for example,
arising from routine discharges of oil in effluents) and acute (arising
from accidental spills); other effects of oil in the sea;

(iii) discharges of oil from land-based sources and the controls that apply
to them;

(iv) routine and accidental discharges arising from offshore oil
developments;

(v) discharges from shipping, especially tankers, arising from accident
or from routine operations;
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(vi) the means of dealing with accidental spills.

1.8. Oil is only one of many substances which are discharged, deliberately
or accidentally, into the sea and the development of appropriate control
policies calls for assessment of the priority that should be accorded to oil in
comparison with other pollutants. In what was already a wide-ranging study
we clearly could not attempt a detailed exposition of the effects of other
pollutants. However, we recognised that an assessment of the relative impor-
tance of oil as a marine pollutant was implicit in our enquiry and, where
appropriate, we make general comments on this aspect in our report.

1.9. Comparison between oil and other pollutants arises also in the context
of shipping accidents. During the course of our study, the Aeolian Sky inci-
dent* drew attention to the risks posed by containers of chemicals that are
washed ashore following an accident at sea or the loss of deck cargo during
a storm. Some of these chemicals are certainly hazardous and the difficulties
of dealing with the containers are increased by the fact that indentifying labels
may have been lost. Chemicals are also carried in bulk in special tankers so
that, as with oil, substantial quantities could be discharged to the sea as a
result of a tanker accident, perhaps with serious, if localised, consequences.

1.10. Interms of countering the pollution threat, there are some similarities
between incidents involving oil and other chemicals. Contingency plans are
required for dealing with chemicals that reach the shore; and the emergency
arrangements needed to deal with oil and chemical tanker casualties at sea
will have much in common. However, as we describe in paragraphs 7.9-7.14,
there are substantial differences in the nature and scale of the problems raised
by oil and chemical spills. In view of these differences, we concluded that the
problems posed by chemical spillages could not adequately be examined in
the context of a study primarily directed to the subject of oil pollution; a
separate study would be needed.

1.11. The question of tanker accidents, their causes and their prevention,
raises many complex problems, some highly technical in nature, to which
solutions can generally be found only through international agreement. It
would have been quite impossible for us, within a reasonable time span for
our study, to have investigated all such matters. Moreover, we were aware
of studies that have been, or are being, conducted by other organisations on
different aspects; in particular, we took note of the report of the Trade and
Industry Sub-Committee of the House of Commons Expenditure Committee
on “Measures to prevent collisions and strandings of noxious cargo carriers
in waters around the United Kingdom” (the TISC report)(6) and of the then

*In November 1979, the cargo vessel Aeolian Sky was badly damaged through collision in the
Channel and sank 10 miles off Portland Bill whilst under tow 10 Portland Harbour. Part of 1he
cargo consisled of canisters of dangerous chemicals, many of which were subsequently washed
ashore along the South Coast. (Some 1,500 canisters had been recovered from the shores of the
Isle of Wight by the end of March 1980.) During this period the Tozeur, out of Hamburg, lost
part of a deck cargo of hazardous chemicals when it-encountered bad weather in the Channel.
The arrival on shore of canislers from this ship added to the recovery problem.

3
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Government’s response to that report(’?). In this area of our study we have
limited ourselves to examining those issues on which concern has been gen-
erally expressed in the evidence we have received, especially from local
authorities and environmental bodies.

1.12. Asfar as national issues are concerned, our study relates to the United
Kingdom as a whole and we have taken evidence from official and other
bodies in Scotland, Wales and Northern Ireland; indeed, having regard to the
North Sea oil developments, the views and experience of Scottish bodies are
of particular importance.

Method of study

1.13. We invited evidence from the departments and other official bodies
concerned with our study, from oil and shipping organisations and from
environmental organisations; a list of those who submitted evidence is included
in Appendix 2. We made a number of visits to oil industry installations to
examine the problems at first hand and we visited various interested organ-
isations for detailed discussions; in particular, we held discussions with the
French authorities concerned with oil pollution and with the Commission of
the European Communities. A list of our visits is given in Appendix 3.

