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FOREWORD

Risk research has been conducted at the University of East Anglia since 1986.
In the early days much of the risk research focused on methods of risk assessment.
The emphasis was on prioritising risk management decisions at a time when people
were beginning to realise that there was no such thing as risk-free world.

As the research progressed it became obvious that the bases for risk decisions
extended beyond the technical sphere to the public sphere. In 1990 the Unit combined
forces with the School of Environmental Sciences’ Environmental Assessment Group
to form the Centre for Environmental and Risk Management (CERM). The Centre
began to look more closely at methods of combining risk assessment, perception and
communication and developed the notion of risk management as an integrated,
cyclical process emphasising the importance of feedback.

During the early part of this decade it became clear that understanding risk
perception was crucial to the effective management of risks. No longer could risk
managers dismiss non-scientific views as merely irrational or emotional and expect
things to turn out as they intended. The development of the field of risk
communication bears witness to this.

At the end of 1997 the time was right to develop the established risk research
and teaching programme into its third phase. The focus of this phase is the
development of an interdisciplinary approach to risk management that fully integrates
the natural and social sciences. The Centre for Environmental Risk combines the
expertise of researchers from the natural and social sciences to form powerful
research teams which can maximise the potential for robust science to be applied in an
appropriate manner.

Located within the world renowned School of Environmental Sciences, the
Centre already possesses strong links with the Climatic Research Unit (CRU) and the
Centre for Social and Economic Research into the Global Environment (CSERGE).
The Centre has close links with other research areas in Environmental Sciences
including the Coastal Processes Group and similar links with other Schools, the
Norwich Research Park and many other research centres nationally and
internationally.

In February 1998 Amoco UK commissioned the Centre for Environmental
Risk (CER) to undertake an independent scoping project to establish what was known
about the environmental implications of different approaches for managing cuttings
piles. At a time when cuttings were becoming a significant decommissioning issue the
value of the independent perspective was as important to Amoco UK as the expertise
brought by the research team. CER was invited to assist the North West Hutton
(NWH) Decommissioning Project Team which comprised a variety of other
engineering, environmental and management experts. The project was designed to
look at both the generic features of cuttings piles in the North Sea as well as the site
specific issues relevant to the NWH platform. The overall aim of the project was to
establish what was known about cuttings piles in particular relating to environmental,
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energy and health and safety issues. Clearly since the conception of the study much
has changed. Amoco UK no longer exists and the team that originally commissioned
the work has been disbanded. A new management structure exists in BP Amoco as
does a new UKOOA dialogue initiative.

The issue of cuttings piles and what to do with them is a classic example of the
interface between science and politics, facts and values. Having access to the best
scientific knowledge available and using that knowledge wisely is clearly important.
However, even if science was able to fully predict the impact of the cuttings on the
marine environment, the fundamental decision about how to manage those impacts is
not a wholly scientific one. Recent events in the offshore sector illustrate the
importance of accommodating value judgements where appropriate in decisions about
how best to act.

As scientists we recognise our role in the production and dissemination of
knowledge. This report is a small part of that process.
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EXECUTIVE SUMMARY

This report was commissioned by Amoco UK. It identifies, describes and
partially evaluates a number of solutions for managing cuttings piles in the North Sea
environment. The main options considered are:

• Leave in situ (including possible bioremediation and capping)

• Dispersal

• Removal from the sea bed, followed by reinjection

• Removal from the sea bed, followed by treatment on land

The comparative assessment of the different options uses four impact
categories:

• Technical feasibility

• Ecology

• Energy and Emissions

• Health and Safety

The NWH cuttings pile is used as a case study. This is one of the larger piles
in the North Sea, with a volume of 25 225 m3 and an estimated mass of 42 126 tonnes.
It is also one of the piles on which most information is available. Although there are
still considerable uncertainties to be resolved, technical feasibility and ecological
impacts1 are likely to be of greatest importance in making choices among the different
options.

Based on a review of contaminant concentrations known to cause ecological
effects and those present in drill cuttings, it is likely that hydrocarbons rather than
metals present the greatest ecological risks. If the cuttings pile is left in situ, some
hydrocarbons will slowly leach into the North Sea, contributing to the overall
contamination burden. However, the total inventory of hydrocarbons in cuttings piles
is similar to the annual input to the North Sea from all sources. Broad field impacts
are therefore not a major concern, and the most significant ecological effects are the
local effects on the ecology of the seabed around the platform.

In the case of NWH, hydrocarbon concentrations in sediments within an area
approximately 500 m in diameter, centred on the platform were between two and five
percent (equivalent to 20,000 to 50,000 parts per million (ppm)) in 1997, six years
after the use of oil-based muds ceased. As no direct comparisons with previous

                                                

1 Here ecological impacts are seen as a sub-set of broader environmental impacts, which includes other
factors such as emissions and energy.
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surveys is possible making a judgement about the speed of biodegradation is
problematic. However, from what is known about the physical nature of the pile it
appears that in the most contaminated sediments, biodegradation is relatively slow.
Thus, if left alone, the central area is likely to remain severely contaminated for a
relatively long period. This contamination will produce a marked and long-term
ecological impact, lasting for several decades at minimum. The spatial and temporal
extent of the ecological impacts outside of this area are more difficult to predict. The
spatial extent of contamination in 1992 was similar to that described for other North
Sea sites. However, the 1989 survey found hydrocarbon concentrations of 60-80 ppm
out to 5 000 m along the orientation of the strongest tidal current (100°-135°). The
1997 survey reported 27 ppm at 7 500 m on a bearing of 288° (‘Platform North’)
although the characteristics of oil at this location indicate that it is probably not
derived from drilling muds but may arise from other man-induced or natural sources.
Hydrocarbon concentrations at these distances are relatively high in comparison with
background concentrations for this part of the North Sea (NSTF 1993a) and several
other sites in the North Sea, such as Veslefriff, and Gyda (Olsgard and Gray, 1995).
These concentrations may decrease over time as bacterial degradation takes place.
However, this may be outweighed by dispersal of contaminated sediment outwards
from the main body of the pile which all available data, (Auris 1992, M-Scan 1997)
indicates to be very contaminated.

The rate at which contaminated material disperses outwards may be increased
if piles are disturbed during platform decommissioning or by fishing activity after
platforms are removed. Further work is required combining sediment dispersion
modelling and a full chemical and ecological survey to allow assessment of how the
ecological impacts have altered over the seven years since the 1992 survey.

The study found no convincing evidence that bioremediation of the cuttings
pile in situ would be practicable.

Capping the pile with concrete mats offers little environmental benefit and
may not be technically feasible. Capping the pile with sand may offer environmental
benefits, but requires further study.

There are also issues related to residual liability and impacts on other users of
the sea that have to be considered for in situ optons.

Dispersing the cuttings pile would produce ecological impacts over an
unacceptably large area of seabed. It could be viewed as a form of dumping at sea, in
which case it would be foreclosed as an option.

There are significant questions about the technical feasibility of all other
options. Burial of material is feasible on a small scale, but there are questions as to
whether it would be feasible for large cuttings piles, such as that at North West
Hutton. Like dispersal, this could be viewed as a form of dumping at sea.

Removing cuttings from the seabed would involve technology that has not yet
been demonstrated as feasible in 150 m of water. If feasible, the ecological impacts
will depend on the amount of pile sediment stirred up, and on the amounts of
contaminants released during the operation. It will be possible to use modelling to
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examine how cuttings material disturbed during removal will disperse. However, no
data are currently available on the amounts of cuttings pile material likely to be
disturbed. More precise assessment of the environmental impacts of removal is
therefore unlikely to be possible without more accurate modelling and a field trial of
the technology.

There are significant energy costs associated with transporting cuttings to
shore. However, the energy estimates cover a wide range. A more detailed
specification of the options is needed before energy calculations can be usefully
included in the decision-making process.

Landspreading of untreated cuttings is not thought to be an acceptable option.
Even if treated this option may prove to be unacceptable.

Existing technology for the processing of cuttings is on too small a scale to
readily deal with the volume of cuttings from NWH, but treatment to remove the
majority of the oil is possible in principle. The development of new facilities is
required. Even after this treatment, the bulk of the cuttings would probably have to be
disposed of in landfill sites. Current treatment methods generally result in material
that is still classified as special waste, so disposal would have to be in one of a limited
number of landfill sites which can accept special waste. An alternative option would
be to dispose of the recovered cuttings directly to landfill without treatment.

Reinjection has been carried out at a number of other locations, and has the
lowest environmental impacts of any of the cuttings disposal options. However,
reinjection may be a much slower process than the lifting of material from the seabed
so there may be logistical difficulties. More significantly, in most cases it would be
carried out before platform decommissioning, and would require the cuttings pile to
be removed from within the platform jacket. There may be also some issues about the
political acceptability of reinjection.

In conclusion, the preferred option on environmental grounds is likely to be a
combination of:

• Leave in situ

• Remove and reinject

• Remove and bring to land for treatment and disposal or re-use

More work is needed to define more precisely the environmental
consequences of leaving the pile in situ and of removal. Even when this is done, the
choice between these three options will need to take into account social and political
preferences in addition to the scientific evidence. This is being addressed by the
current UKOOA dialogue initiative, but will also need considerable thought prior to
the commencement of consultation on decommissioning plans for specific platforms.
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1. INTRODUCTION

1.1 Scope of the Work

Cuttings piles present some level of environmental problem, but the spatial
extent of the area affected varies markedly among platforms. In the southern North
Sea, cuttings piles did not form due to the greater current strengths. In the central and
particularly the northern North Sea, where water depth is much greater and current
strength weaker, cuttings piles have formed. For platforms using oil-based drilling
muds, the area adversely affected may extend up to 5 km from the central platform, as
in the Ekofisk field (Gray et al., 1990). By contrast, studies at some platforms using
water-based drilling muds have found no adverse effects (Daan and Mulder, 1996). In
the extreme, adverse effects on the physiology of the common mussel, Mytilus edulis
have been observed throughout large areas of the southern North Sea and attributed to
petroleum hydrocarbons, although not specifically to oil exploration (Widdows et al.,
1995).

As with many complex environmental problems partial and often
contradictory evidence exists as to the nature and extent of the problem. Managing
cuttings piles is part of the wider problem of how best to manage the recommissioning
or decommissioning of offshore platforms. Recent experiences show the importance
of fully justifying decisions about decommissioning which need to be based on sound,
independent and authoritative science coupled with attention to broader public values.

In February 1998 Amoco UK commissioned the Centre for Environmental
Risk to undertake a scoping project to establish what was known about the
environmental implications of different approaches for managing cuttings piles. The
project was designed to look at both the generic features of cuttings piles in the North
Sea as well as the site specific issues relevant to the North West Hutton platform. The
overall aim of the project was to establish what was known about cuttings piles in
particular relating to ecological, energy, emissions and health and safety issues.
Though the focus of the work was on the ecological dimensions, links were made
where appropriate to the energy, emissions and health and safety issues. The purpose
of this work was to establish from an independent perspective what was known about
the broad environmental issues associated with cuttings piles. In many respects CER
was contracted not only for its expertise in interdisciplinary environmental science but
also as an independent organisation. Being independent, and not having particularly
strong links with the offshore sector, the research challenge was largely one of
understanding where data was held and accessing it. At a time when the offshore
sector is focusing on openness and transparency issues of data accessibility are all the
more relevant. At the outset of the project Amoco UK had identified four main
options for dealing with cuttings piles – leave in situ, reinjection, dispersal and
treatment/disposal on land. This project examined these solutions but also determined
whether additional solutions could be identified. The research comprised three main
stages outlined below:
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Stage 1 – Review of the literature
The first stage entailed the development of a sound understanding of the

relevant issues as presented in the literature on the subject. Views on the impacts of
cuttings piles are diverse and often conflicting. The review accessed the world-wide
literature on environmental impacts of drill cuttings, and other literature on
ecotoxicology of petroleum hydrocarbons in the marine environment to ensure that a
solid foundation was in place before analytical work commenced in the later stages.
Although some reports summarising the issues are publicly available (e.g. ALTRA,
1996; AURIS, 1995b; Rulkötter, 1997), much of the literature was ‘grey’ in nature,
that is it was produced and held by industrial organisations rather than being publicly
available. From an independent position external to the offshore industry accessing
this literature was a time consuming and difficult task. Much of the research effort
was spent obtaining relevant information. The industry co-operation inspired by the
UKOOA drill cuttings initiative is clearly welcome news to the independent
researcher.

Stage 2 – Developing the options
Four main options were originally identified – namely, leave in situ,

reinjection, disperse or treat/dispose on land. This short stage involved liaising with
key organisations to establish current thinking on the various options for managing
cuttings piles.

Stage 3 – Evaluating the options
It was beyond the scope of the project to conduct much more than an initial

evaluation of the options identified in stage two. The evaluation relied on data derived
from desk studies and platform specific information for NWH. Where data permitted
the evaluation was conducted at both a generic and a site-specific level relating to the
NWH platform. Areas where further analytical work was deemed necessary were
identified.

The options were evaluated by assessing environmental impacts and energy
analyses of offshore and onshore components. The focus of the assessment of
environmental impact was on the marine environment. The extent to which this was
possible was dependent on the amount of data available. In some instances the data
gaps were a significant problem. Where data were not available to make these
assessments specifications of the data that should be collected were offered.

1.2 Overview of the Report

The report begins with background information about the nature and range of
cuttings piles in the North Sea. Further background information in the introductory
sections includes a general description of the North Sea to place the cuttings piles in
the context of their environment. A section follows this on the decommissioning
debate; outlining the issues involved in the political situation surrounding
decommissioning and management of cuttings piles.

Following the introduction a short section summarises current knowledge
about the NWH cuttings pile itself. This introduces the reader to the NWH site, and
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relates this specific site to the wider issue of cuttings piles in the North Sea. This
section also describes some specific details about the pile which it has been necessary
to examine in order to evaluate the options for this pile.

A substantial section of the report is the literature review.  The review covers
literature which establishes what is known about cuttings piles in the North Sea
primarily from environmental and energy standpoints. Where appropriate pertinent
health and safety issues are addressed. The review outlines key areas of uncertainty
and recommends where additional work is required.

Having established what is generally known about cuttings piles the report
outlines the options identified for managing the pile. This is followed by an evaluation
of the options specific to NWH.

Chapter 15 outlines some of the research findings on evaluation issues and
reviews the comparative assessment procedures that exist for evaluating the options in
an environmental context. As part of the original project deliverables CER was
encouraged to consider evaluation processes. That is, what kinds of structures and
methods could be used to conduct a comparative evaluation?

It is important to keep in mind that judgements of significance are greatly
influenced by how an issue is framed. For example the impacts of cuttings piles will
be judged differently depending on whether one adopts a global, national or local
perspective. Furthermore, the relative importance that is placed on the impacts is to a
significant extent a matter of personal taste or organisational perspective. The level of
acceptability (or tolerability) is a political rather than a scientific matter. This has
been recognised explicitly by the Royal Commission on Environmental Pollution, the
founding fathers of Best Practicable Environmental Option (BPEO) principles. In
their 21st report Setting Environmental Standards, they acknowledge the importance
of public values in providing a context in which important scientific research and
information must be set (RCEP, 1998). Decision-makers responsible for dealing with
cuttings will need to bear in mind the process by which a particular option is chosen.

Conclusions and recommendations are offered at the end of the report.
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2. CUTTINGS PILES: THE NORTH SEA CONTEXT

2.1 Introduction

This section of the report summarises key aspects of the cuttings pile debate in
order to place in context the issues surrounding the management options for the NWH
cuttings pile. Drill cuttings and cuttings piles themselves, formed in the central and
northern North Sea, contain a mixture of contaminants. The management of cuttings
piles is likely to depend on their significance as a continuing source of pollution in the
North Sea.

After summary information on how cuttings piles are formed, a working
definition and an overview of the likely contaminants, data are given estimating the
magnitude of releases of contaminants from drilling discharges. To assess the relative
importance of these discharges, these data are compared with overall releases in the
North Sea. The current uncertainties surrounding the issue of cuttings piles as
repositories and a continuing source of contamination are also addressed.

A section describing the North Sea environment, specifically that around
NWH, is included to place the pile in the context of the possible ecological impacts.
The political background to the issue, the decommissioning debate and relevance of
cuttings piles to this is also covered. The section ends with details of the NWH pile
which can then be considered by the reader in terms of the general information on
cuttings piles and the current political environment, presented in previous sections.

2.2 Cuttings Piles in the North Sea

In the North Sea, drill cuttings are produced when wells are drilled in the
seabed for extraction of oil and natural gas reserves. The cuttings are rock fragments
produced by the drill bit cutting into the rock. In the North Sea they are typically
composed of sandstone or shale and are 10 µm to 1-2 cm in diameter (McFarlane and
Nguyen, 1991). The fragments are carried to the surface by a liquid ‘mud’, which also
maintains pressure in the well (Cordah, 1998) and cools and lubricates the drill bit.
The ‘mud’ or ‘mud system’ is a complex mixture of chemicals with various properties
to assist in drilling (See Section 3.2). A major function of mud is lubrication,
especially in the lower (often the reservoir) sections of deviated development wells.

The cuttings are separated from the mud and in the absence of a viable and
safe alternative were historically discharged into the sea underneath or adjacent to
platforms. Government approval for this discharge has always been required. As
much mud as possible is recovered for re-use, however some adheres to the cuttings
and is also discharged. These discharges often accumulate into a ‘drill cuttings pile’
on the seabed in the area of the platform. ALTRA (1996) point out that a cuttings pile
is difficult to define as the edge of the pile is not generally clearly distinct. This is due
to differences in the way cuttings are discharged and to the dynamic nature of the
marine environment. Cuttings material can be dispersed by tides and currents before
reaching the seabed (as in the southern North Sea) or it can be distributed in a thin
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layer a great distance from the pile, up to 5 km in the case of NWH (IOE, 1989).
Some piles may also be unstable after formation as they have a soft surface which
allows material to be redistributed by bottom currents. This again means the edge of
the pile cannot be easily be delineated.

A working definition of the cuttings pile is taken to be:

“a discrete accumulation of material clearly identifiable as resulting from
cumulative discharge of wells drilled for a development, and forming a
topographic feature distinct from the surrounding seabed”

(ALTRA, 1996).

In assessing environmental impacts of cuttings and drilling mud discharges,
both the distinct pile, and surrounding contamination, which extends the area of
environmental impact, are considered.

2.3 Data on Cuttings Piles in the North Sea

There is a lack of accurate data on the total number, volume and hydrocarbon
content of all cuttings piles in the North Sea. Survey work has not been conducted at
all installations where piles may exist. ALTRA (1996) identified 59 sites in the UK
sector as likely to have accumulated piles and reviewed available information on 56
of these. Total cuttings and mud discharged were estimated to be 1 473 282 tonnes
(695 726 m3). The average discharge was 26 309 tonnes per development.

The most up to date estimates of the numbers of platforms that have cuttings
piles for the UK and Norwegian sectors are given in a report by Cordah (1998). Their
estimate of over one hundred cuttings piles is drawn from knowledge of discharges
and hydrographic conditions at platform locations in the northern North Sea. Cordah
reviewed available data on the presence of piles from these installations. Estimates of
pile volumes are based on bathymetric surveys or from drilling discharge records. The
number of wells drilled at different sites varies greatly and has a direct bearing on the
size of piles.

2.4 Composition of Drilling Muds and Discharges

Drilling muds are generally composed of a base fluid, and a mixture of
chemical additives developed to perform a variety of functions during drilling (Davies
and Kingston, 1992). The main groups include additives for density control, viscosity
control, formation stability, emulsifiers, wetting agents, and corrosion inhibitors
(Davies and Kingston, 1992). The composition of muds has altered over time as
concerns over the toxicity and biodegradability of some compounds have led to
changes in legislation on their use.

Base fluids
Drilling muds reduce friction on drill pipe and bit, and are necessary in

extended reach and horizontal wells. Diesel oil was the original base fluid commonly
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used in the North Sea. In 1984 the use of diesel-based mud was banned in the UK and
Norwegian sectors, due to concerns over its toxicity. It was then replaced with low-
toxicity oil-based muds, which often still contain diesel but with reduced
concentrations of low molecular weight aromatic hydrocarbons. Low molecular
weight aromatic hydrocarbons, such as naphthalene are the most toxic fractions.
However, toxic effects were shown to continue with low-toxicity base oils (Reiersen,
et al., 1989). This could possibly be caused by the reduced levels of cleaning of
cuttings, which can result in similar total quantities of aromatic hydrocarbons being
released (Kingston, 1992). These continuing concerns led to the Paris Commission
(PARCOM) decision (PARCOM 88/1) that discharges of oil on cuttings should not
exceed 10% (100 g/kg). Further to this, in 1992, the Oslo-Paris Commissions
(OSPAR) adopted PARCOM Decision 92/2 on the Use of Oil-Based Muds. This set
the standard of 1% (10 g/kg) oil discharge on cuttings. This level is practically
impossible to meet using existing cleaning techniques and has effectively phased out
the use of oil-based muds (apart from some exceptional circumstances, for which
permission has to be obtained). This has been in place for exploratory wells since
1993 and for all wells since 1996. Discharge of oil on cuttings has effectively halted
since 1996.

Most muds currently in use are either water or synthetic based. Seawater is the
base fluid of water-based muds, which are considered the most environmentally
friendly (Cordah, 1998). Where water based muds have been employed the area of
contamination and biological impact is greatly reduced (Olsgard and Gray, 1995).
Synthetic or ester based muds, are muds with an olefin (alkene) base. Although they
have the potential to bioaccumulate and are persistent, (Nihoul, 1994), field studies to
date, have not reported large environmental impacts (see for example, Daan et al.,
1996). Daan and colleagues found signs of a disturbed community 200m from a well
drilled with ester-based mud. However, one year after drilling there were signs of
recovery in the macrobenthos. From 2001 on water and ester based drilling muds will
be permitted.

Additives
Additives are potentially important in analyses of the impact of drill cuttings

piles as they are known to have some toxic components (Nihoul, 1994). A variety of
additives are included in drilling mud systems to carry out different functions. Barite
(BaSO4) is the usual additive for density control. This is used to maintain pressure and
thus prevent collapse of the borehole (Davies and Kingston, 1992). Barite impurities
are a major source of heavy metals including cadmium and mercury in cuttings piles
(Kennicutt et al., 1996). To maintain flow of the mud system, viscosity is controlled
by a variety of additives which may include some or all of synthetic polymers,
polyacrylates, carboxlmethyl cellulose or organic polymers (xanthum or guargum).
Additives such as Alkyl-acrylate sulphonate and polyethylene oxide are used in
drilling muds as emulsifiers. Wetting agents, used to maintain the wetting surfaces of
solids in the mud, are often derivatives of phenolethylene oxide (Davies and
Kingston, 1992).

A voluntary notification scheme run by the DTI for all chemicals used
offshore, the Offshore Chemical Notification Scheme (OCNS) has been in existence
for the UKCS since 1979. In the OCNS, chemicals were originally classified
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according to toxicity. This was revised in 1993, to include assessment of
bioavailability, biodegradation and a wider range of toxicity information.

PARCOM Decision 96/3 introduced a similar voluntary scheme called the
Harmonised Offshore Chemicals Notification Format. This covers the North East
Atlantic region, under the jurisdiction of OSPAR, which includes the whole North
Sea. Under the HOCNF, OSPAR co-ordinates registering of chemicals and sets
standards for toxicity testing. In 1996, the HOCNF was revised to include
bioaccumulation and biodegradation information. However, as this scheme is also
voluntary, there is to date no legal requirement for the notification of toxic additives
used in drilling. This is set to change as OSPAR Decision 96/3 is currently being
revised for adoption as a legally binding measure (Stefan Hain, OSPAR pers. comm.,
1999). It is intended that the HOCNF scheme will become the basis of a mandatory
registration scheme during 1999, the OSPAR Harmonised Statutory Control System
(Richard Rycroft CEFAS, pers. comm., 1999).

Included as a category requiring notification are products containing alkyl-
phenol ethoxylates (APEs). These are oestrogenic chemicals known to disrupt
reproduction in a variety of aquatic organisms. (Lye et al., 1997). Some additives in
drilling muds, such as corrosion inhibitors, emulsifiers, demulsifiers and coagulants,
are likely to contain APEs (ENDS, 1997). APEs have not been found in North Sea
fish, but have been detected in sediments which are a likely sink for these chemicals
(ENDS, 1997; and see section 3.2). Notification and study of the endocrine disrupting
effects of these products has been voluntary and a full list is not readily available
(ENDS, 1997; Richard Rycroft, CEFAS pers. comm., 1998). This would be required
in order to assess the risk of ecological impacts from discharges of these products.

In 1996, CEFAS identified 120 products used on the UKCS containing APEs,
most of these contained within rig washes. (ENDS 1997; Richard Rycroft, CEFAS,
pers. comm., 1999). Annual discharges were found to be 25-50 tonnes of alkylphenol
per annum. (Richard  Rycroft, CEFAS, pers. comm., 1999). In 1997 the industry
agreed to eliminate APEs and their breakdown products from use on the UKCS. From
May 1998, their use ‘will have to be justified’ (Richard Rycroft CEFAS pers. comm.,
1999) though as there is no legal requirement that their use is notified, amounts
actually discharged will still not be conclusively known. This is also the case for
current figures for the first quarter of 1998, during which ‘less than 10kg’ of APE was
discharged on the UKCS (Richard Rycroft  CEFAS pers. comm., 1999).

Prior to this informal agreement, and prior to any mandatory notification of
use of products containing APEs, the extent of use of products containing APES is
unknown. Cuttings piles produced from drilling before 1997 could contain APEs and
their breakdown products in unknown quantities. Some estimation of the magnitude
of environmental risks could be made on a platform specific basis, by examining
drilling records and comparing with lists of products known to contain APEs and
other toxins. A preliminary attempt to do this has been conducted by CER and a
prototype database based on the drilling records of NWH has been produced.
However, the reliability of the database is questionable not least because the further
back in time in the records one goes, the less reliable the data become.
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Contaminants present in drill cuttings piles
Contaminants present in piles include hydrocarbons, heavy metals, and other

chemicals from drilling mud additives such as APEs. Hydrocarbons from base oils are
the main contaminant. Metals such as cadmium, zinc, copper, nickel and mercury are
also present in cuttings piles. APE concentrations have only been measured in a small
number of cases. Some piles are known to be stratified and the layers correspond to
the mud systems used (Cordah, 1998). Piles could contain a combination of layers of
diesel-based cuttings, low-toxicity based cuttings, synthetic mud cuttings, and ‘slugs’
of diesel used intermittently for drilling problematic sections (Cordah, 1998).

As the cuttings issue gathers momentum so does the research. However, by
1998 the composition of only seven piles had been studied (Cordah, 1998). These
studies, using core sampling mostly tested for hydrocarbons and heavy metals and
also looked at physical structure including shear strength. NWH was one of the
platforms studied, and provides some of the most detailed information on pile
composition and volume. These results are described in Section 3.2. Hydrocarbons are
the main toxic component of cuttings piles. The precise quantity of oil contained
within all piles in the North Sea remains unknown but has been estimated from what
is known of pile volume and drilling discharge figures.

2.5 Pile Volumes

Accurate data on total pile volumes is limited due to the data shortages
mentioned above. ALTRA (1996) reviewed data available at that time. They found a
large diversity between piles and for this reason there is no average volume value, or
categorisation of piles by volume. In general terms, based on discharge records,
medium sized discharges (5 000 to 25 000 tonnes) are located in the central North
Sea. Larger discharges (>25 000 tonnes) are located in the northern North Sea.

In the more recent Cordah (1998) study, available data on volume of piles in
the whole UK and Norwegian sectors were reviewed. The most accurate volume
calculations are from detailed bathymetric surveys such as those conducted at Fulmar
and NWH. The pile at Fulmar, the largest pile mapped to date, is 25 521m3. The
NWH pile volume is 25 225m3, representing 90% of the volume of discharged drilling
waste. It would appear likely that piles would be of a smaller volume than the volume
of material known to have been discharged as a significant quantity of material may
be dispersed as it is discharged. However, ALTRA (1996) estimate the total volume
of a pile to be 120-180% of the discharges reaching the seabed. The overall volume is
greater than the discharges alone due to factors such as interstitial water. It is also
possible that discharge volumes have been underestimated due to systematic errors in
drilling records (Zevenboom et al., 1992) This is an additional explanation for the
larger volumes. The conversion from pile volume in m3 to pile mass in tonnes can be
made by multiplying pile volume by the specific gravity of pile material. This
calculation is carried out for NWH in Section 3.2, using the value of specific gravity
from the 1992 survey.
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2.6 Relative Hydrocarbon Inputs into the North Sea

Different stakeholders will adopt different contexts, or frames of reference,
which will form the basis for their understanding of the relative importance of the
cuttings issue. To assess the relative importance of drill cuttings and cuttings piles as
a source of hydrocarbon contamination in the North Sea, consideration must be given
to hydrocarbon inputs into the North Sea from all sources. The next sections review
the data available on the relative inputs from a variety of possible sources.

2.7 Hydrocarbon Inputs into the North Sea from all Sources

The 1993 North Sea Quality Status report estimated total annual input of oil to
the North Sea from all sources at 86 000-200 000 tonnes, the main sources of which
are accidental or illegal discharges from shipping, land runoff and offshore oil and gas
(NSTF, 1993a).

Table 2-1: Annual hydrocarbon inputs into the North Sea from all sources

Source Input
(10

3 t/year)

Natural Seeps 1

Atmosphere 7-15

Rivers/land run-off 16-46

Coastal sewage 3-15

Coastal refineries 4

Oil terminals and reception facilities 1

Other coastal industrial effluents 5-15

Offshore oil and gas production 29

Sewage sludge 1-10

Dumped industrial waste 1-2

Dredged spoils 2-10

Operational ship discharges 1-2

Accidental or illegal discharges from shipping 15-60

TOTAL 86-210

AVERAGE (1984-1995) 140

(Source: NSQSR 1993 Summary report, quoted in Nihoul, 1994.  Ranges and average value as in
original source).

The PARCOM figures for annual average inputs to the North Sea, for 1984-
1995 in Table 2.1 indicate that the oil and gas industry contributed 29 000 tonnes of
hydrocarbons during this period. The figures for this category for this ten year period
(from OSPAR 1997d) range from 10-30 000 tonnes, with a mean of 19 219 tonnes. It
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is unclear how the 29 000 tonnes estimate quoted in Table 2.1 was derived, but this
could be a cautious estimate, given recent discussion of possible systematic errors in
calculations of discharges of drill cuttings (Zevenboom et al., 1992; ALTRA, 1996).

The figures shown for other sources in Table 2.1 are also subject to
qualification. Atmospheric inputs shown can be assumed to cover mainly heavier
hydrocarbons and PAHs, and so are not strictly comparable with waterborne or direct
inputs of hydrocarbons. For PAHs, a more recent study of atmospheric deposition
(Baart et al., 1995) gave an estimate of 88.6 tonnes for six of the PAHs alone
(calculated for the year 1990). This is rather more than the 7-15 tonnes shown in
Table 2.1. The estimate for riverine inputs will be reviewed during an OSPAR pilot
study in the year 2000. The category ‘Dumped industrial waste’ does not exist any
more, since such dumping is no longer allowed in the OSPAR maritime area. Above
all, the category “Accidental or illegal discharges from ships” awaits more sound
estimation.

2.8 Hydrocarbon Inputs into the North Sea from the Offshore
Industry

Table 2.2 gives a detailed breakdown of inputs from the offshore oil and gas
industry in several countries.

Table 2-2: Hydrocarbons discharged into the North Sea from offshore oil-
production (tonnes)

Year Denmark Netherlands Norway UK Total for Year

1981 66 128 591 7 530 8 315

1982 930 285 1 534 11 689 14 438

1983 1 822 529 1 770 15 814 19 935

1984 763 1 153 3 900 21 360 27 176

1985 351 2 093 3 482 22 382 28 308

1986 222 4 775 2 472 19 175 26 644

1987 326 2 165 1 547 15 730 19 768

1988 580 1 295 2 062 22 714 26 651

1989 680 998 1 323 16 823 19 824

1990 543 546 1 096 15 499 17 684

1991 43 389 1 169 16 021 17 622

1992 81 285 1 491 12 335 14 192

1993 106 251 585 9 141 10 083

1994 178 275 1 064 9 371 10 888

1995 196 232 1 519 9 835 11 782
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This indicates that the actual annual inputs have been rather less than the
Table 2.1 figure, averaging 19 219 t. The decline during the 1990s reflects the gradual
implementation of PARCOM decision 92/2, on the use of oil based mud. Using the
higher figure of 29 000 tonnes, the offshore industry contributes on average 21% of
total hydrocarbon inputs to the North Sea. Hydrocarbon discharges from offshore oil
installations as calculated by OSPAR come from production and displacement water,
drill cuttings, spills, and flaring; (OSPAR 1997d). Using the lower figure of 19 000 t,
the average contribution is 14% during this period, when releases of oil on cuttings
were at their peak. Whichever figure is used, it is clear that cuttings were a significant
source of hydrocarbon input to the North Sea until discharges were reduced.

According to the North Sea Task Force (NSTF, 1993b), oil on cuttings was the
major source of hydrocarbons entering Subregion 1 of the North Sea (see section 2.13
for explanation) a region of the North Sea where a large number of developments are
located, including NWH. In total, for the UK sector, (the largest source), Department
of Trade and Industry (DTI) records indicate a discharge of 158 000 tonnes of oil on
cuttings between 1983-1995. Discharges of hydrocarbons from the offshore industry
peaked in 1985, largely composed of drill cuttings discharges, discharge of which
reached 25 802 tonnes in 1985 and was also high in 1988 (at 22 555 tonnes) after two
years of lower discharges. The largest input occurs in the UK coastal sector.

2.9 Hydrocarbon Inputs into the North Sea from Cuttings Piles

Estimates of oil contained in piles are made from discharge records and from
what is known of pile volume, and composition. During the period 1984-1995 oil on
cuttings constituted 68% of the offshore industry’s input to the North Sea on average.2

Table 2-3: Discharges of oil (tonnes) on cuttings as percentage of total
offshore industry inputs (all countries)

Year Total inputs from
offshore industry

Oil discharged on
cuttings

Oil on cuttings as
proportion of
total inputs

1981 8 315 Not available

1982 14 438 Not available

1983 19 935 Not available

1984 27 176 24 959 0.92

1985 28 308 25 802 0.91

1986 26 644 19 761 0.74

1987 19 768 15 773 0.80

1988 26 651 22 555 0.85

                                                

2 The averages were taken for the years 1985-1995, excluding 1981-83 as figures for other sources
(Table 2.1) are averaged over this time, thus enabling comparison between sources.
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Table 2-3:continued

1989 19 824 15 587 0.79

1990 17 684 13 739 0.78

1991 17 622 12 050 0.68

1992 14 192 7 293 0.51

1993 10 083 4 588 0.46

1994 10 888 4 582 0.42

1995 11 782 3 865 0.33

TOTAL 273 310 170 554 --

AVERAGE 18 220 14 213 0.68

(Source: OSPAR, 1997d)

These figures are from the period when discharges of oil-based mud were at
their peak (though this is after the ban on diesel-based mud). Total discharges of oil
on cuttings in the North Sea are estimated by PARCOM to be 170 554 tonnes
between 1984-1995. The following sections on inputs from the offshore industry
relate these releases to the total inputs of the industry, and other sources. Since 1996,
unless otherwise permitted, discharges of oil on cuttings have ceased, and as such are
no longer an input to the North Sea.

2.10 The UK

Table 2-4 overleaf illustrates that oil on drill cuttings accounts for 68% of the
estimated oil discharges to the North Sea from the UK offshore oil and gas industries.

The DTI estimates a total of 157 923 tonnes of oil on cuttings discharged in
the UKCS from 1983-1996. ALTRA (1996), however, estimate total discharges of oil
on cuttings from the 56 platforms it examined on the UKCS to be about 68 000
tonnes. The discrepancy between the two figures is due to the different data set
studied by ALTRA, which focussed on production facilities in the central and
northern North Sea where ‘cuttings piles are expected to be present’ (and which
responded to requests for information). A more recent review by Cordah (1998),
however, identified over one hundred relevant structures, though it does not produce
an aggregated estimate for oil on cuttings for these structures.

Another reason for the apparent discrepancy between DTI and ALTRA
estimates may be the different way the figures have been calculated. Estimates for 34
of the 56 developments seem to have derived from actual OBM usage figures in well
reports, while the remainder were estimated (less accurately) on the basis of an
estimated 50% usage of OBM, and 10% oil on cuttings. The margin of error in the
first type of estimate depends upon the reliability of the well reports. The margin of
error in the second type of estimate depends upon the accuracy of the two estimated
percentages used.
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Table 2-4: Hydrocarbon inputs into the North Sea from the UK offshore oil &
gas industry (tonnes)

Date Prod. Water Spills Cuttings

1983 1 700 186 14 500

1984 1 430 130 19 800

1985 2 150 310 20 200

1986 2 710 3 540 13 000

1987 3 330 516 12 400

1988 3 234 2 727 18 500

1989 3 423 517 13 400

1990 4 393 899 12 310

1991 5 490 192 11 230

1992 4 850 225 7 169

1993 4 232 224 4 588

1994 4 418 174 3 820

1995 5 855 84 3 180

1996 5 706 127 3 826

1997 5 766 866

TOTAL (tonnes) 58 687 10 717 157 923

(Sources: The Energy Report, DTI, 1997 and 1998, and The Digest of Environmental
Statistics, DTI, 1996)

The DTI ‘oil on cuttings’ figures were derived from retort readings carried out
during drilling using a PARCOM agreed method. The precise accuracy of such
readings could not be ascertained for this report.

2.11 Relative Significance of Cuttings Piles as a Source of
Hydrocarbons in the North Sea

Historically, the contribution of oil on drill cuttings to the total hydrocarbon
inputs to the North Sea was significant. Average figures calculated from PARCOM
data, indicate that the offshore industry contributed 14-21% of inputs to the North Sea
between 1984-1995. Oil on cuttings contributed 68% of the industry’s discharges on
average. Discharges of oil on cuttings have now ceased following the implementation
of PARCOM decision 92/2.

The extent of continuing contamination is just beginning to be understood
(Cordah, 1998; Cripps et al., 1998 and this report). On the one hand, the annual input
of hydrocarbons to the North Sea is between 86 000 and 210 000 tonnes (figures for
1984-1995 from OSPAR, 1997d) and total discharges of oil on cuttings for the same
period were 170 554 tonnes, a similar magnitude. On the other hand, drill cuttings
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appear to constitute a major repository of oil in the North Sea, since oil on drill
cuttings is thought to biodegrade slowly. These kinds of figures will provide different
stakeholders with different numbers on which to frame the cuttings issue. Whichever
figures are chosen will ultimately influence the endpoint judgement about the
significance of cuttings piles as a source of hydrocarbon pollution in the North Sea.
Reaching these judgements requires information on three key aspects outlined in more
detail below.