1.14. We wish here to express our warm appreciation of the help we
received from the many organisations and individuals who submitted evidence
or assisted us on our visits.

1.15. 1t is necessary in the report to refer frequently to a number of organ-
isations. In the interests of brevity we have used the customary abbreviations
of their titles. The full titles and the abbreviations are listed in Appendix 4.



CHAPTER 11

OIL: SOURCES AND FATE IN THE MARINE
ENVIRONMENT

Introduction

2.1. The general aim of our study is to assess the seriousness of the problem
of marine oil pollution and it is natural to start by considering what is known
about the amounts of oil that reach the marine environment. As we shall see,
there are considerable uncertainties in estimates of these amounts; neverthe-
less, some appreciation of the scale of the inputs from the varied sources is
necessary if the problem is to be seen in perspective. Oil that reaches the sea
is subject to various natural processes that change its form and its polluting
properties and some understanding of these processes is required in order to
assess the threat posed by oil pollution and the measures that might be taken
to counter this threat. In this chapter we therefore discuss the sources of oil
in the sea and the fate of this oil. We first describe briefly the nature of crude
oil and the refining process to which it is subjected to yield oil products.

The nature of oil

2.2. Oil and coal are the result of changes wrought over many millions of
years on organic matter deposited in layers of sediment on the bottoms of
primeval seas and lakes. Owing to movements of the earth’s crust, these
sedimentary layers subsided to great depths and were overlaid by other strata.
Heat, pressure and time combined to transform the organic material into coal
or oil; coal if the original sediments were deposited in fresh water, oil if the
source was a marine sediment. Coal appears as solid seams through the
sedimentary rocks in which it was formed. Qil, primarily because of the
pressure to which it is subject, migrated from the sedimentary rocks; it may
reach the surface and lead to natural seepage or, as is more often the case,
it is trapped below a layer of impermeable rock. Natural gas, another product
of the mechanisms that led to the formation of oil, is often found as an
immense bubble or ‘cap’ above a body of oil. Beneath the oil reservoir lies
the salty water which was present in the sediments in which the oil was formed.
Figure 2.1 is a cross-section of an oil field at Prudhoe Bay, Alaska. It shows
how gas, oil and salt water are trapped in distinct layers within sandy strata
between sedimentary rocks beneath and impermeable rocks above.

2.3. Crude oil or petroleum?*, that is oil as it emerges from the well, is a
complex mixture containing a large number of chemical compounds. Most
are of the chemical type known as hydrocarbons: as the name suggests, they
contain only the elements hydrogen and carbon. A small proportion of the

*In the oil industry the terms are synonymous; we adopt that usage in this Report.

5
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Figure 2.1
Cross-section of the oil field at Prudhoe Bay, Alaska.
Source: Our Industry, Petroleum, BP Co Ltd (1977).

compounds present in crude oil are non-hydrocarbons and contain other
elements in addition to hydrogen and carbon.

2.4. Hydrocarbons (see Figure 2.2). A carbon atom can be bonded to a
maximum of four other atoms. The simplest hydrocarbon consists of molecules
containing a single carbon atom surrounded by four hydrogen atoms; this is
methane, CH,. However, an important property of carbon atoms is their
ability to bond with each other to form chains. The chains can be straight or
branched, as shown in the figure, and hydrocarbons of this type are called
alkanes or paraffins*. If the carbon chain closes itself to form a ring, the result
is a cyclo-alkane or naphthene. In both alkanes and cyclo-alkanes, all the
carbon atoms are bonded to four other atoms and the compounds are said
to be saturated. Figure 2.2e shows a hydrocarbon chain in which two adjacent
carbon atoms have each lost a hydrogen atom and are thus bonded only to
three other atoms, rather than four. The unused capability for bonding is
taken up by the formation of a double bond between the two carbon atoms.
A hydrocarbon containing one or more multiple bonds between carbon atoms
is said to be unsaturated and is more chemically reactive than saturated com-
pounds. In crude oil, the commonest types of unsaturated hydrocarbon are

*From the Latin, parum affinus (little affinity), to denote their relative lack of chemical reactivity.
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cyclic compounds known as aromatic hydrocarbons*. The simplest member
of this group is benzene (Figure 2.2f), a more complex member is
benzo(a)pyrene (Fig 2.2g). It will be noted that this compound contains five
rings of carbon atoms: because there is more than one ring, the compound
is termed a polycylic aromatic hydrocarbon or PAH. Benzo(a)pyrene and
some other PAHs found in crude oil are known carcinogens (see paragraphs
3.90-95).