1. Oil in cuttings piles
The total number and volume of piles in the North Sea is not yet accurately

known. There is even greater uncertainty about oil content of piles as there has been
relatively little work in this area (Cordah, 1998). Core samples from several piles give
an indication of concentrations of oil present in different layers within the piles. These
are very specific to the individual layers which makes it difficult to make general
estimates of total oil content of piles. For example at NWH oil concentrations in core
samples taken from close to the platform were 7.4% at 35cm, decreasing to 0.6% at
220cm (Auris, 1992). No comprehensive analyses of total oil contents of piles have
been made, but an estimate can be made for NWH based on available data (see Table
3.2 and Appendix 1).

2. Leaching of hydrocarbons from the pile.
The extent to which dissolved fractions of hydrocarbons leach from cuttings

piles is currently unknown (Cordah, 1998). Anecdotal evidence has described
concretion or compaction of the surface of some piles, suggesting leaching is unlikely
in that situation. However, more recent analyses of pile structures based on core
samples have found no evidence of compaction or concretion in the piles sampled
(Cordah, 1998). Leaching of metals has been found to occur in studies by
Dunstaffnage Marine Laboratory (New Scientist, 1998). However no studies are
available to date addressing the issue of leaching of hydrocarbons.

3. Redistribution of contaminated sediment
The extent to which redistribution of material from the pile surface occurs will

be site-specific. Understanding of this will require analyses of hydrographic
conditions around each pile, measurements of pile stability and the evaluation of the
distribution and redistribution of sediments and the toxic components of the pile. The
development of dispersion models will play a significant part in understanding the
likely impacts of future management scenarios.

These three issues – contents, leaching and redistribution of material from
cuttings piles – constitute major gaps in current knowledge and further study is
required to address them.

2.12 Heavy Metals in Cuttings Piles

Heavy metals are also a major component of cuttings piles. Unlike
hydrocarbon discharges, there are no collated figures on the discharges of heavy
metals in drilling wastes. This makes it difficult to assess the relative contribution of
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drilling discharges and cuttings piles to the North Sea. The contributions of other
sources of heavy metals into the North Sea are shown in Table 2-5. These include the
dumping of sewage sludge, industrial waste and dredged material, along with many
other sources.

Specifically concerning “Dredging”, it should be noted that a large fraction of
dredging-related ‘input’ is not actually fresh input, but rather displacement (and
possible remobilisation) of existing inventory. It is known from several countries that
(for example) inner harbour dredge material is not dumped at sea, but landfilled.

Table 2-5: Heavy metal direct (dumping) inputs to North Sea, 1990 (tonnes) All
countries

Heavy
Metal

Sewage Industrial
Waste

Dredging Atmosphere Total all
sources

(approx.)

Zinc 160 440 7 900 5 500 22 000

Lead 77 220 2 700 1 700 52

Copper 76 180 1 300 740 3 500

Chromium 21 24 2 800 180 2 900

Nickel 11 64 1 200 400 1 700

Cadmium 1.2 0.3 71 74 200

Mercury 0.7 0.2 19 6.9 53

(North Sea Task Force, 1993a, Table 3.16)

Notes: - UK-specific figures are given in the ‘Digest of Environmental Statistics’ (DOE, 1996)
Dumping of solid industrial waste and dumping of sewage offshore have ceased but dumping of
dredging spoil continues.

Data on the heavy metal content of piles and thus their importance as a
repository is also limited. Only seven North Sea cuttings piles have been sampled for
heavy metal content including NWH. Details of findings at NWH are given in
Chapter 3. The importance of metals as a toxin relative to hydrocarbons is debatable
and requires further research, as does the distribution of metals in sediment around the
piles. Barite is a major source of heavy metals in cuttings piles, and barium
concentrations have been used in previous studies as a tracer of transport of drilling
muds. However, due to some inadequate methods of extraction, questions have been
raised as to the reliability of much existing data on barium concentrations (Hartley,
1996). The 1992 survey report (Auris, 1992) includes data on total metal
concentrations and metal concentrations extracted with concentrated nitric acid.  The
latter are referred to as potentially bioavailable by Auris (1992). However, the extent
to which particular methods of extracting metals from sediment in the laboratory
reflects the bioavailability of these metals to benthic organisms is not well
understood, and is still a topic of active research (e.g. Chen and Mayer, 1999).

A further important aspect is whether the metals stay contained within the
piles or leach out into the water column. This is the subject of recent work under the
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MIME initiative by Dunstaffnage Marine Laboratory on the NWH pile (John Hartley,
pers. comm.). The details of this study are not yet available; however, initial results
indicate leaching is occurring and thus heavy metals are not completely retained
within piles (Edwards, 1998).

2.13 The North Sea Ecosystem in the NWH Region

An ecosystem is defined as:

“The living, biotic, inhabitants and their physical, abiotic environment”

(Jeffries 1997)

In the marine ecosystems of Great Britain and the North East Atlantic
(including the North Sea), abiotic components include geology, depth, seabed
composition (sediment type), strength of currents and tides, water temperature and
salinity. Physical conditions have a direct influence on the ecology of the North Sea
(NSTF 1993a). Biological groups include plankton, fish, benthos, seabirds and
cetaceans, which are linked through ecological interactions (MNCR 1998). This
section describes the abiotic characteristics and biology in the region of the North Sea
ecosystem around NWH.

Physical environment
The North Sea, situated on the continental shelf of north-western Europe, is a

partially enclosed sea (Salomons et al., 1988) which is surrounded by the coastlines of
the UK, Norway, Denmark, Sweden, Germany, the Netherlands, Belgium, and France
(Figure 1). The total area of the North Sea as considered by the North Sea Task Force
is 750 000 km2, with an estimated total volume of 94 000 km3 (NSTF 1993a). The
International Council for Exploration of the Seas has divided the North Sea into
subregions to simplify the calculation of flushing times and other studies (ICES
1983). These divisions, illustrated in Figure 1, were updated by the North Sea Task
Force in the North Sea Quality Status Report (NSTF 1993a).

The North Sea is a shallow basin, 30-200m deep (NSTF 1993), except for the
northern extremes and the bordering Norwegian trench. The North Sea can be roughly
divided into two sections, the shallow southern North Sea, (<100 m deep) and the
deeper northern North Sea (100-200 m deep), (Figure 2). One major influence of
depth on ocean conditions in the area, which is relevant to cuttings piles, is the effect
of stratification. In the summer months, a temperature gradient (thermocline) is
established over the deeper area of the North Sea, the northern and central regions.
This results in significant reduction of vertical mixing of the water mass, typically to a
depth of 50 m in the northern North Sea. Although, there is more movement the rest
of the year round, there is generally less movement in this area than in the shallow
waters of the southern North Sea. In the southern North Sea, tidal currents, wind
induced currents and wave action are strong, resulting in erosion, resuspension and
dispersal of fine particles (NSTF 1993a). Consequently, drill cuttings and muds are
rapidly dispersed and piles do not typically form in this area. Cuttings piles are thus a
northern and central North Sea phenomenon. Figure 3 shows NWH (at
61°06’ 23.950” N by 01°18’ 32.9742”  E) to be situated in the deeper and more
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stratified northern North Sea close to a number of other offshore installations. This is
within Subregion 1 between 62°N-58.5°N and 1°W-3°E. Subregion 1 is 83 000 km2,
with an estimated volume of 13 100 km3. The average depth in Subregion 1 is 158 m.
NWH stands in 144.3 m of water at lowest astronomical tide (LAT) (Reverse
Engineering Ltd 1997). For comparison and perspective Figure 4 shows an overview
of the offshore oil and gas infrastructure in the wider North Sea.

Sediment
The distribution of seabed sediment types in the North Sea is shown in Figure

5. The seabed in Subregion 1 includes areas of sand, mud/sandy mud and coarse
sand/gravel (NSTF 1993 b). The seabed around NWH is a mixture of very fine sand
and coarse silt (Wentworth Scale) and is largely homogenous. Fines (particles
<63µm) range from 14-61% (AURIS 1992). This has direct relevance to the ecology
of the seabed (See section 2.15).
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Figure 1.  Countries bordering the North Sea, and North Sea Subregions as
defined by the North Sea Task Force (After NSTF, 1993a).
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Figure 2.  Bathymetry of the North Sea.  Depth contours marked in metres.
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Figure 3.  Geographical location of North West Hutton (after IOE, 1989).
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Figure 4.  Infrastructure of offshore oil and gas production in
the North Sea (After NSTF, 1993a).
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Figure 5.  Distribution of sediment types in the North Sea (after NSTF, 1993).
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2.14 Background Hydrocarbon Levels in the North Sea.

Aromatic hydrocarbons of natural origin may be present in sediment. It is
useful to compare such ‘background’ levels with levels in the North Sea coming from
anthropogenic sources generally and at specific sites. The background concentration
of a natural compound is defined as the concentration of that compound that would be
found in the environment in the absence of human activity. Natural compounds are
defined as all compounds produced from natural precursors by biosynthesis or by
biogeochemical photochemical or chemical processes (NSTF 1993a).

Background levels of total hydrocarbons in Subregion 1 range from 1-10ppm,
depending on sediment type (NSTF 1993a). General or background levels of PAH in
sediment in Subregion 1 are 0.172ppm. However, this estimate includes some PAH of
anthropogenic origin. There is overall elevation of hydrocarbon levels in the East
Shetland Basin, the area in Subregion 1 where a large number of production platforms
including NWH are located. Here, contamination two to three times the background
level is evident over a wide area. Contamination close to drilling sites can often be
>1 000 times greater than the background levels (Davies, 1984).

2.15 Biology

Overview
The marine environment around the UK, including the North Sea is

‘exceptional for a temperate country’ (UK First Report on Biological Diversity 1997).
Table 2-6 indicates that an estimated 40 200 species occur in UK waters. In general
terms, the biological importance of the North Sea habitat, has been described as being
particularly due to the seabed comprising extensive sediment flats which are
important spawning areas for shellfish. This includes the edible crab Cancer pagurus,
scallop Pecten maximus, and fish such as plaice, Pleuronectres platessa, cod Gadus
morhua and whiting Merlangus merlangus (UK First Report on Biological Diversity,
1997).

The major biological groups present in the area concerned are described
briefly in the following sections. In addition, it is important to understand the
interactions between the various species when assessing the impact of any
contaminant released into an ecosystem.  For example, food-webs are characterised
by significant complexity which makes understanding the pathways for contaminants
and thus the likely resulting impacts very complicated.
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Table 2-6: Marine organisms occurring in UK waters

Group British Species

Viruses 2 300

Bacteria 1 700

Protozoa 27 000

Macro-algae 840

Micro-algae 1 360

Invertebrates estimated 6 500

Fish 300

Birds 188

Mammals 33

TOTAL Estimated 40 200

(Source: HM Govt. Biodiversity Action Plan, 1994)

Phytoplankton
Phytoplankton are microscopic marine algae which are free floating and

usually single celled (NSTF 1993a). They are the main primary producers in all
marine ecosystems. They provide chemical energy via photosynthesis for the marine
food web (Salomons et al., 1988). Examples include Chlorella, Coccolithus and
Cyanidium. Phytoplankton are consumed by herbivorous zooplankton such as
copepods.

Zooplankton
The zooplankton includes both herbivores and invertebrate carnivores. The

zooplankton comprise a range of organisms from unicellular microzooplankton
(<0.2mm) to the macrozooplankton (>2mm), which includes organisms such as the
larvae of fish, molluscs and crustaceans. The zooplankton also includes organisms
that spend their complete life cycle in the plankton. Over 300 species have been
recorded in the North Sea (Salomons et al., 1988). High concentrations of
zooplankton are present in Subregion 1. Abundant species are the krill Thysanoessa
inermis and the calanoid copepod Calanus finmarchius (NSTF 1993b).

Benthos
The term benthos is used to describe all organisms that live in, on or near the

seabed. For example, bivalves, brittle stars and polychaete worms. Those living on the
seabed surface are the epifauna, such as the brittlestar Ophiura sarsi, those living in
the seabed surface layers are the infauna, such as bivalves (Abra nitida and Thyasira
equalis).

Macrobenthos
The macrobenthos are benthic organisms larger than 0.5 mm in size (MNCR,

1998), such as bivalves, polychaetes and echinoderms. The macrofauna constitute a
major part of the diet of commercial fishes (Bromley and Kell, 1993). Depth, water
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temperature and sediment type are the main factors affecting community composition.
Kunitzer et al., (1992) classified 8 species assemblages of the macrofauna in the
North Sea, corresponding to depth contours, and sediment type. This classification
combines data from the ICES Benthic Ecology Working Group and work by
Elftheriou and Basford (1989) on the northern North Sea. The work provides
information on the whole North Sea, against which natural and anthropogenic change
can be assessed.

This baseline data did not extend to the precise location of NWH. However, as
the assemblages are dependent on physical factors, some estimation of the typical
assemblage present at NWH can be made from the environmental conditions at NWH.
For instance, NWH is situated in 144 m of water, within the 200 m depth contour,
with sediment of fine sand/coarse silt. The community typical of these conditions
would be expected to be similar to the community IIIb in the northern North Sea, in
water >100 m deep and in finer sediment. Indicator species of this community are
Minuspio cirrifera, Thyasira sp., Aricidea catherinae, Exogone verugera.

Meiofauna or meiobenthos
This term describes organisms that dwell in/on the sediment of the seabed

which are less than 0.5 mm in size (MNCR 1998). Groups include nematodes,
harpacticoid copepods, small polychaetes, oligochaetes, ostracods, kynorhynchids and
juveniles of larger animals (Salomons et al., 1988). The most abundant groups in the
North Sea are nematode worms and copepods. Nematode/copepod ratios vary greatly
in the central and northern North Sea, and depend on a range of environmental
conditions. The meiofauna play a crucial role in marine ecosystems; they are a major
link for transferring energy from benthic to pelagic food webs, largely via predation
by juvenile and larval fish (Stacey and Marcotte, 1987). They are also a major food
source for crabs and other shellfish (HM Govt., 1994).

Fish
Over 200 species of fish have been recorded in the North Sea, however it is

estimated that 20 of these make up the majority of the biomass (NSTF, 1993a). A
wealth of literature exists on fish populations and their abundance in the North Sea.
For simplicity only the commonest species present in the NWH region are described.

In Subregion 1, where NWH is situated, abundant species in the area include
herring, mackerel, haddock, whiting, cod, Norway pout, saithe, and the flatfish, long
rough dab (NSTF, 1993b). Their distribution in the marine environment is shown in
Figure 6. Subregion 1 is an important spawning area for saithe, Norway pout, and
haddock, and a large proportion of these species’ larvae stay in the area (NSTF
1993b).

In terms of links to the rest of the marine ecosystem, whiting, haddock, and
especially Norway pout are prey for other fish (NSTF, 1993a). Species such as cod
and sandeels are a food source for seabirds, seals and cetaceans (MNCR, 1998).
Sandeels (Ammodytes sp.) are also an important food source for cod, haddock,
whiting, mackerel and saithe, which are all species fished for human consumption.
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Figure 6.  Distribution of commercially important fish species
along a transect from Norway to Shetland.
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Seabirds
Sea bird populations in the region of NWH, include the breeding colonies on

Shetland. The following species breed in the area; fulmar (Fulmaris glacialis), gannet
(Sula bassana), shag (Phalacrocorax aristotelis), great skua (Catharacta skua), arctic
skua (Stercorarius parasitticus), black-headed gull (Larus ridibudus), lesser black-
backed gull (L. fuscus fuscus), herring gull (L. argentatus), greater blackbacked gull
(L. marinus), common gull (L. Canus), kittiwake (Rissa tridactyla), common tern
(Sterna hirudo), arctic tern (S. paradisaea), razorbill (Alca torda), guillemot (Uria
aalge), black guillemot (Cepphus grylle) and puffin (Fratercula arctica). In the late
1980s, this area was described as a ‘stress zone’ (NSTF, 1993a) for populations of
arctic terns, puffins and kittiwakes. Breeding failed in these colonies in 1987 and
1988. This has been largely attributed to low availability of sandeels (Danchin, 1992).

Marine Mammals
Seals
The two seal species resident in the North Sea, the harbour or common seal

(Phoca vitulina) and the Atlantic Grey Seal (Halichoerus grypus), both have
populations in Subregion 1 around the Shetland Islands. Seals reproduce on land and
feed in the open sea, their diet consisting of fish species such as sandeel and cod.
Counts carried out as part of the North Sea Quality Status Report (1993) give
estimated numbers of 4 800 harbour seals, and 4 000 Grey Seals in Subregion 1.
Populations were significantly reduced in the North Sea by the epidemic of phocine
distemper virus (PDV) in 1988, but these are now recovering to pre-virus levels
(NSTF 1993).

Cetaceans
Cetaceans are numerous in Subregion 1. The diet of many species consists of

fish, others such as the baleen whales rely directly on the plankton for food (MNCR,
1998). Common species in Subregion 1 are harbour porpoises (Phocoena phocoena)
the minke whale, (Balaenoptera acutorostrata) and dolphin species including the
whitebeaked dolphin, (Lagenorhynchus albirostris) the white sided dolphin
(Lagenorynchus acutus) and the common dolphin (Delphinus delphis). The
population of harbour porpoises has been estimated at 61 000 in the northern North
Sea, minke whales at 6 100 and dolphins at 25 000 (NSTF 1993b). Killer whales and
pilot whales are regularly observed in this region. Other species observed
intermittently or occasionally are bottlenose dolphins, Sowerby’s beaked whale, sei
whales, fin whales, sperm whales and humpback whales.

Fisheries
A wealth of literature exists on the fisheries in the North Sea including those

in Subregion 1. In this area there are major fisheries for human consumption, of
herring, mackerel and saithe, and significant fisheries of haddock, cod, whiting, and
Norway pout (NSTF, 1993b). There are also industrial fisheries, (for processing into
fishmeal and oil) largely on sandeels in the area. (RSPB, 1985).
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2.16 International and UK Protection Policy for the North Sea

Explanation of concepts and policies
It is important to view the cuttings pile issue against the background of wider

policy on protection of the marine environment. The general principles and aims of
UK and international environmental protection policies which are applicable to the
North Sea will be outlined, and related to the ecological effects of drill cuttings piles,
and the extent of impact from management options for NWH.

In recent years, conserving biodiversity and the continued functioning of
ecosystems or ecological integrity have become central aims of environmental
protection. ‘Biodiversity’ is the short form of ‘Biological Diversity’, a term first
coined in the mid-1980s, (Jeffries, 1997) and now adopted as a central concept in
international environmental protection policy. In 1992 at the Earth Summit in Rio de
Janeiro, 150 countries including the UK signed the Convention on Biological
Diversity.

The definition of biodiversity, as set down by this Convention is:

“The variability among living organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are part; this includes diversity within species, between species and
of ecosystems.”

(UNCED, 1992)

From this definition the three levels of biodiversity become apparent:

• Diversity between and within ecosystems and habitats;

• Diversity of species; and

• Genetic variation within individual species.