2.5. Non-hydrocarbons. Crude oil contains up to seven per cent by weight
of sulphur and up to one per cent by weight of nitrogen. These elements are
combined with carbon and hydrogen in a large number of chemical compounds
with structures similar to those of hydrocarbons. A small proportion of com-
pounds also present contain oxygen; such compounds are mainly acids and
phenols. Traces of metals, notably nickel and vanadium, are always found
and are closely associated with carbon compounds as organo-metallic
complexes.

2.6. The proportions of these different classes of chemical compounds in
crude oils vary according to their sources, giving rise to differences in physical
properties and in the extent to which they might be harmful to marine life.
The size of the molecules present also influences the properties of the oil. If
a high proportion is large (ie if the molecules contain a high number of carbon
atoms and have a high molecular weight) the oil tends to be dense, viscous
and largely involatile; the fewer the large molecules, the more volatile the
oil. In general, North Sea crudes are less dense and contain a higher proportion
of the more volatile compounds than do crudes from the Middle East or South
America; also, their sulphur and metal content is much lower. However, there
may be wide variations in the crudes from fields quite close to each other.
The Beatrice Field yields a crude which is semi-solid at temperatures com-
monly encountered in the North Sea. Such variations have a significant bearing
on plans for responding to oil pollution.

Oil products and the refining process

2.7. Refining is the process of separating the complex mixture of hydro-
carbons that comprise crude oil into simpler mixtures or pure components:
these petroleum products then have a direct use or form the feedstock for
some other chemical process. The fundamental process of separation, frac-
tional distillation, takes advantage of the fact that the components of the
mixture do not all boil at the same temperature. Crude oil is heated at the
bottom of a tower. Vapour rises up the tower and becomes cooler the higher
it travels. When the vapour of a particular component reaches a point in the
tower where the temperature has dropped to its boiling point it condenses
to liquid and is caught in trays which are mounted at intervals of about 0-5
m all the way up the tower. The liquid then drawn off contains all the com-
ponents with similar boiling points. These mixtures are known as cuts or

*The first compounds of this type to be isolated by 19th century chemists were volatile and had
strong characterislic odours: hence the term aromatic, which is now applied to any chemical
compound containing a particular sort of unsaturated carbon ring in its structure.
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fractions. Table 2.1 shows the cuts commonly made in the first distillation and
shows how the yield of each cut typically varies according to the source of
the oil. In general, the higher the boiling point the higher the molecular weight
of the component.

2.8. The petroleum gases, mainly propane (C;Hg) and butane (C,H,,), are
usually liquified by the application of moderate pressure and are marketed
in that form as a fuel (liquified petroleum gas, LPG). The light gasoline*
fractions are the main base for the production of motor fuels. Since the
proportions of alkanes, naphthenes and aromatics found in the fractions
depends on the source of the crude, careful blending is necessary to produce
the optimum product consistently. Naphtha fractions are used as a feedstock
for producing petrochemicals and, with some further treatment, for use in
motor fuel blending. Kerosene is the base for aviation jet fuel and domestic
heating fuels. Much of the high boiling residue is used as heavy fuel oil in,
for instance, power stations and steam ships. Some is distilled further to yield
fractions which can be used in lubricating oils or blended with kerosene to
produce lighter fuel oils (eg for central heating). Petroleum waxes can also
be extracted. The ultimate residue is bitumen.