(HM Govt., 1994)

Biodiversity is necessary for several reasons. First is the functional integrity of
ecosystems. This enables a proper cycling of elements and thereby the operation of the
planetary life support system (HM Govt., 1994). Individual ecosystems provide
specific natural functions. For example, vegetation on mud flats and sand dunes
reduces coastal erosion, and seaweed beds reduce wave action. If loss of biodiversity
occurs, the resulting alteration to the ecosystem can mean these functions may be lost,
and the ecosystem and the habitats it contains destroyed. Genetic variations are
fundamental to the evolution of all species and therefore to the maintenance of
existing ecosystems (Wynne et al., 1995).

Biodiversity also has a commercial value, in terms of harvesting of wild
species and the genetic variability in wild species provides a gene pool for the
development of cultivated species. The North Sea habitat (among other UK offshore
areas) provides of ‘one of the most important uses of native (UK) biodiversity; sea



Centre for Environmental Risk

3939

fisheries’, important species being cod, plaice, herring, mackerel and haddock (UK
First Report on Biodiversity, 1994).

There are also ethical and aesthetic values of biodiversity. These are less
tangible, but nevertheless highly significant considerations, particularly as public
values are becoming more central to environmental standard setting. Debate on their
definitions and impact on policy is wide-ranging and ongoing.

In the UK, formulation of specific action plans for the protection of marine
biodiversity has been constrained by the lack of a systematic audit of marine
biodiversity (Wynne et al., 1995). This lack of specifics does not lessen its
importance. Conservation of biodiversity has become a broad aim of environmental
protection in the context of the whole North Sea area.

The UK Biodiversity Action Plan gives a specific example of how biodiversity
is affected by a pollutant in the marine environment. An industrial effluent from an
outfall in the Humber estuary had adverse effects on benthic meiofauna. At the
bottom of the food chain the meiofauna community is an important food resource for
crabs and other shellfish, which are then eaten by marine mammals, birds, fish and
consumed by humans. The number of species in the community was reduced from 60
to 10 by contaminants from the outfall, constituting a potentially significant impact on
biodiversity (HM Govt., 1994).

Drill cuttings and North Sea context
Similar effects of pollutants on biodiversity, as described above, occur on a

large scale in the North Sea. Several regulatory bodies monitor and control these
effects, including the Oslo Paris Commission (OSPARCOM). The North Sea is
covered by the OSPAR Convention for the Protection of the Marine Environment of
the North-East Atlantic (Paris, 1992). According to the OSPAR Action Plan, this aims
to:

“reduce discharges and emissions of substances which are toxic, persistent,
and liable to bioaccumulate … to levels that are not harmful to man or nature.”

(OSPAR, 1994a)

The overall aim of environmental protection of the North Sea is for zero
discharges or emissions which have a harmful effect on North Sea biodiversity. A
further element of environmental protection policy, also adopted by the OSPAR
Convention, is the Precautionary Principle. Many definitions of the precautionary
principle exist (O’Riordan and Cameron, 1994), but the underlying motive is that in
the face of scientific uncertainty about the environmental impact of an activity or
pollutant, the environment should be protected recognising the benefits of anticipatory
action and the costs of irreversibility. The 1998 Sintra agreement signed by most
North Sea States represents a further strengthening of policy on protection of the
North Sea Environment. This is discussed more fully in Section 2.17.



Centre for Environmental Risk

4040

2.17 Decommissioning and Cuttings Piles Regulations

The background to decommissioning
There are 219 oil and gas platforms on the UK Continental Shelf, and about

440 in the entire North Sea. About 150 of the platforms are relatively light weighing
between 1 000 and 8 000 tonnes, and found in the southern North Sea, while the rest
are heavier and found in the central and northern North Sea.

Platforms were first installed in the late 1960s. The lifespan and the physical
or economic exhaustion of reserves in the North Sea means that the first platforms
are now being decommissioned. This process will continue throughout the first
quarter of the 21st century and beyond.

The decommissioning options under current consideration include: re-use;
complete removal; and partial removal. If the cuttings prove too problematic to move
then it may be impossible to completely remove a platform with a cuttings pile, since
the lower sections of the platform legs may be covered in cuttings. In this case
(which is the situation at North West Hutton), the cuttings pile will be a factor in the
decommissioning decision-making. This state of affairs is recognised, implicitly or
explicitly, in the various regulations that apply to decommissioning. The implications
of the different decommissioning options therefore need to be brought into the
cuttings pile debate.

International legislation relating to decommissioning
There are both European and international conventions to which the UK is a

signatory (committing itself to implement any agreed resolutions). Most relevant to
drill cuttings piles is the recent OSPAR Decision 98/3 on the Disposal of Disused
Offshore Oil Installations (Sintra meeting, Portugal, July 1998). This agreement
specifies that:

the re-use, recycling or final disposal on land will generally be the preferred
option.

(OSPAR Decision 98/3, initial declarations)

Partial disposal at sea is now allowed only in certain cases. For steel jacketed
platforms, the ‘footings’ of platforms weighing more than 10 000 tonnes can be left
in place, subject to approval by the signatories to OSPAR. ‘Footings’ are defined as:

those parts of a steel installation which are below the highest point of the piles
which connect the platform to the seabed.

Or which are so closely connected to these parts as to:

present major engineering problems in separating them.

 (OSPAR Decision 98/3, par. 1d)
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Any national licensing body considering allowing such exceptions in a
decommissioning permit must submit a comprehensive justification to OSPAR,
taking into account ‘scientific and technical arguments’, also specifying
management, monitoring and legal responsibilities.

According to the UK Government:

This agreement relates to the 34 large steel UK installations which weigh in
excess of 10 000 tonnes – in air – excluding topsides.

And:

The footings represents about 25 per cent of the weight of these installations –
75 per cent of the weight will be brought to land.

 (UK Govt press release, July 23rd 1998)

Before OSPAR Decision 98/3, the 1989 IMO Resolution A.672 (16)
represented the main source of guidelines on offshore platform decommissioning.
These IMO guidelines have as default the complete removal of platforms, but only
require removal for platforms in less than 75 m depth and weighing less than
4 000 tonnes. For platforms in more than 75 m depth, or which weigh more than
4 000 tonnes, partial removal is allowed, provided that a clearance of at least 55 m is
left.

The UK argued for the case-by-case approach to decommissioning sanctioned
by the IMO guidelines, but OSPAR Decision 98/3 has reduced the scope for such an
approach to the 34 installations mentioned above – including NWH.

Although cuttings piles and their environmental impacts are not explicitly
referred to by OSPAR Decision 98/3, the rest of the text (along with the
accompanying Ministerial declaration) supports the interpretation that environmental
impacts are a major factor in any decision-making involving footings:

We re-emphasise our commitment to prevent the sea being used as a dumping
ground for waste, whether from the sea or from land-based activities.

And this commitment has:

the ultimate aim of achieving concentrations in the environment near
background values for naturally occurring substances and close to zero for
man-made synthetic substances.

(Ministerial declaration accompanying OSPAR Decision 98/3, Sintra, 1998)

These declarations are relevant to drill cuttings piles for two reasons: first,
cuttings piles are likely to physically cover the base of the footings, so cannot be
considered separately; second, it becomes important to consider any discharge from
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cuttings piles, to assess whether it is ‘close to zero.’ On this latter point, a strict
interpretation of ‘close to zero’ has been adopted by at least one NGO:

Zero discharge is now a target shared by environmentalists, governments and
the European Commission.

(Greenpeace Business, October/November 1998, p2, bold font added)

OSPAR Decision 98/3 contains no detail on the exact circumstances in which
footings can be allowed to remain in place. Instead, there are many references to the
need for industry-wide collaboration and information-sharing, with a view to
adopting ‘improved management mechanisms.’

OSPAR Decision 98/3 complements the 1992 OSPAR (Protection of Marine
Environment, NE Atlantic) agreement (ratified by the UK on July 23rd 1997, entering
into force on March 25th 1998). The major principles upheld by OSPAR 1992 are:

• The Precautionary Principle

• The Polluter Pays Principle

• Best Available Techniques & Best Environmental Practice

• Prevention of an increase of pollution outside the convention area

OSPAR 1992 also requires the removal of substances that constitute:

hazards to human health, harm to living resources and marine ecosystems,
damage to amenities or interference with other legitimate uses of the sea.

OSPAR 1992 itself replaces two previous conventions – the 1972 Oslo
Convention, for the Prevention of Marine Pollution by Dumping from Ships and
Aircraft and the 1974 Paris Convention, for the Prevention of Marine Pollution from
Land-Based Sources.

Other international legislation does not seem so directly relevant, although
there is scope for debate on, for example, the 1958 Geneva Convention, which
stipulates that the remains of abandoned/disused platforms must be entirely removed
from the continental shelf.

Offshore operations fall under the scope of Council Directive 85/337/EC
(On the Assessment of the Effects of Certain Public and Private Works on the
Environment), as amended by Council Directive 97/11/EC.  In the UK, this is
implemented offshore by the Offshore Petroleum Production and Pipelines
(Assessment of Environmental Effects) Regulations 1999.

The EC Directive notes two scales of project: Annex 1, where Environmental
Impact Assessments are mandatory, and Annex II where operations fall below a
certain threshold. Annex II assessments are at the discretion of individual states. In
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the UK, requests for dispensation from assessment is made on Petroleum Operations
Notice (PON) 15. For operations that do require an environmental assessment, this
assessment should be sufficiently detailed and available on the public register.
However, decommissioning is specifically excluded from the legislation.

The European Commission has not produced any Directives dealing
specifically with drill cuttings or decommissioning, though it has reviewed
decommissioning techniques (European Commission 1996). However, a
Communication document3 from the European Commission reveals that the
Commission considers it is already mandated by Article 130r(1) of the European
Treaty, along with a number of European Directives, to be able to ‘exercise
competence.’ However, since not all members of the EU are signatories to OSPAR,
and vice versa, the Commission proposes to operate as a negotiating partner.

The UK is one of the 75 signatories to the 1972 London Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter, thereby
committing to:

…take all practicable steps to prevent pollution of the sea by the dumping of
waste and other matter that is liable to create hazards to human health, to
living resources and marine live, to damage amenities or to interfere with other
legitimate uses of the sea.

(London Convention 1972, quoted in DTI Press Release 368/96, 8 November 1996.)

The 1972 agreement was updated in 1996, such that :

Central to the agreement is a new initiative to examine all other waste options
before dumping at sea is undertaken. The agreement stresses the importance of
science in understanding and addressing marine pollution.

(DTI Press Release 368/96, 8 November 1996.)

The 1972 London Convention was also extended in 1996 to cover dredged
material. Resolution LC.52(18) on a Dredged Material Assessment Framework is ‘a
generic guideline for decision makers in the field of management of dredged
material.’ It essentially formalises the various stages of environmental impact
assessment for dredging, including characterisation of the dredged material,
evaluation of options, assessment of effects and monitoring. A summary is given in
CEDA (1997).

There are also OSPAR guidelines on dredged material disposal, which
according to CEDA (1997) are ‘similar in both structure and content’ to the DMAF.

                                                

3 Communication from the European Commission to the Council and the European Parliament on the
Removal and Disposal of Disused Offshore Oil and Gas Installations (no date)
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OSPAR’s working group on Sea-Based Activities (SEBA) has had the issue
of drill cuttings piles on the agenda of its recent meetings. The meeting of February
19984 agreed that:

Contracting parties should submit information to the UK by 1 October 1998, in
particular as regards relevant national legislation and results of investigations
of the technical feasibility of the removal of drill cutting piles.

And that:

the UK would, if appropriate….prepare a draft background document with
regard to the environmental impact of the presence and removal of drill cutting
piles for presentation at SEBA 1999 [and] consider the possibility for a BEP
addressing this matter.

 (SEBA 98/16/1-E, sect. 4.8)

UK legislation relating to decommissioning
Offshore operations do not fall under the Environmental Protection Act 1990

since they are almost all outside British ‘controlled waters’. However, if parts of the
platform (or the drill cuttings) are brought ashore, then the platform operator assumes
a ‘duty of care’ for them. This is relevant to the onshore cuttings treatment options
described below.

The Petroleum Act 1998 requires an abandonment programme (for an
offshore installation) to be submitted for approval to the Secretary of State, by the
owner/operator (a number of clauses define this ‘person’). The abandonment
programme must describe the intended abandonment measures, their costs, times and
also:

… if [the abandonment programme] proposes that an installation or pipe-line
be left in position or not wholly removed, then [it] shall include provision as to
any continued maintenance that may be necessary.

 (Petroleum Act 1998, Pt IV, Section 29, Par.(4)(c))

The Secretary of State is given the discretion to stipulate what type and level
of information the abandonment programme should contain.

The DTI’s 1995 guidelines on decommissioning supplies details on
interpreting the Petroleum Act. These are currently under review after reissue in June
1999. The guidelines lay down categories of impact which should be taken into
account in the abandonment assessment; the scope of the decommissioning
document is also outlined. In addition the Health and Safety Executive (HSE) require
a formal health and safety assessment during decommissioning, as stated in the
Offshore Installations (Safety Case) Regulations (SI.1992/2885).

                                                

4 OSPAR document SEBA/98/16/1-E
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Drill cuttings themselves are covered in the DTI guidelines (see Chapter 11
of the guidelines), and not at all in the HSE guidelines (see section 4.12). The Food
and Environment Protection Act 1985 (FEPA) applies to all operations involving the
deposit of substances or articles anywhere in the sea or under the sea-bed from a
British vessel, British aircraft, British hovercraft or British marine structure (FEPA
1985, Section 5 (b), italics added). Such operations require licensing and the
licensing authority, MAFF, in England & Wales or SOAEFD, in Scotland, would
have to give due regard to the need:

to protect the marine environment, the living resource which it supports and
human health; to prevent interference with legitimate uses of the sea.

 (FEPA 1985, Section 8 (1)(a))

In this light, removal and sub-surface reinjection, dispersal or re-location of
cuttings may well constitute fresh disposal. In this case a licence would be required.

Some regulatory issues of relevance to drill cuttings piles
Residual Liability
The DTI Guidance Notes to the Abandonment of Offshore Installations and

Pipelines (1995) state that any residual liability remains with the owners in
perpetuity (DTI 1995), and perpetual liability by the owner/operator is also implied
in the Petroleum Act 1998. As Gao (1997) points out, such residual liability could tip
the financial balance against partial removal, from the offshore operators’ point of
view. The operators’ own rationale for relinquishing residual liability is, however,
expressed differently:

… individual companies may not exist in perpetuity, whereas government, or a
government agency, will.

 (ODCP Offshore Decommissioning Communications Project Web Site, May 1997)

The ODCP go on to argue that:

Industry has discussed this matter with Government and made several
proposals. One was the transfer of liability from owners to a body such as
Trinity House (who already has responsibility for wrecks in UK waters).
Another was that Government would assume ownership of any residues upon
satisfactory completion of an approved decommissioning plan, and the industry
would fund insurance to give Government financial protection against any
claims from civilian interests. The U.K. Government has rejected the proposals,
stating they have not seen any compelling reasons why owners should not retain
the responsibility, but has stated its willingness to discuss the matter further.
Industry has also investigated the setting-up of a so-called “Protection and
Indemnity Club”, funded by the companies, to provide cover for the residual
liability but an acceptable approach has not been found.

 (ODCP Offshore Decommissioning Communications Project Web Site, May 1997)



Centre for Environmental Risk

4646

The ODCP has recently ceased to exist and its work been taken over by
UKOOA5, whose understanding of OSPAR (1992), is that, if part of an installation is
left in the sea, then the residual liability lies with the owner of the platform. 6 This is
supported by the text of OSPAR 1992, which invokes

the polluter pays principle, by virtue of which the costs of pollution prevention,
control and reduction measures are to be borne by the polluter

OSPAR (1992), Article 2, par. 2(b)

Under UK law, there is, in fact, no civil liability for damage to the
environment, only for harm to persons. The DTI Guidance Notes (1995) do place the
responsibility for satisfactory abandonment procedures upon the operator. This
includes respecting the relevant international guidelines (for offshore disposal) and
UK environmental legislation (for onshore disposal), concerning release of
prescribed substances. However “environmental damage” as a concept is not
acknowledged.

A debate on legal liability for environmental damage (as opposed to
responsibility under the relevant administrative regime) has been under way at the
European level for a number of years. This debate has recently been re-opened by the
announcement of the imminent (as of January 1999) issue of a European
Commission White Paper, outlining three options: a framework EU Directive;
ratification by the EU of the Council of Europe’s 1993 Lugano Convention, or an EU
Directive dealing only with damage to ecology.

The Lugano Convention is the most detailed of the three options to date. It
seeks to bring environmental damage under a civil liability regime, by imposing …

… strict liability on the operators of specified dangerous activities for
environmental damage, personal injury or damage to property, caused by them.
Companies are jointly and severally liable unless they can prove their
responsibility is only partial. As well as provisions relating to compensation for
damage the Convention contains provisions aimed at the prevention of incidents
and reinstatement of the environment.

Margaret Jordan & Richard Weatherhogg, Lovell White & Durrant, London and
Brussels7

The Lugano Convention is, however, much disputed. It has not been signed
(as at June 1997) by any of the states with a North Sea coast, and has been rejected
by Britain, Germany and Denmark. In the initial debates, the European Commission
was also obliged to give up its initial attempt to make environmental liability
retrospective (relevant to the drill cuttings piles options, especially ‘Leave in situ’

                                                

5 Their Web site is at http://www.ukooa.co.uk/environment
6 John Campbell, Technical Director, UKOOA (pers. comm.)
7 Taken from their Web site at http://www.lovellwhitedurrant.com
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and ‘Reinjection.). The debate on legal liability continues. Further detail is beyond
the scope of this report.8

Platforms in foreign ownership
It is possible to interpret FEPA 1985 such that it sanctions a different

treatment of foreign-owned and British-owned installations. The Act applies to the
disposal of substances or articles from foreign installations ‘within British fishery
limits’ provided they were loaded with those substances or articles in ‘United
Kingdom waters.’ (FEPA 1985, Section 5(c)).

Cuttings, however, are “loaded” outside UK waters. This possibly implies
that cuttings that are reinjected down wells from a foreign-owned oil platform are not
subject to FEPA 1985.

Controlled waters
In some legislation, the term ‘controlled waters’ seems to refer only to waters

within the UK’s three-mile territorial limit, i.e. ‘territorial waters.’ This is the
interpretation found in EPA 1990, Section 1.(6), referring to the Water Act 1989, Pt.
III, Section 103 (for England and Wales), or the Control of Pollution Act 1974, Pt II,
Section 56 (for Scotland). In this respect, the DTI 1995 Guidelines would also seem
to be limited to the three-mile limit, referring to:

the deposit of substances or articles within United Kingdom controlled waters,
either in the sea or under the seabed.

 (DTI Guidelines, 1995, section 2.1.2.(e), p.6, bold font added)

However, the Guidelines seem to be misquoting FEPA 1985, whose section 5
(b) does not contain the words in bold. In fact, the justification for interpreting
‘controlled waters’ in the DTI guidelines as going beyond ‘territorial waters’ is the
Continental Shelf Act 1964, which affirms the authority of the Queen to exercise
exploration and production rights over any part of the UK continental shelf. This
shelf is understood to refer to the UK continental seabed out to the 200 m-depth line.
It therefore seems sensible to interpret the italicised words in the DTI guidelines to
mean ‘continental shelf’, in the sense of the 1964 Act. The Continental Shelf Act
1964 thus extends the powers of the Petroleum (Production) Act 1934.

BPEO, Best Available Techniques, Best Environmental Practice
UK legislation refers to the concept of Best Practicable Environmental

Option (BPEO), while OSPAR 1992 instead refers to Best Available Techniques
(BAT) and Best Environmental Practice (BEP). To the extent that these are different
concepts, the relationship between them needs to be worked out. (In practice, they
may turn out to be very similar – see section 14, on BPEO and comparative
assessment generally, for a discussion).

                                                

8 This information taken from Castle (1996) and the European Environmental Bureau Web site at
http://www.eeb.org/
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2.18 The Cuttings Pile Debate

This section describes the broad alternative courses of action, the issues
raised by each, and the factors that influence our approach to assessment and
evaluation of the options.

The options
Oil based cuttings are contaminated with hydrocarbons and are a potential

environmental hazard. However, is there a greater risk in leaving the cuttings piles in
situ, dealing with them in situ, or in removing them and dealing with them
elsewhere? To resolve the question, the potential impacts of a wide range of options
need to be assessed, along with any legal constraints. Some of the key issues are:

• If cuttings piles are to be left in situ, then predictions need to be made about the
extent of leaching of hydrocarbons (and, possibly, metals), the continued effect
of this on North Sea ecosystems and about natural or artificially enhanced bio-
degradation.

• If treatment of piles in situ is being considered, then the cost and effectiveness of
the alternative technologies needs to be established. These include bio-
remediation; capping; dispersal; and entrenchment. Bio-remediation, for
example, seems to be the ‘cleanest’ option, yet relatively little is known about
this. Capping, on the other hand, is not theoretically difficult (though it may not
be straightforward in practice), but it may preclude future options.

• If the piles are to be removed, then technologies for doing this need to be trialled
and evaluated. The process of removal itself may have a disruptive effect, and the
limits of acceptability of this need to be defined.

• Once removed, the cuttings may be injected down existing wells (‘reinjection’),
or shipped ashore for treatment on land. The former option uses known
technology but with some uncertainty over timescales and the receiving strata. It
may also be classified as ‘dumping’ and thus subject to certain legal restrictions.

• If the cuttings are to be shipped ashore, then the operational details need to be
specified, so that the relative environmental costs and benefits can be determined.
For example, either one large vessel could be used, or a number of smaller ones.
One platform at a time may be serviced, or a ‘round robin’ approach to the
logistics could be adopted. There may also be operational uncertainties, due to
the weather.

• Once the drill cuttings are onshore, a variety of interrelated options remain
including heat treatment, landfill and landspreading.

Criteria for assessing the options include ecological impact, energy usage,
health and safety, public perception, technical feasibility, timescales, flexibility vis-à-
vis information gaps, and cost. This report focuses on ecological impacts and energy
usage with a limited coverage of health and safety issues where appropriate. This
should not be interpreted as indicative of any prioritisation but simply reflects the
experience of the research team and the limitations of the contract.
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The approach to assessment and evaluation
The first stage of options assessment requires the best science and the most

reliable information. For example, the best available statistical methods should be
used to determine the environmental effects of drill cuttings under different
management scenarios. This will provide a perspective from the viewpoint of state-
of-the-art scientific understanding. However, it is likely that trade-offs will be
necessary to decide which option is the ‘best.’ Key questions remain as to how these
trade-offs will be made. Another way of putting this is - how will the ‘Best
(Practicable) Environmental Option’ be decided?

Relevant assessment and evaluation issues are addressed in this report at a
level of detail appropriate to the current state of knowledge and to the availability of
information. There are number of issues common to most of the options:

• The lack of an historical precedent for cuttings piles management means that
expertise in dealing with them is only now being acquired.

• There is a lack of a complete body of high quality data. NWH is one of the best
surveyed piles in the North Sea. Even then, the number of core samples could be
argued to be relatively small. It is difficult to generalise about cuttings piles,
given the different drilling regimes, environmental conditions and the non-
uniform changes in drilling mud composition over the years, from water-based
muds (WBM), to oil-based muds (OBM), to synthetic-based muds (SBM).
Throughout the decision-making process there will be areas of considerable
uncertainty that will need to be managed appropriately. Sometimes there may be
the luxury of time to develop the knowledge required. At other times decisions
will need to be made using only partial information.

• The fate of cuttings piles cannot be resolved separately from the fate of
decommissioned platforms. It matters very much whose interests are affected by
the various options, the relative distribution of ‘real’ and ‘perceived’ risks and
benefits, and how any clashes of interest are resolved.

• The debate could possibly move into wider arenas, perhaps encompassing
financial ‘offsets’ which concern the potential benefit of spending money on
other, well-defined environmental problems, rather than the ‘problem’ of cuttings
piles. Similarly attempts may be made by some stakeholders to refocus the debate
to include wider industry-related, but not specific cuttings pile issues, such as the
role of multinational companies generally.
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3. THE DRILL CUTTINGS PILE AT NORTH WEST
HUTTON

3.1 Introduction

The Hutton field was discovered in 1975. Development at North West Hutton
began in 1979, and production commenced in 1983. In total, 17 exploration and 51
production wells have been drilled. North West Hutton, situated in the northern
North Sea, has accumulated one of the largest drill cuttings piles in the North Sea,
25 225 m3 (Cordah, 1998).

In 1992, a survey using side scan sonar was conducted to map the pile
location and volume, and core samples were collected to examine pile contents and
structure. The survey also included a transect extending 5 km from the pile to
examine contamination and ecological impacts. This level of surveying appears to be
relatively uncommon. Such information is needed to develop assessments of
environmental impact and safety risk assessments, which can be used to underpin
future decisions on the appropriate management of cuttings piles.

3.2 Description of the North West Hutton Cuttings Pile

In addition to side scan sonar and samples of the surrounding sediment, five
core samples were taken in the 1992 survey to a maximum depth of 2.35 m into the
pile. These were located 10-30 m from the platform itself (Brown and Root, 1992).
There is some uncertainty about resulting figures on chemical composition and
physical properties of the pile from these samples. This is due to the limited number
of cores taken, their location (all were outside the actual jacket), and the lack of up-
to-date information. A follow-up survey of NWH was carried out in 1997. The
results of this survey were not available in time for inclusion in this report but
should, in time, provide potentially useful insights into how the pile has changed
over time.
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 Table 3-1 – Key parameters of North West Hutton cuttings pile

Attribute Value Source

Height Maximum 5.6 m. 1992 Survey

Footprint 120 m diameter (though no distinct
‘edges’). Roughly circular

1992 Survey

Volume 25 225 m
3 Side-scan sonar survey

1992

Slope 13º (Average) 1992 Survey

Specific Gravity 1.67 (Average; see section above) 1992 Survey

Mass 42 126 tonnes (assuming a specific
gravity of 1.67)

Calculated from 1992
Survey data

Shear strength 2- 6 kPa (surface to 50cm into pile) Core samples, 1992

Sediment Particle
Size

14 µm to 507 µm mean diameter.
Fine silt to coarse sand (Wentworth
Index)

Core samples, 1992
survey

Water content 45% (Mean; see section below) 1992 Survey

Hydrocarbon
Concentrations

78 µg/g-74 mg/g (78-74 000ppm) Core samples 1992
survey

Oil Type Fresh Diesel, Weathered Diesel,
Weathered Low –Toxicity oil.

Core samples 1992
Survey

Composition of
discharges

Water-based mud 8 700 m3

Diesel-based mud 5 700 m3

Low-toxicity kerosene based mud
13 100 m3

Hartley & Watson
(1993)

Heavy Metals (see section below) Core samples 1992

Sediment Characteristics
In terms of the general sedimentological nature of material from cuttings

piles, some samples of cuttings material have characteristics very different from
standard marine sediments. This clearly has an important implication for any
subsequent modelling exercise. Shear strength is a measure of hardness of the
sediment. This gives an indication of the presence of any compaction of the pile.
Values of around 20 kPa (kilo-pascals) represent very soft sediments, values of
150 kPa medium and >400 kPa represents hard sediments. Values of core samples
from the NWH pile measured from the surface to 50 cm deep ranged from 2-6 kPa.
These data have been confirmed by our own observations and geotechnical
measurements taken on undisturbed megacore samples during a recent (1999) survey
around NWH. From these samples the pile can be described as having a very soft
‘slurry-like’ outer layer. This finding opposes some of the conventional wisdom that
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cuttings piles were encased in a crust and is supported by research into other cuttings
piles (Cordah, 1998).

Water content
The mean water content (moisture) is 45%, the upper 95% limit is 54%, and

the lower limit is 37% (by weight). There is a much greater variation in water content
than for density, but also a strong negative correlation with density.

Hydrocarbon concentrations
The five core samples were tested at varying depths for hydrocarbon

concentrations. Combined, these core samples give a rough, but nevertheless useful,
indication of total oil contained in the pile. Figures range from 0.25 to 7.4%. The
range of concentrations found indicates the heterogeneous and stratified nature of the
pile contents. This is illustrated in Appendix 1.

Oil type
The type of oil present in the core samples of the pile was analysed using Gas

Liquid Chromatography (GLC). Comparisons were made with two reference base
oils used at NWH; EMD-4 000 and IL-3 000. Hydrocarbons were identified as fresh
or weathered diesel or weathered low-toxicity oil. All cores followed a similar trend
of weathered diesel at the lowest layers, followed by less weathered diesel, followed
by low-toxicity oil which became increasingly weathered closer to the surface of the
pile. This mirrors the changes in OBM use from diesel to low-toxicity.

It is important to know what types of oil are contained in the cuttings pile.
This information will underpin any assessment of the toxicity of the pile. Core
sample analyses can be compared with information on the composition of discharges
from the drilling records, which name and quantify the specific drilling mud systems
used. The accuracy of drilling records is highly variable and therefore resulting
figures from such an analysis do not necessarily provide the total quantities. They
can however give a useful indication of the likely magnitude of the various
discharges.

Quantity of oil contained in the pile.
A very rough estimate of the oil content of the North West Hutton pile can be

made using the measured volume, the average specific gravity and hydrocarbon
concentrations in the core samples. The pile mass is 25 225 x 1.67 = 42 126 tonnes.
The average oil content from 15 test points in the five cores is 3.49%. The total pile
oil content is therefore estimated to be 42 126 x 0.0349 = 1 470 tonnes of oil.

This estimate does not take into account the heterogeneity of the pile or likely
concentrations indicated from discharges records. An estimated 25% -50% of the
discharged material is not contained in the pile due to material lost on the way down
and redistribution of sediment (ALTRA, 1996). A more accurate analysis can only be
provided by carrying out further sampling of the pile itself. Initial analysis of the
drilling discharges was attempted to show what was actually discharged from the
platform; the specific oil content of the various muds; and estimations/modelling of
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the amount and type of material lost. A rough estimate of diesel/low-toxicity mud
was calculated from the known ratio in discharges. However, the drilling records
were considered too unreliable to be of any great value.

Using the estimates of low-toxicity and diesel-based cuttings discharged; a
total of 18 800 m3 of oil-based cuttings were discharged, 5 700 m3 with diesel and
13 100 m3 with low-toxicity base oil. Thus of the total oil on cuttings discharged the
ratio would be 30.3% diesel and 69.7% low-toxicity oil. Using this assumed ratio the
quantities of diesel and low-toxicity base oil in the pile, are 445 tonnes of diesel and
1 025 tonnes of low-toxicity oil. However, this is a very speculative estimate.

Average and worst-case scenarios for the estimates of oil content in the North
West Hutton cuttings pile are shown in Table 3-2. The average estimate uses the
3.49% figure and the worst case uses the figure of 7.4%, the highest value found in
the core samples.

Table 3-2: Estimates for North West Hutton cuttings pile oil content:

Average Worst

% oil content 3.49 7.4

Diesel (tonnes) 445 944

Low-toxicity oil (tonnes) 1 025 2 173

Total Oil (tonnes) 1 470 3 117

The 1992 survey comments that oil content decreases with depth. This could
be due to the differences in stratification in the pile, as overall oil content would be
expected to increase with depth, due to weathering and biodegradation at the surface
layers. There is also the possibility that the stratification reflects the drilling history
(see also Neustadt et al., 1995). Core 2 indicates that there may have been three
periods of heavy oil discharge, corresponding to depths 20-50 cm, 150 cm and
200 cm. However, given the small number of samples, the indications to this effect
are only suggestive.

Ideally, it would be possible to model oil distribution within the pile, given a
knowledge of drilling history and some idea of dispersion patterns. Cordah (1998)
comment that the major factor in dispersion is actually the physical layout of the
discharge chutes and other related equipment. However, information on the North
West Hutton cuttings discharge apparatus and procedures was not made available in
time for this report. Specialist knowledge of the type displayed in various U.S. Army
Corps of Engineer reports (for example, Johnson, 1990) would also be required.

Whether for modelling or better estimation of the contents of the cuttings
pile, more core samples are needed. The samples should be taken from inside the
‘footprint’ of the platform, as well as outside, and penetrate the sediments to a
sufficient depth to detect any vertical heterogeneity, though the technical difficulties
of achieving this are considerable. It is understood that the 1997 survey included core
sampling, though not within the footprint of the platform.
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Metals
North West Hutton is one of only seven piles surveyed for metals in the

North Sea. Table 3-3 gives details of the levels of metals identified from the 1992
survey of the North West Hutton pile. Metals sampled at North West Hutton were
barium (Ba), cadmium (Cd), copper (Cu), iron (Fe), manganese (Mn), mercury (Hg),
nickel (Ni) lead (Pb) and zinc (Zn). All these metals except mercury are potentially
bioavailable.

Table 3-3: The range of estimates for North West Hutton cuttings pile metals
content

Metal Lowest total
concn

(µg/g) (ppm)

Highest total
concn

(µg/g) (ppm)

Lowest bio-
available
concn (µg/g)
(ppm)

Highest bio-
available
concn (µg/g)
(ppm)

Barium 123 2778 75 507

Cadmium 5 6 <1 7

Copper <1 110 <1 8

Iron 2 790 19 490 223 3 050

Manganese 69 1263 2 31

Mercury <0.02 0.45 NA NA

Nickel 1 49 <1 4

Lead 2 313 <1 4

Zinc 2 435 <1 17

(Source: AURIS, 1992)

Note: the maximum figure for mercury was obtained at 100 cm on Core no. 2 (the nearest to the
platform).

Other work on the leaching of metals from the North West Hutton pile has
been carried out by Dunstaffnage Marine Laboratory, and indicates concentrations of
metal in sediment porewater of up to 90 parts per billion (ppb) for arsenic and 70 ppb
for nickel (Edwards 1998). These results, although preliminary, indicate that leaching
of metals from the pile to the water column is occurring. These concentrations of
metals in water immediately above the pile are high, well above the UK
environmental quality standards of 25 ppb for arsenic and 30 ppb for nickel. This
study has gone some way to establishing that metals are not contained within piles.
There are clear implications requiring further research into impacts on marine life -
though relatively little is known about the relationships between metal content of
piles, leaching, and ecological impacts.
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Other contaminants

Radioactivity / Low Specific Activity (LSA) scale
The pile contains higher concentrations of radioisotopes than the surrounding

seabed as a result of discharges of Low Specific Activity (LSA) scale and
radioisotopes present in the cuttings. There are some data on levels of radioactivity
from a towed gamma spectrometer survey carried out as part of the 1992 survey. The
radioactivity is derived from the rock formation (NORM- Naturally Occurring
Radioactive Material) rather than being introduced in the drilling muds, but
nevertheless is an issue which may give rise to public concerns during the
consultation on disposal options. Gamma activity of cuttings is roughly twice that of
the surrounding seabed (Roberts and Jones, 1993).  The environmental and human
health risks of this will be small relative to dosages from natural radioactivity and
discharges of radioactive waste from land based sources.

Alkyl-Phenol Ethoxylates (APEs) and other chemicals
Other possible chemical components present in drill cuttings piles are

biocides and oestrogenic chemicals such as APEs, from drilling mud additives. These
were not assessed in the 1992 survey. However, some material collected during the
1997 survey is being analysed for alkyl-phenols.

3.3 Relative Significance of the North West Hutton Cuttings Pile

Significance can only be considered in context. Continuing discharges of drill
cuttings are no longer a major source of hydrocarbon input to the North Sea.
Regionally, the impact of drill cuttings in the East Shetland Basin is relatively large.
Drill cuttings have been reported as the largest contributor of hydrocarbons in
Subregion 1 (NSTF, 1993b). There is widespread low-level background
contamination present in the East Shetland Basin; 4 ppm in sediment. This reflects
the long-term impacts of exploration and production in the area (Stagg and McIntosh,
1996; Davies and Kingston, 1992; Auris, 1992).

In the North Sea, cuttings piles are a store or repository of contaminants of
hydrocarbons, heavy metals and possibly other chemical toxins. The total quantities
of the contaminants in question are unknown, as relatively few piles have been
assessed for their contents (Cordah, 1998). Much of the knowledge to date on the
total contents is based on these seven more detailed surveys.

To assess the relative importance of cuttings piles in the North Sea, there are
two main issues to be investigated;

• The contaminant contents of all piles, including hydrocarbons, heavy
metals and chemical additives; and

• The extent to which contaminants are contained within the pile or are
leaching into the surrounding water column or being distributed due to re-
suspension of sediment.



Centre for Environmental Risk

5656

North West Hutton may be the first large platform of its kind to be
decommissioned. A strategic management response to the North West Hutton drill
cuttings pile would therefore be to treat it as a precedent for the others. In this sense,
the North West Hutton cuttings pile is highly significant.

Work to date addressing the two issues above has been carried out on the
North West Hutton pile itself. The contents of the pile have been assessed using a
small number of core samples. A more comprehensive picture of the contents could
be established by further core sampling and an audit of what was disposed into the
water column, by examination of the drilling records. However, this is problematic as
the drilling records are not considered to be sufficiently reliable for this purpose.

The question of leaching has been addressed by work carried out at
Dunstaffnage Marine Laboratory though no reports were available at the time of
writing. Preliminary results indicate that heavy metals are leaching from the pile
(Edwards, 1998), though no work on leaching of hydrocarbons from the pile has yet
been carried out. No assessment of chemical additives likely to be in the pile has
been made though analyses of samples for alkyl phenol ethoxylates, taken as part of
the 1997 survey, detected APEs 100 m from the pile. More detailed assessment of
the ecotoxicity of material in the pile is required. Estimation of ecological risks from
any management option cannot be made without such an assessment.
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4. REVIEW OF LITERATURE AND METHODS

Introduction
This chapter reviews the relevant published and where possible unpublished

literature on marine ecological impacts, energy analyses, emissions, and health risk
and safety assessment. The former areas are central to this report. The latter is
included where relevant to the management of issues highlighted in the review. This
is intended to highlight pertinent health and safety issues for the interested lay reader
rather than provide an in-depth review. The bulk of this chapter deals with marine
ecological impacts. It describes how impacts are measured as well as the nature and
range of impacts identified in the literature. The latter sections deal with energy
analyses, emissions and relevant health and safety issues. Though these are not
covered in great depth key issues are identified and relevant literature cited.

The aim of the review is to bring together in one section the available
knowledge on environmental aspects of managing cuttings piles. It should be noted
that this review has been conducted from a position largely outside the industry. That
much grey literature exists within the industry and much relevant expertise is held
there is beyond doubt. The challenge has been, and remains, how to access this
effectively. Establishing the current state of knowledge about these issues is clearly
crucial to the discussion of the options in subsequent chapters.

4.1 Marine Ecological Impacts  

Introduction
This section of the report reviews previous work on the ecological impacts of

drill cuttings. The main area of research to date has been on the macrobenthos,
benthic organisms >0.5 mm. There is a relatively substantial amount of literature
available on the impacts of drill cuttings on this group. By comparison, a relatively
sparse amount of research has been carried out on the effects on other organisms,
such as the meiofauna (organisms <0.5 mm), fish and micro-organisms. Research in
these latter areas is reviewed in order to understand more fully the range of possible
impacts that would need to be assessed in a full analysis of the ecological risks from
the NWH cuttings pile.