TABLE 2.1
Typical characteristics of crude oil from different sources
North North Middle North South
Africa Sea East | America | America
Density at 15°C, kg/1 0-801 0-842 0-869 0-890 1-000

Percentage yield by weight
of various cuts

Petroleum gases 3.2 2-0 1-3 0-4 0-0
Light gasoline (“petrol”) (0-70°C) 8-8 5-8 4.7 2:4 0-1
Naphtha (70°-140°C) 16-0 11-0 79 6:5 11
Kerosene (140-250°C) 26-3 18-6 16-4 15-6 4-4
Diesel fuel (250-350°C) 182 19-1 15-3 19-6 9-6
Residue (350°C+) 27- 43-5 54-4 55-5 84-8

Source:*Our Industry, Petroleum’ BP Co Lid (1977).

Sources of Oil in the Sea

2.9. Asstated in paragraph 2.1, considerable difficulties arise in estimating
the quantities of hydrocarbons that reach the sea by the various routes.
Estimates have been made in a number of studies and for the brief summary
presented in the following paragraphs we have drawn particularly on two
sources; these are the report of the US National Academy of Sciences (NAS)
on petroleum in the marine environment(®) which gives global estimates, and
a review prepared for us by the UK Petroleum Industries’ Association
(UKPIA) which gives estimates of inputs to UK waters. We have also taken
note of a recent updating of the NAS data(®). We understand that the NAS
itself is now engaged on a revision of its previous estimates.

*In the UK these fractions are often called petroleum spiril, commonly abbreviated to petrol.
Petrol should nol be confused with petroleum, which is an oil industry term for crude oil.
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2.10. Hydrocarbons, of course, occur naturally and petroleum hydrocar-
bons are the result of natural processes acting on organic material. It is
therefore not surprising that hydrocarbons can always be detected in the sea
even in areas remote from human activities. The various pathways by which
hydrocarbons enter the sea can be broken down as follows:

Offshore oil operations
Losses from shipping
Coastal effluents

River run-off
Atmospheric contributions
Natural seeps

Biogenic production*®

Offshore operations

2.11. Oil can be lost from offshore operations as a consequence of normal
operational procedures or as a result of accident; we discuss this in detail in
Chapter V1. A global estimate of oil losses from offshore operations made
in 1978(°) is 60,000 tonnes of oil each year. About one third of this comes
from operational discharges, mostly of production water (water present in the
oil and separated from it at the well head); the remainder is ascribed to major
accidents, such as blow-outs and pipeline ruptures. It must be borne in mind
that the latter is an average figure, derived from a consideration of accidents
occuring over a number of years. In practice, the amount accidentally spilled
is highly variable from year to year. The 1979 figures, for example, will be
much higher than the average as a result of the Ixtoc I blow-out in the Gulf
of Mexico, which released about 300,000 tonnes of oil. In the North Sea,
operational discharges of oil were reported to be about 200 tonnes in 1980;
in addition, in the absence of major accidents the UKPIA estimated that
about 300 tonnes of oil are accidentally spilled each year. To date there have
been only two major offshore spillages in the North Sea; in 1977, when the
Ekofisk blow-out released 20,000-30,000 tonnes of oil, and in 1980, when a
fractured pipeline in the Thistle-Dunlin field released 1,000 tonnes.

Losses from shipping

2.12. Vast quantities of crude oil and oil products are carried by tankers.
It has been estimated, for example, that in 1979, 1-5 billion7 tonnes of crude
oil and 250 million tonnes of oil products were transported by sea worldwide.
In addition, most merchant ships carry considerable quantities of fuel oil in
their bunkers. Marine oil pollution may be caused in various ways by shipping.
The most obvious cause is a shipping accident in which oil escapes from a
damaged vessel, especially from a tanker. We discuss the question of tanker
accidents in Chapter VII. Accidental discharges may also occur during routine
operations, for example during the loading or unloading of a tanker at a
terminal. There are deliberate discharges of oil associated with ship opera-

*Substances released into the environment as the direct resull of the melabolic process of living
things are commonly described as “biogenic™: those arising from man’s activities are described
as “‘anthropogenic”™.

+1n this reporl we adopl the convention that 1 billion=1,000 million.
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