Studies on the macrobenthos were reviewed with the additional aim of
establishing threshold values of hydrocarbon contamination from cuttings piles
which are the main cause of the range of observed impacts on the macrobenthos.
Toxicological studies are reviewed in order to compare knowledge on threshold
values from laboratory based and field studies. Typically, laboratory based studies
are carried out in controlled conditions, are fairly precise and can differ from
threshold values for impacts observed in the field. Threshold values can be used to
help predict the scale and spatial extent of impacts from management options for
cuttings piles.
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Detecting ecological impacts
In examining the ecological impacts of drill cuttings it is important to

understand what is measured and why. The following introductory sections explain
the analytical methods used in detecting ecological impacts, the theory behind their
use, and how these methods of monitoring are related to environmental protection
policy in the North Sea. The relationships between impacts and monitoring are
complex. For example, the impacts of pre-existing discharges can be assessed
retrospectively using environmental monitoring. However, discharge consents and
Environmental Quality Standards (EQSs) are sometimes set prospectively to prevent
releases of substances in quantities likely to have an impact on the marine
environment. Environmental regulation in UK waters and elsewhere uses both
approaches.

In practice these two approaches are interlinked, each providing feedback for
the other. Concentrations shown to have an effect by biological monitoring can
provide information for setting discharge limits. If discharge or quality standards are
exceeded, this indicates effects are likely to be observed. Both the prospective and
retrospective approaches are addressed in our assessment of the ecological impacts of
the management options for the NWH cuttings pile.

Assessing impacts of drill cuttings;- Monitoring biological effects
Biological monitoring, as well as being retrospective, is also the most useful

means of assessing effects of mixtures of contaminants such as those present within
drill cuttings piles. This approach has therefore been the focus of work examining the
environmental impacts of drill cuttings piles.

The impacts of drill cuttings on biodiversity have been monitored using a
range of methodologies and criteria. Of the biological impacts studied to date,
impacts on the benthos have been the most extensively monitored. The benthos are
surveyed using grab samplers, to collect samples of the seabed sediment and the
organisms contained within it. Samples are taken over a grid covering the area of
contamination, or along transects following the direction of the main current, and
hence the distribution of material. Species are identified and counted. Changes in the
community are then often assessed using measures such as the number of species
present (species richness) or measures of diversity, such as the Shannon-Weiner
Index (Hs) which takes into account relative abundance of species as well. The theory
behind their use is based on the premise that communities with high diversity are
undergoing less environmental stress than those with low diversity, (Kingston, 1992)
which are suffering adverse effects resulting in fewer individuals and fewer species.

Reductions in diversity represent an overall impoverishment of a community
(an impact on biodiversity) and as such they are usually regarded as detrimental
effects (Warwick and Clarke, 1991). Reduced equitability, (the distribution of
individuals among species), also leads to reduced diversity, though the number of
species may not change. Diversity indices also detect these effects. Reduced diversity
is taken to be indicative of an environmental impact on the community. These
univariate methods of analysis were used by most studies reviewed in this report (see
for example, Davies et al., 1984; Addy et al., 1984; Mair et al., 1987; AURIS, 1992).
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However, there are problems with the use of diversity indices, which have
implications for the validity of conclusions drawn in previous work on drill cuttings.
Diversity indices lack sensitivity and do not provide indication of how actual species
are being affected (Warwick and Clarke 1991). For example, in a community of 22
species, the elimination of two species due to direct or indirect effects of
contamination represents an environmental impact. However, if these species were
replaced by two species more tolerant of contamination, this change would not show
up in a diversity index or count of species number. It would therefore appear as if no
effect has occurred.  Natural communities vary and change over time.  Examining
which species are changing (e.g. change from a sensitive species to a very pollution
tolerant species) can help in determining which changes are due to the impacts of
pollution. Univariate methods alone are thus inadequate to determine these effects.
Examination of species composition is also required.

Detection of more subtle effects or of the beginnings of effects has also been
possible by more sophisticated analytical techniques such as the use of multivariate
statistics (Gray et al., 1990) and these methods have been used on data from NWH.
Reduced diversity is usually regarded as a detrimental response. According to some
authors, the beginnings of effects detected by more sensitive techniques present more
of a problem in terms of whether they are regarded as a detrimental effect or not.
This is because they are indicative of community change rather than of a clear
overall impoverishment, which can be difficult to interpret in terms of value
judgements (Warwick and Clarke, 1991). The significance of changes in individual
species has been considered debatable. The question becomes one of which attributes
of the ecosystem require protecting? Diversity alone or individual species? For
example, Amphiura filiformis appears to be particularly sensitive to hydrocarbons. It
is an important food source for fish such as dab and sole, (Olsgard and Gray, 1995)
and thus has ecological significance due to its place in the food chain. Significant
reductions in an individual species represent a reduction in biodiversity and are thus
an environmental impact.  The question of whether an environmental impact such as
this or any other is considered significant by policy makers and other interested
parties contains an important value judgement issue rather than being a wholly
scientific question. The science behind understanding environmental impacts can
play an important part in contributing to any overall decision and so is discussed in
more detail below. Value judgement issues associated with comparative assessment
are discussed in Chapter 15.

A number of other methods have been used to detect sublethal effects of
hydrocarbons and other contaminants. In laboratory experiments, exposure of fish to
hydrocarbons leads to an elevation of levels of an enzyme, ethoxyresorufin-O-
deethylase, (EROD), which breaks down complex organic molecules. This has been
used with varying success to assess the extent to which field populations have been
exposed to hydrocarbon contamination. The elevation of EROD concentrations in
fish is a response to environmental exposure to hydrocarbons, indicating they are
present in concentrations capable of exerting biological effects (NSQSR, 1993) but is
not in itself indicative of ecological effects.

Rather closer to ecological effects is the measurement called ‘Scope for
Growth’. (Bayne et al., 1979). For example, if individual mussels are exposed to
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contaminants, they may increase their respiration rate and/or decrease their feeding
rate, leading to a reduction in surplus energy available for growth. This parameter
can be readily measured in the laboratory and if scope for growth is depressed in a
field population for a period of time it will be reflected in reduced individual growth
rates and therefore in ecological effects. One study (Widdows et al., 1995) has
shown that ‘Scope for Growth’ is reduced throughout much of the southern North
Sea, and hydrocarbons have tentatively been identified as one of the causes of this
reduction.

Ecological impacts, science and acceptability
The previous sections describe the scientific methods used to assess marine

environmental impacts. The relationship of these methods to policy development and
the setting of environmental quality standards is complex. Science can measure an
impact on the diversity of an area of seabed but whether this impact is deemed to be
acceptable or whether a form of protection policy is deemed to be required is a
question of value judgement and is not a scientific question. Section 2.16 describes
current thinking in the international policy arena on the aims of environmental
protection in the marine environment, which again is not a question of science alone.
In terms of these aims, it would appear likely that impacts on diversity would not be
acceptable if protection policy is aimed at maintaining biodiversity, but impacts on a
smaller scale maybe more politically acceptable. However, this is not to say that this
is correct, only that it appears likely in terms of international policy making. A
higher level of impact may be acceptable to some, or further scientific knowledge
may point to lower level impacts being equally as important and therefore less
acceptable (a possibility addressed by the application of the Precautionary principle).

For this reason, this report categorises effects and the corresponding
contamination levels on a scale of impact. The level of impact from cuttings piles
accepted in the future and consolidated into policy on the management of cutting
piles, is as yet unresolved. In an age where public values are becoming more central
to environmental standard setting opening up of the issue to consultation is likely to
be a route taken in the future by BP-Amoco and other companies through UKOOA
with cuttings piles in the North Sea. The role of this report is to present the scientific
information on which judgements can be made and thus contribute to the overall
debate on how best to manage cuttings piles.

Assessing impacts of drill cuttings;-Threshold values and environmental
quality standards

Though retrospective studies have previously been the focus of work on drill
cuttings piles, prospective standards for the most toxic fractions present in drill
cuttings piles are currently being developed. Environmental quality standards
applicable to sediment around drill cuttings piles are likely to be set in the future.

“Chemical contaminant standards set by OSPAR to afford protection of the
North Sea, are…concentration levels below which no harm to the marine
environment is expected”

(OSPAR, 1994a)
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Work on toxicity of hydrocarbons in water and sediment has been examined
in order to set standards - for examples see work by OSPAR (1994a) and for the
Dutch Ministry of the Environment (Kalf et al., 1997). The approach taken in this
report has been to examine the literature on the toxicity of substances within drill
cuttings piles, and to compare this with threshold values established from a review of
literature on observed effects in the field: the ultimate aim being to have information
relevant to predicting effects in advance. The major limitation to any predictive study
is the relationship between concentrations in sediment and actual exposure to
organisms. Even when concentrations in sediment are known or predicted, the
question of overall exposure is unresolved. Further study in this area is required and
this is discussed in the recommendations section of this report.

In this investigation of ecological impacts from drill cuttings piles,
hydrocarbons have been considered to be the main cause of ecological impact as
much of the documented evidence suggests this to be the case. Thus, threshold values
of hydrocarbons causing effects in the field and their toxicity have been investigated.
However, there are other factors which could cause some of the observed effects
from drill cuttings piles, such as the physical impact of smothering, changes in
sediment grain size, organic enrichment and other possibly toxic components of
drilling muds. Clearly, the focus on hydrocarbons in this report does not mean these
factors are excluded as possible causes.

4.2 Environmental Impacts of Drill Cuttings on the Macrobenthos

This section reviews literature on the impacts of drill cuttings on the
macrobenthos of the North Sea. The effects on these organisms are the most
extensively researched aspect of the ecological impacts of drill cuttings, and provide
the most detailed information on threshold values for effects in the field. The
macrobenthos, organisms >0.5 mm, are divided into the epifauna, which live on the
surface of the seabed and the infauna which live within the seabed sediment.
Epifauna include bivalves and deep water prawns. The infauna include polychaete
worms and bivalves.

In the central and northern North Sea the seabed surrounding platforms is
likely to be the major sink for contamination from drill cuttings. The macrobenthos
inhabit this region, and are therefore at risk from drill cuttings contamination. They
are vulnerable to its effects, as many are relatively immobile. Monitoring the effects
of drill cuttings has consequently focused on changes in macrobenthic communities
(Kingston, 1992). All of the major studies accessible to the research team are
reviewed with the following aims:

• To establish the lowest level of hydrocarbon contamination associated
with ecological effects;

• To document knowledge to date on the spatial extent of effects;

• To critically assess the studies, in order to examine the validity of
conclusions about spatial extent and contamination levels; and
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• To identify gaps in the knowledge and recommend further research.

Threshold concentrations of hydrocarbons for ecological effects
There is no standard method for determining total hydrocarbons in marine sediments.
Possible analytical methods include Total Organic Extractables, UV- fluorescence
(which may be calibrated using a ‘standard’ crude oil or a single PAH such as
chrysene) or calculated by integrating over GC traces. There is no standard
interconversion between the different measurements which introduces further
uncertainties into these thresholds although some studies have reported site specific
interconversions between different measurements (M-Scan, 1998). There is also no
generally accepted agreement on how to determine the toxicological significance of
measurements that represent an aggregate concentration of complex mixtures of
many different compounds. With this in mind the available literature on field studies
of effects on the macrobenthos in the North Sea was reviewed. Effects were
categorised into 5 impacts (Table 4-1), and hydrocarbon concentrations associated
with each category of impact were identified. Papers varied in their approaches.
Some authors explicitly identified hydrocarbon values which were related to the
effects categories used in this report, others did not. Where they were not described
within the paper, the data were examined to determine where effects such as reduced
diversity were evident and the corresponding values of hydrocarbon concentrations
were noted.

Categories of impact, in descending order of scale, were examined. These are
illustrated in Table 4-1.

Table 4-1 Categories of ecological impact

Category of Effect Explanation

1. No macrofauna present Can occur actually on the pile,
particularly when material is freshly
discharged.

2. Opportunists prevalent, low
diversity.

Community dominated by large numbers
of small polychaetes such as Capitella
capitata, which are indicative of
pollution response.

3. Reduced diversity Overall impoverishment of community,
represents quite a severe impact.

4. Change in community composition Change in presence/absence or relative
abundance of particular species. Effect
not detected by analysing diversity
alone.

5. No effect Hydrocarbon contamination may or may
not exist, but no detectable ecological
effects are present.
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Summary results are given in Table 4-2 in ascending order of concentrations
associated with reduced diversity. Detailed results are given in Appendix 8. Several
studies have documented the presence of invertebrates on cuttings piles, even when
sediments are very contaminated. As we are most interested in identifying threshold
concentrations at which effects occur, we do not examine category 1 in detail.
Reduced diversity was chosen as it represents the lowest level of impacts where
effects due to contamination are relatively undisputed. In addition, reduced diversity
is likely to be significant in terms of policy making and value judgements (see
sections 2.16 and 4.1). For more subtle impacts such as community change, there is
more contention as to the cause of the impact and its significance.

Table 4-2: Lowest Observed Effect Concentrations from North Sea studies

Opportunists
Prevalent

(Category 2)

Reduced
Diversity

(Category 3)

Change in
Community
Composition

(Category 4)

Reference

2.6-3.4 ppm Davies (1989)

132.6±43.4
ppm

0.8±0.2 ppm Olsgard and Gray (1995)

10 ppm 0.1 ppm Naphthalene Davies et al., (1984)

291-677 ppm 10.6-11.5
ppm

2.3-5.5 ppm Mair et al., (1987)

10-99 ppm Reiersen et al., (1989)

31.5-70.1 ppm 12.2-110
ppm

8.2-27.1 ppm Gray et al., (1990)

14 ppm Daan et al.,(1994)

22 –23 ppm Kingston (1987)

50-60 ppm 10 ppm Kingston (1992)

60 ppm 10 ppm Davies and Kingston
(1992)

80 ppm 6.5 ppm Daan and Mulder (1996)

425 ppm TOE
6.1 ppm
aromatics

109 ppm
TOE 0.2 ppm
aromatics

Addy et al., (1984)

(Values are Total Hydrocarbon Concentrations except where specified). (TOE = Total Organic
Extractables)

For the effects examined in this review, the final threshold values determined
are shown in Table 4-3.
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Table 4-3 Threshold values for ecological effects based on North Sea studies

Opportunists Prevalent Reduced Diversity Change In Community
Composition

31-291 ppm 3-109 ppm 0.8-10 ppm

Spatial extent of effects.
The spatial extent of effects is of importance when considering the

significance of the overall impact of drill cuttings piles. In early work by Davies et
al. (1984) the pattern and extent of effects was described in terms of the zones
outlined in Table 4-4.

Table 4-4 Zones of ecological effects around drilling platforms proposed by
Davies et al., (1984).

ZONE Maximum
extent

Sediment Chemistry Effects on Macrobenthos

I 0-500 m  Hydrocarbon Levels
‘High’ >=1000 times
‘background’

Sediments largely
anaerobic.

Impoverished and highly
modified benthic
community. Beneath and
very close to the platform
the seabed can consist of
cuttings with no benthic
fauna.

II 200 m-
2 km

Above Background;

10-700 times background

Transition zone in benthic
community structure.

III 800 m-
4 km

Hydrocarbon levels return
to background.

No benthic effects
detected.

IV No elevation of
hydrocarbons above
background.

No benthic effects.

(Source: Davies et al., 1984)

The Paris Commission Working Group on Oil Pollution produced some
‘agreed facts’ in 1985. Among these facts is a general consensus that effects were
usually limited to within 1 km, at most, though with greater currents and more
extensive drilling this delineation may be extended 2 km in the direction of greatest
water movement (Davies et al., 1989).

Zone I, in Davies’ work corresponds to our category 1 and 2.  Zone II in
Davies’ work corresponds to Category 3 in this review. In later years effects were
investigated in terms of reduced diversity and changes in community composition.
Changes in methodology led to changes in the pattern of effects and spatial extent
detected. In effect, at some sites, which Davies placed in Zone III, it would now be
recognised that there are subtle effects on community composition. The categories of



Centre for Environmental Risk

65

effect that were reviewed reflect this development. Data on the concentration and
extent to which these categories of effect occur are summarised in Appendix 8.

Effects were described as being within 1 km of the platform by all papers up
to 1989. Reiersen et al. (1989) was the first study to detect effects beyond this,
reduced diversity was detected out to 5 km from the Statfjord C platform in the
Norwegian sector. In this report’s analysis of papers prior to 1989, reduced diversity
was found as far as out as 2 km in Davies et al., (1984). These papers all used
univariate measures of effects such as diversity indices.

The more subtle effect of change in community composition, was found out
to 2 km (Mair et al., 1987) and 1 200 m (Davies and Kingston, 1989). The biggest
advance in techniques for analysing effects on the macrobenthos came with the
application of multivariate analyses. Gray et al., (1990) and Olsgard and Gray
(1995), applied multivariate techniques and found changes in community
composition out to 5 km and 6 km respectively. This highlights the important effect
choice of methodology has on the detection of ecological impacts. Given that the
distance between platforms can often be less than 12 km, overlap between areas of
contamination is possible (Olsgard and Gray, 1995).

In some cases effects are evident at very low concentrations which has led
authors to propose that effects are not due mainly to hydrocarbon pollution
(Kingston, 1992; Davies and Kingston, 1992). Environmental variables are often
correlated and the strongest relationship is not always with hydrocarbons, for
example at Veslefrikk, where effects were most strongly correlated with heavy metal
concentrations (Olsgard and Gray, 1995).

The ecological effects of drill cuttings have also been examined in the Gulf of
Mexico, including a co-ordinated study known as the “Gulf of Mexico Offshore
Operations Monitoring Experiment”, GOOMEX (Kennicutt et al., 1996). This
examined ecological effects around five drilling sites, using chemical measurements
of contamination, ecological surveys of meiofauna and macrofauna, some
examination of physiological and biochemical indicators of stress in fish and toxicity
testing on sediment porewaters.

The detectable ecological effects around these drilling sites extended only to
between 100 and 200 m from the central platform. This contrasts with the much
larger area of impact at North Sea sites where oil based muds were used (in addition
to WBM), and was attributed to the use of water based muds only at the Gulf of
Mexico sites (Montagna and Harper, 1996; Peterson et al., 1996). At a number of
sampling sites close to platforms, sediment porewaters were toxic to sea urchin
larvae, polychaetes and copepods (Carr et al., 1996). These authors considered that
this toxicity was due to metals dissolved in porewaters, and porewater metal
concentrations were often higher than USEPA guidelines. The metals were assumed
to be derived from impurities present in the barite used in drilling muds (Peterson et
al., 1996). The metal concentrations in sediments where this porewater toxicity was
observed were very high (up to 10 500� J�J-1 Zn; 262 500� J�J-1 Ba), well in excess
of concentrations found in sediments around NWH.
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This review shows that three key areas need to be investigated to develop a
better understanding of the cause/effect relationship between hydrocarbons and
ecological effects.

• The actual dose of hydrocarbons causing effects. This is examined in the
review of toxicity testing data, Section 4.3 and Appendix 9 in this report.

• The relationship between the concentration in sediment and exposure to
organisms is not well defined. The Equilibrium Partitioning Method has
been proposed and has been used in setting sediment standards by the
Dutch Ministry of the Environment and the US Environmental Protection
Agency. However, OSPAR express reservations about its use for
substances with log Kow

9 greater than 5. Moreover, Kane-Driscoll (1998)
found that this approach overestimated toxicity.

• The possibility of alternative factors or additional contaminants having an
effect. Drilling discharges contain a mixture of possible contaminants and
could also have an impact on ecology through physical effects such as
smothering and change in sediment grain size.

These areas are examined in subsequent sections and revisited in the
conclusions and recommendations of this report.

4.3 Review of Literature on Toxicity Testing of Hydrocarbons

The aim of this section is to summarise what is currently achievable using the
prospective approach to predicting the ecological impacts of hydrocarbons in the
marine environment. This approach takes data on the toxicity of hydrocarbons in the
laboratory and seeks to use these to provide threshold values for effects of
hydrocarbons, and oil-based drilling muds specifically, on biota. Ideally one would
wish for a clear relationship between these thresholds and the threshold values
obtained from the review of literature on effects in the field. However, this is not
realistic though data from these two sources (laboratory and field observations) can
be combined to provide a reasonable indication of the levels at which hydrocarbons
affect the biota and the level at which they do not. Not surprisingly when the data are
collated there is a considerable margin of uncertainty in the estimated threshold
values. Nevertheless, the likely thresholds at which ecological effects may occur can
be established and then combined with predicted levels of contamination from each
management option to assess the likely impact of each option on the biota. The
approach makes the assumption that hydrocarbons are the major cause of ecological
impacts and that synergistic effects with other pollutants can be neglected.

                                                

9 Kow is the octanol:water partition coefficient.  Compounds with a large value for Kow have a high
affinity for organic matter in sediments (and are also very toxic).
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Introduction
In order to determine the level of hydrocarbon contamination at which effects

begin, laboratory based experimental work on the testing of relevant substances
including diesel, drilling muds themselves and specific hydrocarbons has been
reviewed in this section. Proposed Environmental Quality Standards (EQS) for
hydrocarbons in marine sediments (OSPAR, 1994a; Kalf, 1997) in European waters
have also been examined.

Toxicity tests have been carried out on a range of marine organisms which include
species living around NWH or which are representative, primarily closely related
species from the same family. The toxicity of substances is assessed by mortality of
organisms (lethal effect) and by a range of physiological responses (sublethal
effects). The main test endpoints used are detailed in Table 4-5.

Table 4.5. Toxicity test endpoints.

Measure Explanation

LC50 Concentration of toxin causing
mortality in 50% of test organisms
within an allotted time.

EC50 Concentration of toxin causing a
physiological effect in 50% of test
organisms within an allotted time.

Scope for Growth* Reduction in feeding rate and increase
in respiration and other demands on the
energy budget of individuals

Change in respiration* Rate of oxygen consumption. Indicates
stress

Change in feeding rates* Rate of particle removal by filter
feeders. Indicates stress.

Change in clearing rates (bivalves for
example)

Indicates stress.

Increased O2 uptake Same as respiration, indicates stress.

Increased N excretion Measurement of ammonia excretion.
Organism utilising body tissues (protein
based) as metabolic substrate.
Catabolism of proteins indicates stress.

* Note: Change in feeding and respiration rates are combined in the Scope for Growth analysis.
However these can also be analysed separately as an indication of stress induced by toxicity.

Relevance to ecological impacts - Ecotoxicology
The endpoints described above have different relationships to ecological

impacts. Mortality will obviously affect population levels, and alterations in
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populations will alter community composition. For example, in cases where a species
maybe a ‘Keystone’10 species it can alter the structure of a community dramatically.
It is not immediately apparent how sublethal physiological responses have effects on
the marine ecology. In general they are indicative of stress. They may lead to
mortality after long term (chronic) exposure to a toxin, or they may weaken the
organism making it more vulnerable to competition or predation. This will then also
lead to population changes, and effects on community structure. Hyland and
Schneider (1976) note that sublethal responses, typically in the range of 1-10 ppm
will likely produce dramatic population level changes. Thus lethal and sublethal
effects measured in toxicological tests are indicative of impacts or precursors of
impacts on marine ecology. Kalf (1997) recognises that only ecotoxicological effect
criteria, which may affect the species at the population level, are taken into account.
In general these are survival, growth and reproduction.

Toxicology, the study of the adverse effects of chemicals on living
organisms, is generally concerned with the effects of chemicals at the level of the
individual organism or its constituent parts (Forbes and Forbes 1994). Ecotoxicology
is the combination of toxicology with ecology. Thus, ecotoxicology can be defined
as:

“the field of study which integrates the ecological and toxicological effects of
chemical pollutants on populations, communities and ecosystems with the fate
(transport, transformation and breakdown) of such pollutants in the
environment.”

Forbes and Forbes (1994)

The analytical approaches used in the field of ecotoxicology are the most
appropriate for assessing the environmental impacts of the cuttings pile at NWH.
These are explored in the following sections. Further ecotoxicological work is
recommended in the final sections of the report.

Toxicity data tables
Appendix 9 contains tables summarising the following information:

• Data on toxicity of hydrocarbons in sediments, and proposed EQS values
for a number of PAH’s in sediment and;

                                                

10 A ‘Keystone’ species is a species which is critical to the whole structure of a community, or
ecosystem. For example sea otters on the Pacific coast of the USA consume sea urchins, which graze
on algae. Where otters are present, the sea urchin populations are reduced. This allows a variety of
algal species to flourish and results in a dense kelp forest. In the zones where otters do not
forage, below 18-20m, and in areas where they are absent, sea urchins eradicate most algae, except
encrusting species.
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• Data on toxicity of hydrocarbons in water (only a small selection of the
available data)

The following table, (Table 4-6) is a compilation of Lowest Observed Effect
Concentration (LOEC) values from the studies reviewed in Appendix 9.
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Table 4-6: LOEC values

Substance LOEC Sediment LOEC Water Reference

Diesel 25 µg/l (ppb) Okpokwasili and Nnubia (1995)

Crude Oils 7.9 µg/l (ppb) Pelletier et al., (1997)

Fuel Oils 19.5 µg/l (ppb) Pelletier et al., (1997)

Aromatics in Produced Water
(Raw)

0.4 mg/l(ppm) Stromgren et al., 1995)

Soluble Fractions 0.1 ppm O’Clair and Rice (1985)

Toluene 4.3 ppm Neff (1979)

BTX Benzene, Toluene and
Xylene

31µg/l (ppb) Stromgren et al., (1995)

Naphthalene 14 mg/kg (ppm) 0.008 ppm Conversion of Kalf et al.,
(1997) (sed)

Neff (1979) (water)

2-Methylnaphthalene 0.7 ppm Neff (1979)

1-Methylnaphthalene 1.9 ppm Neff (1979)

2,3,6 Trimethylnaphthalene 2 ppm Neff (1979)

Phenanthrene 0.51 mg/kg (ppm) 0.37 ppm Conversion of Kalf et al.,
(1997) (Sed.) Neff (1979)
(water)
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Discussion: Effect/no effect concentrations of hydrocarbons
It can be seen from Table 4-6 and Appendix 9 that there is a range of

concentrations observed to cause effects for most substances. There was little
published data on toxicity testing of oil-based mud itself. Existing studies did not
provide LOEC values. There was little data on toxicity testing of hydrocarbons
within sediments themselves in single species toxicity tests.

The aim of this section is to identify threshold values for effects on marine
biota. This is similar to work on setting environmental quality standards, which have
specific targets such as to afford protection to certain species or to set standards
below which no harm to the marine environment is expected (OSPAR 1994a). In
such assessments a similar approach is used involving the collation of available
evidence, and the application of a safety factor to cover the range of uncertainty
about effects. Larger safety factors are employed where there are greater data gaps
(OSPAR 1994b). To assess these results and the data gaps identified, they are
compared with results of other assessments.

This finding and the aims of this section of the report are similar to that of the
OSPAR workshop ‘Assessment Criteria for Chemical Data of the Joint Monitoring
Programme (JMP)’ held in Scheveningen (Netherlands) 15-17 November 1993. The
aim was to establish guideline concentrations for chemical monitoring of the North-
East Atlantic, concentrations ‘below which no harm to the marine environment is
expected’. These were set for various substances, including PAHs (see Table 4-7).
The workshop collated available data and examined possible future developments in
the research that would fill data gaps. Provisional or firm guidelines were set
according to data availability. For PAHs, all guidelines were provisional due to the
lack of data on toxicity testing, especially in sediment. The lack of data on sediment
tests was also encountered in the North Sea Quality Status Report (NSTF 1993a).
This report recognised the very real need for sensitive in-situ bioassays to measure
sediment toxicity using organisms that normally live in sediments, and noted that this
need had yet to be seriously addressed.

The OSPAR standards or ecological assessment criteria (EAC) serve as
guidelines; concentrations below the minimum value are considered as being in the
‘green zone’, i.e. where no harm is likely to occur, concentrations above these levels
are concentrations where harmful effects are expected, the ‘red zone’. Values within
the range are in the ‘grey zone’, where effects cannot be ruled out.  The EACs were
revised in 1997 and firm guidelines have now been set for some PAHs in sediment.
(Table 4-7).
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Table 4-7 Environmental Guidelines for PAHs

PAH Water (µg/l) Sediment (mg/kg
dw)

Mussel

(mg/kg dw)

Naphthalene 5-50 (f) 0.05-0.5 (f) 0.5-5 (p)

Phenanthrene 0.5-5 (p) 0.1-1 (f) 5-50 (p)

Anthracene 0.001-0.01 (p) 0.05-0.5 (f) 0.005-0.05 (p)

Fluoranthene 0.01-0.1 (p) 0.5-5 (p) 1-10 (p)

Pyrene 0.05-0.5 (p) 0.05-0.5 (p) 1-10 (p)

Benzo[a]anthracene n.d. 0.1-1 (p) n.d.

Chrysene n.d. 0.1-1 (p) n.d.

Benzo[k]fluoranthene n.d. n.d. n.d.

Benzo[a]pyrene 0.01-0.1 (p) 0.1-1 (p) 5-50 (p)

Benzo[ghi]perylene n.d. n.d. n.d.

Indeno[123-c,d]pyrene n.r. n.d. n.d.

(Source: OSPAR 1997)
f = firm,  p = provisional, n.r = not relevant to current monitoring programme,

n.d. = no data available or insufficient data available

These guidelines are used for assessing chemical monitoring data with the
aim of identifying potential areas of concern, however they have no legal
significance. The UK endorses these guidelines, but expresses the cautionary note
that they do not address the complications of bioavailability, long-term field
exposure or contaminant interactions. The lack of data for sediments and the general
gaps in ecologically relevant standards have prompted a range of approaches to
address these gaps.  Other approaches to tackle this problem include the weight of
evidence approach (Macdonald et al., 1996) and mesocosm tests (see section 4.5).
However, there is still an overall lack of sediment bioassay testing and data which
would contribute to environmental quality standards, as found by Kalf (1997). Kalf
(1997) carried out a review of test data in order to establish Maximum Permissible
Concentrations (MPCs) of hydrocarbons for the Dutch Ministry of the Environment.
In order to set MPCs for sediment Kalf also employed the Equilibrium Partitioning
Method although there are some questions about the usefulness of Equilibrium
Partitioning for substances with Kow greater than 5 (Kane-Driscoll 1998). The MPCs
shown in Table 4-8 from the Dutch Ministry of the Environment, employ a safety
factor, (from the USEPA), for testing in water.
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Table 4-8 Maximum Permissible Concentrations and safety factors applied for
PAH in sediment

Substance MPC (sediment)
from E. P.

method

Safety Factor LOEC

Naphthalene 0.14mg/kg 100 14mg/kg

Anthracene 0.12 mg/kg 100 12mg/kg

Phenanthrene 0.51 mg/kg 100 51 mg/kg

Fluoranthene 2.6 mg/kg 1000 2600 mg/kg

Benzo(a)
anthracene

0.36 mg/kg 1000 360 mg/kg

Chrysene 10.7 mg/kg not available

Benzo(a)
fluoranthene

2.4 mg/kg 10 24 mg/kg

Benzo(a) pyrene 2.7 mg/kg 100 270 mg/kg

Benzo(ghi)
perylene

7.5 mg/kg not available

(Source: Kalf, 1997)

The data reviewed in Appendix 9 provide LOECs for specific PAHs and
other components of drilling muds. These are mostly for concentrations in water.
Sediment LOECs are derived on the basis of the equilibrium partitioning method due
to the lack of data. These findings and subsequent approach to filling gaps in the data
has also been followed in other assessments. OSPAR (1994a) report that although
standards set for PAHs are provisional due to data gaps, they are considered useful as
a tool for identifying areas of special concern (OSPAR, 1994a). Thus these standards
and the LOECs identified in Table 4-6 are useful for identifying where there are
potentially problems for marine biota. Further work is necessary to pinpoint
thresholds more accurately. For example, Kingston (1992) disputed that sediment
concentrations of 0.2 ppm (PAH) would be sufficient to have effects on the biota.
However, OSPAR (1994a) give a range of 0.01-0.1 ppm for naphthalene in sediment
where effects cannot be ruled out.  Further work is also needed on assessing the
ecotoxicological significance of mixtures of PAHs.

The lack of data on sediment toxicity is of importance due to the critical
question of the different exposures resulting from concentrations in water and those
in sediment. Concentrations in water are more closely linked to dose received by the
organism (though there is the question of chronic exposure). Hydrocarbons in
sediment are less bioavailable than in water (OSPAR 1994a), but the relationship
between the dose received and the concentrations present in sediment is more
complex. This is because exposure in the environment is irregular, long term and can
occur through multiple exposure routes (e.g. inhalation, ingestion, epithelial contact).
Even if there were more data available on testing of hydrocarbons in sediment, the
question of multiple exposure and chronic exposure would remain.
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Assessment of exposure and ultimately risk is specific to particular groups of
organisms and will be influenced by factors such as lifestyle and sensitivity. For
example, O’Clair and Rice (1985) reported a threshold value of 0.12 ppm (of water
soluble fraction of crude oil) for effects on the sea star Evasterias troscheli. The sea
star is an echinoderm, a group of organisms that are one of the more sensitive to the
effects of oil contamination (Olsgard and Gray, 1995). It is therefore important to
establish at what level they begin to become affected, as this will be a threshold
value for effects on biota.

One area of research that goes some way to addressing all these remaining
questions are mesocosm tests discussed in Section 4.4. These tests are based on small
ecosystems held in various types of containers. They are confined, excised,
assembled or isolated portions of terrestrial or aquatic ecosystems (Calow, 1998).
They are indoor-simulated field studies, which are multi-species tests. This allows
examination of chronic exposure, fate and transport of contaminants providing a
more realistic assessment of what happens to a contaminant in the environment and
its contact with organisms (Calow, ibid.).

Alternative causal variables
As in the review of field data, review of toxicity tests also indicates some

alternative or additional causes of effects of drilling muds on marine biota. Where
tests have been conducted on drilling muds themselves (as opposed to hydrocarbons
alone as in many toxicological studies), these include the possibility of effects caused
by components of the drilling mud other than hydrocarbons. Neustadt (1995) showed
that a significant portion of the toxicity of muds from the NWH cuttings pile was
associated with water soluble components of the mud system.

Applying these data in the field
Results from this review of toxicity testing are still not consolidated enough

to be used to predict ecological effects in the field. The derivation of MAC/EQS
values involves the use of some strong assumptions that are of uncertain accuracy.
They are only available for a very small number of hydrocarbons, and in even fewer
cases are they available for hydrocarbons in sediments. One approach would be to
define the ideal condition for benthic sediments by ensuring that concentrations of all
individual hydrocarbons are below EQS/MATC concentrations. However, this does
not consider those compounds for which no EQS values are available, and neither
does it provide a way of dealing with the unresolved complex mixture. A possible
way of dealing with these problems would be to characterise hydrocarbons using an
approach that is more closely related to toxicity. For hydrocarbons, there is a strong
linear relationship between toxicity and Kow. By use of appropriate analytical
chemistry it is possible to analyse the concentration of hydrocarbons in categories of
their hydrophobicity rather than identifying individual compounds, and QSAR's can
then be used to convert these data into an aggregated measure of toxicity (Verhaar et
al., 1994).

Conclusions- toxicity testing of hydrocarbons in drilling muds
The review found little high quality data in the public domain on toxicity

testing of oil-based mud itself. It appears that much of that work has been completed
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in commercially confidential research and consultancy projects. Available studies did
not provide LOEC values. There was little data on toxicity testing of hydrocarbons
within sediments themselves in single species toxicity tests. Available data and
environmental quality standards identified by other assessors, although provisional,
are considered ‘useful as a tool for identifying areas of special concern’ (OSPAR
1994a).

The questions of chronic exposure, bioavailability, differences in water to
sediment exposures indicate further work is required in the area of assessing impacts
from sediment contamination. Differences in doses received by organisms in
sediment due to their lifestyles, and differences in sensitivity indicate that more
species-specific assessments are required. Mesocosm tests address some gaps in the
data. These are reviewed in the following section.

4.4 Mesocosm Tests

Mesocosm tests have been conducted on sediment enclosures to assess the
impacts of drill cuttings and oil-based mud. These studies of field enclosures or tank
tests have provided useful information on the pattern of impacts over time and the
way in which different groups of species are affected.

Matthiessen and Thain (1989) treated enclosures of sediment in the field with
diesel-based drilling mud. Concentrations were measured as DBM equivalent;
1 000 ppm throughout all layers of the sediment at the start of the experiment. These
equate to concentrations close to platforms (e.g. 400 m from NWH, AURIS 1992).
During the experiment (160 days), the concentration of oil in the top 3 cm of the
sediment decreased to 25 ppm. Concentrations below this remained at roughly 60%
of the starting concentration. Treatments reduced populations of polychaetes and the
amphipod Urothoe poseidonis, which dwells in the lower layers of sediment. Species
in the upper layers appeared not to be significantly affected. Thus impacts vary over
time, by species and according to the distribution of contamination in the sediment.

A similar pattern of decreasing contamination in surface layers was found by
Blackman et al. (1988). The impacts of a diesel-based mud and two alternative base
oil muds with moderate and low aromatic hydrocarbon content, were investigated in
tank tests with initial oil concentrations of 10 000 ppm in sediment. Acute toxicity
was evident in Littorina littorea introduced to the tanks. The initial response was
immobility. This was followed by mortality only in the tank treated with diesel based
mud.  Subsequent tissue analysis for aromatic hydrocarbons from the diesel
treatment and from the alternative base oil treatment with higher aromatic content,
showed high concentrations. GLC analysis confirmed these were from the drilling
muds. Overall numbers of many species were reduced in all treatments compared to
a control, and the greatest reductions were in the diesel tank. The composition of
species settling in the different treatments also varied. There was very little
settlement of molluscs in the diesel and higher aromatic base oil treatments, it was
almost entirely restricted to the control and the low aromatic base oil treatment. The
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authors concluded that re-colonisation is likely to be improved where low aromatic
base oils are used.

Another mesocosm study tested diesel and four low-toxicity oil based muds
and found that:

“In equal oil concentrations diesel and low-toxicity oil-based drilling mud
cuttings have indistinguishable effects on sediment chemistry, but that, even
after 15 months of weathering, diesel- based cuttings are demonstrably more
toxic to benthic fauna.”

Leaver et al., (1987)

These types of studies have been useful in assessing differences in diesel vs.
low-toxicity muds, in establishing changes in contamination due to weathering over
time and identifying how different species may be affected. While these results are
useful in themselves as they identify ecological risks and their possible extent, they
require further development. In addition, while they identify the types of risk that can
assist in future assessments, they do not assist in setting threshold values. To date the
concentrations tested in mesocosms have been in relatively high concentrations,
typical of those close to platforms where the occurrence of effects is established.
Concentrations found further from platforms (>3 km) which are around the threshold
level for effects on the field (1-10 ppm) and which are not conclusively linked to
contamination have not been examined using mesocosm tests. Leaver et al. (1987)
tested hydrocarbon concentrations of 400 ppm on the basis that these were
representative of levels in sediments 400-500 m from platforms in the North Sea.
Hydrocarbon concentrations 400-500 m from NWH however, were 1140-3660 ppm
in 1992 (AURIS 1992).

Minton et al. (1993) assessed effects of four concentrations in mesocosm
experiments on 3 sediment dwelling species Cerastoderma edule, Macoma balthica
and Arenicola marina.  The four concentrations tested were of cuttings treated in
different ways:

Treatment Oil Content
ppm (dry weight)

Uncontaminated cuttings (Sample of ground rock) 0

Untreated oil contaminated cuttings 158 000

Light hydrocarbons extracted 15 000

Thermally processed cuttings 3 000

Cerastoderma edule had mortality three times greater than the controls in the
untreated cuttings (158 000 ppm) tank. Sublethal effects were evident at 158 000
ppm and 15 000ppm. Total mortality of Macoma balthica occurred at 158 000 ppm,
mortality at 15 000 ppm was similar to controls and lower than controls at
3 000 ppm. In Arenicola marina, mortality was close to 100% at 158 000 ppm and
approximately 38% at other concentrations.
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The authors concluded from this study, and parallel work in enclosures, that
there is a threshold for effects of around 1 000 ppm where; ‘the biological impact is
minimal and recovery is rapid’, and that ‘sediment oil concentrations of less than
1000 ppm do not appear to have a long term or significant impact on the benthic
community’. However this result appears very high compared with other mesocosm
studies, toxicity studies and observed effects in the field. Other mesocosm studies
have shown effects at much lower concentrations, at concentrations of 400 ppm or
less for macrofauna (Leaver et al 1987) and 27 ppm for meiofauna (Stacey and
Marcotte 1987). Effects in the field have been observed at concentrations around
1 ppm. In addition, the study did not test concentrations of around 1 000 ppm or
below in controlled conditions. This makes the overall conclusion of a threshold of
1 000 ppm unsubstantiated and of limited assistance in establishing sediment quality
guidelines or predicting effects in the field.

4.5 Impacts on Meiofauna

Introduction
The meiofauna or meiobenthos are organisms smaller than 500 µm. Most

meiofauna are permanently associated with the sediment (Moore et al., 1987).
Groups include nematodes, harpacticoid copepods, small polychaetes, oligochaetes,
ostracods, kynorhynchids and juveniles of larger animals (Salomons, 1988). The
most numerically abundant groups within the meiofauna are nematodes and
copepods (Moore et al., 1987).

The meiofauna play a crucial role in marine ecosystems, they are thought to
be the most important component in the transfer of energy from the benthic to the
pelagic environment through predation by larval and juvenile fish (Stacey and
Marcotte, 1987). Meiofauna are also eaten by crabs and other shellfish (HM Govt.,
1994). Effects on meiofauna are likely to have consequences for a number of other
organisms including some consumed by humans:

“If these apparently insignificant microscopic organisms at the base of the food
chain are affected there could be long term effects on other organisms.”

HM Govt. (1994)

Despite this important role, the meiofauna have been largely overlooked in
platform monitoring studies (Moore et al., 1987). Though studies are limited, a few
have been carried out in the North Sea which are relevant to assessing ecological
impacts from NWH and other North Sea platforms. Although a great deal remains to
be done, in terms of establishing the nature and scale of impacts, existing work
points the way to possibilities which need to be examined. This will be required in
order to determine whether effects on the meiofauna constitute a significant impact
or not.

Moore et al. (1987) examined the effect of PAH on meiofauna near the
Grangemouth refinery and near the Beryl A offshore platform. Drill cuttings
contaminated with OBM around the Beryl A platform were found to strongly modify
densities within 800 m. Nematode densities were markedly reduced, and the authors
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conclude this is likely to be due to toxic fractions of diesel. In one survey copepods
increased, due to organic enrichment and possibly lowered predation and
competition. Whether there was any increase in their availability as prey is unknown.
The study concludes:

“It would appear from the studies reported that North Sea oil developments are
not likely to seriously endanger the contribution that meiofauna make to the
functioning of the North Sea Ecosystem”

Moore et al., (1987)

Stacey and Marcotte (1987) examined effects of hydrocarbons on a
community of nine species of harpacticoid copepods using experimental mesocosms,
treated with 190 ppb (µg/l) of fuel oil. Five of the species occurred regularly and four
occasionally. Only two species were significantly affected and their populations did
not recover. These were species living on or just above the seabed. Species living
within the sediment became more dominant in the community. The results of the
study indicated that assemblages might change from being dominated by epibenthic
species and demersally planktonic species to inbenthic species. Clearly this change
could have important consequences on the transfer of energy to higher trophic levels.
As the meiofauna are an important food source for larval and juvenile fish, this could
lead to a reduction of available prey.

A further problem is possible effects on predators by transfer of toxic
compounds through ingesting surviving meiofauna (Stacey and Marcotte 1987).
Feeding on oil contaminated prey adversely affected feeding behaviours and growth
of juvenile pink salmon Oncorhyncus garbuscha (Schwartz 1985).

More recent studies
The Gulf of Mexico Offshore Operations Monitoring Experiment

(GOOMEX) was a programme of research designed to examine the effect on the
surrounding environment of chronic and sublethal exposure to discharges from
platforms in the Gulf of Mexico (Kennicutt, 1996). One project undertaken as part of
this study was an assessment of macro and meiofauna communities around three gas
platforms in the Gulf of Mexico (Montagna and Harper, 1996). Drilling products
used in the Gulf of Mexico are largely water-based muds as opposed to the oil-based
mud used in the North Sea. Hydrocarbon levels though lower, were one parameter
examined for correlations with effects. Abundance and diversity of meiofauna
decreased close to platforms at all sites, though abundance of polychaetes and
nematodes (non-selective deposit feeders) increased near platforms. Harpacticoid and
nematode diversity had a significant negative relationship with contamination. All
contaminants: the unresolved complex mixture of hydrocarbons, Cd, Ba and PAH
were examined as one parameter in a principal component analysis. The effects of
each substance cannot therefore be assessed separately. The authors concluded that
the increase of polychaetes and nematodes is due to organic enrichment effect, and
the decline of copepods is due to a toxic effect, most likely from metals. They
concluded that the hydrocarbon concentrations in sediments are too low to be a
making a large contribution to the observed toxicological effects and that the results
point to metal toxicity being responsible for some of the effects around platforms.
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Carman et al. (1996) dosed microcosms of sediment in Louisiana saltmarsh
with PAH from 0.3 mg/kg (controls) to 27 mg/kg to examine effects on copepods.
Drilling has been carried out in the Louisiana area for many years and these
relatively low levels were chosen to investigate chronic long-term effects of
hydrocarbon contamination. At 27 mg/kg, impacts were mortality, avoidance
behaviour such as burrowing and swimming, and decreased numbers of males.
Psuedostenhelia wellsi was the most affected species, due to its sedentary lifestyle
leading to a greater exposure to hydrocarbons. The authors speculate that this led to
the species strong behavioural response and high mortality, an additional possibility
being that this species is inherently more susceptible to PAH. In contrast another
species Enhydrosoma sp. increased in number.

In discussing the significance of these results Carman et al., highlights the
effects that must be assessed to determine the effects of drill cuttings on these
communities. This includes the effects of PAHs on copepod-community structure
that could have important implications for benthic food webs. For example, various
species of juvenile fish feed heavily on meiofaunal copepods (Carman, 1996).
Behavioural responses of copepods to PAH could alter their availability to fish as
they burrow or emigrate into the water column. Species-specific effects of
contaminants (as with P. wellsi) could adversely affect fish that have a preference for
particular copepod species. Carman’s study concludes that significant reduction of
preferred food items could lead to food limitation for juvenile fish, which could
ultimately alter entire communities and ecosystems.

Street et al., (1998) examined harpacticoid copepods for population effects
(reduced genetic diversity and effects on reproduction). These effects had previously
been observed in populations living in contaminated sediment around oil platforms.
it had not been possible to determine if they were related directly to contaminants
from the platforms. To try and examine this link more conclusively in a controlled
experiment, this study treated cultures with phenanthrene, a PAH found in diesel.
The level of contamination tested was 90 µg/g sediment (ppm). Observed effects
included lower adult survival and reduced fecundity.

Conclusions - Impacts on meiofauna
Field and laboratory studies have documented that the meiofaunal component

of the benthos is sensitive to petroleum contaminants (Carman et al., 1996). Effects
are evident at contaminant levels of 27 ppm in sediment (Carman et al., 1996) and
190 ppb in the water column (Stacey and Marcotte, 1987).

In a study of a platform where WBM was used, effects have been found to be
due to organic enrichment, and toxic effects more closely linked with metal
contamination (Montagna and Harper, 1996).

Changes in meiofauna communities (especially in harpacticoid copepod
assemblages) are ecologically significant due to their place in the marine food web.
Copepods are considered to be the most important component in the transfer of
energy from the benthos to the pelagic environment via predation by larval and
juvenile fish (Stacey and Marcotte, 1987). Therefore the observed impacts are also
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potentially ecologically significant, and require assessment when determining the
impacts of drill cuttings piles.

From examining available studies, the lowest concentration at which effects
have been detected is 27 ppm (Carman et al., 1996), which can be regarded as an
initial threshold value. This is within the range of values causing reduced diversity of
the macrobenthos (3-109 ppm). In the context of NWH, meiofaunal analysis was not
carried out in the 1992 survey of the seabed around NWH. Meiofaunal analysis in
relation to sulphide gradients (organic enrichment effect) has been carried out within
400 m of the pile in 1997 survey at North West Hutton. These results were not
available at the time of writing.

4.6 Microbial Populations on North Sea Cuttings Piles

Marine microbial populations in the North Sea are composed of organisms
smaller than 50µm, including, bacteria, fungi, ciliates, flagellates and protozoans
(NSTF,1993a). Relatively little detail is known about these communities in the North
Sea (ALTRA, 1996). Communities of micro-organisms exist on many North Sea
cuttings piles, and play an important role in degradation of hydrocarbons within
piles. Biodegradation is one of the processes by which hydrocarbons may be
removed from cuttings piles (Massie et al., 1985). Other processes are; leaching,
resuspension of sediment by bottom currents and disturbance of the pile.  Few
studies have been made of either the community composition or role of microbial
communities on North Sea cuttings piles.  Biodegradation by micro-organisms has
the potential to affect the long-term levels of hydrocarbons in cuttings piles in the
North Sea (Massie et al., 1985) and is therefore an important consideration in
assessing the impact of any cuttings pile and its future management.

Conditions in and around cuttings piles can stimulate populations of sulphate-
reducing bacteria (SRB) and microbes which degrade hydrocarbons. The resulting
conditions and associated communities are different to those usually present offshore
and have been likened to those in other organically rich environments for example in
sea-lochs (ALTRA, 1996). It appears that the numbers of bacteria do not increase,
but that existing populations adapt to utilise these substrates (ALTRA, 1996; Massie
et al., 1985). These populations occur in the surface layers of the pile (the top few
mm) where conditions are aerobic.

At several sites in the North Sea, bacterial mats of Beggiattoa have been
observed to grow over the surface of the pile (ALTRA, 1996; Cordah, 1998). These
mats are known to occur at hydrocarbon vents (Larkin et al., 1994). The question
arising from these observations, is to what extent do these mats enhance or inhibit
biodegradation. Beggiattoa could be using hydrocarbons as a metabolic substrate,
and thus increasing degradation (Jones, 1988). Alternatively, as anaerobic conditions
develop below the mats, hydrocarbon degradation may be reduced by their presence
(ALTRA, 1996). In either case, the extent of coverage of piles by Beggiatoa mats has
been shown to correlate with increasing total contamination in the pile (Bakke et al.,
1989).
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Impacts on microbial populations from toxicity
In terms of the effects of contamination on microbial populations, Sanders

and Tibbetts (1987) found that microbial activity and degradation of hydrocarbons
are both greater in association with low-toxicity base oil rather than diesel-based
muds. This could be because the aromatic hydrocarbons present in greater levels in
diesel are less available as a metabolic substrate, or PAHs may be toxic to these
organisms. Okpokwasili and Nnubia (1995) tested the toxicity to marine bacteria of
several drilling muds including diesel-based mud. Cultures of Bacillus sp. and
Staphylococcus were tested. Three products had little or no impacts on the bacterial
cultures. Two alternative base products had effects on the growth or lag phases of the
bacteria. Diesel oil at 25 µg/ml (25 ppm) increased generation time, depressed
growth phases of Staphylococcus and inhibited the exponential growth phase of
Bacillus though not its growth rate. These results show some toxic effects occur on
bacteria, but that these vary between species and the impacts of various drilling muds
are different. An assessment of the toxicity of pile contents to bacteria (and other
species) could be conducted using similar techniques on a site/product specific basis,
to investigate the toxicity of the pile and any impacts on microbial populations.

Hydrocarbon degradation
Oxygen and sulphate availability are the main limiting factors in microbial

activity in cuttings piles. For this reason, it has been proposed that activity is quickly
limited after discharge and is subsequently limited to the very surface of the pile
(ALTRA, 1996). ALTRA (1996) also propose that this could indicate concentrations
of hydrocarbons are steady within the pile, possibly over geological time scales.
However, this is assuming there is no leaching of hydrocarbons, re-suspension of
surface sediment or physical disturbance of the piles. As described in other sections
of this report, none of these can be ruled out, and they are major gaps in the
knowledge of the impacts of cuttings piles requiring further study.

Conclusions - Impacts on micro-organisms

• Populations of sulphate reducing and hydrocarbon degrading bacteria increase on
cuttings piles.

• Mats of Beggiatoa have been known to form on the surface of cuttings piles.
These could enhance or inhibit degradation of hydrocarbons.

• Drilling muds, especially diesel-based mud, have toxic effects on bacteria.
Assessment of the toxic impacts on bacteria of pile contents/ drilling products
used could be made by toxicity testing, on bacteria cultures. This should be done
on a pile specific basis.

• The changes in hydrocarbon concentration in cuttings piles over time due to
degradation could alter if there are changes in the pile due to leaching, re-
suspension or physical disturbance. However, the nature and range of
hydrocarbon alteration requires further study if predictions are to be made.
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4.7 Impacts on Fish

This section examines direct impacts on fish from hydrocarbons in drill
cuttings piles. It explicitly excludes effects via the food chain and changes in
predation or competition. As in other sections the focus on hydrocarbons does not
preclude impacts due to other contaminants. The effects described are related to the
situation at NWH. The possible direct impacts can be separated into four categories;

(1) Tainting by hydrocarbons of fish for human consumption,

(2) Disease in adult fish such as neoplasia and other lesions,

(3) Physiological impacts such as repression of the immune system in adult
fish and

(4) Impacts on fish eggs and larvae.

Assessing impacts of contamination of fish and fish disease is complex
because of the mobility of most species, meaning there is no one point source of
contamination. In addition to this fish diseases are caused by a mixture of factors
(NSTF, 1993a). For example, pollution can cause weakening of the immune system
making fish more susceptible to naturally occurring diseases and parasites. The
association of these impacts with drill cuttings piles will be addressed, as will their
possible incidence at North West Hutton.

Taint
The term ‘taint’ refers to a detectable oily taste in fish flesh. Hydrocarbons

that can cause taint include dibenzothiophenes, naphthalenes and phenols (GESAMP,
1977). Tainting of fish has been observed at drilling sites using OBM (NSTF,
1993a). There have been several studies of taint around platforms (e.g. McGill,
1987). In their review of impacts of drill cuttings, Davies and Kingston (1992)
conclude that a small proportion of flatfish acquire a degree of taint and that some
flat and roundfish accumulate hydrocarbons in their flesh and liver. A further issue is
that of persistence. Taint has been shown to persist in fish for up to 10 weeks after
they have been removed from exposure to hydrocarbons (Cordah, 1998).

Where taint is detected, there is a direct link between contamination and
human impacts, through the effect on fish for human consumption. It is an indication
of contamination but is not however a clear-cut measure of the level of
contamination present in fish or in the ecosystem. Detection of taint does not
correlate well with hydrocarbon levels present in fish (McGill, 1987; Parker, 1990;
Cordah, 1998). This is partly due to the way taint is assessed and defined. An expert
panel tests samples of fish flesh. A fish is designated tainted if 50% of assessments
detect taint. McGill (1987) sampled fish from within 860 m from the Beatrice
platform and 1 000-1 900 m away. Several fish had ‘possible taint’, which means
that samples were tainted but this was fewer than 50% therefore no taint was
recorded. Overall, fish sampled close to the platform showed a definite tendency
towards the presence of oil taint compared with those caught from the 1 000-1 870 m
zone. In some taint-free fish concentrations of hydrocarbons were higher than in
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others with possible taint. This illustrates the lack of agreement between taint and
measured contamination.

In a 1985 DAFS study, no fish were found to be tainted under the 50%
criteria, although taint was detected in 47 out of 691 samples tested from 81 fish. In a
more recent DAFS study (1990), a total of 187 fish were sampled from 37 ICES
squares. Twenty-five of these squares contained areas of oil production or
exploration. None of the fish was found to be tainted. (McIntosh, 1990). In a study
by UKOOA of a variety of contaminated sites and a reference site, 10 fish were
caught around an oil platform and analysed for low-toxicity base oil. Two of these
fish had traces of low-toxicity base oil present in their flesh and livers but again no
fish were recorded as tainted.

Tainting of fish by hydrocarbons has been found in several studies around oil
platforms. Studies have shown taint in fish caught close to platforms (<1 000 m),
mostly in demersal species. Several studies have shown hydrocarbon contamination
in fish to be similar to that found in sediments contaminated by drilling wastes, by
examining Gas Chromatogram profiles (e.g. McGill, 1987). Contamination of
benthic species could be due to ingestion of contaminated sediment (Cordah, 1998).

Disease in adult fish
Hydrocarbons, especially PAHs such as those found in drill cuttings piles

have long been known to cause teratogenicity, mutagenicity and carcinogenicity
(Neff, 1979; Tuvikene, 1995) through chronic and acute effects on tissues. The main
mechanism of toxicity of PAH in fish is through interference with cell membranes
and thus disruption of cellular processes that depend on membranes. For example,
PAHs bond to cellular proteins resulting in mutagenesis, teratogenesis and cancer
(Tuvikene, 1995). Physiological effects are manifest as neoplasias, haemorrhages,
liver and epithelial lesions for example. Neoplasias and pre-neoplastic lesions in
benthic fish have been shown to be associated with PAH contaminated waters (Stein,
et al., 1994). The problem of multiple causes of fish disease and exposure routes is
exacerbated in the study of effects such as lesions that are a long term rather than
immediate response to contamination. For example, the relationship of liver
neoplasia to contamination requires information on the migratory patterns of dab as it
develops over several years.

The 1992 Bremerhaven Workshop on Biological effects of Contaminants in
the North Sea examined two sites, a transect in the German Bight and a transect from
a disused drilling site: Well F18.9 in the Dutch Sector. A drilling rig had discharged
approximately 300 tonnes of low-toxicity oil-based mud at this site. Both transects
showed a gradient of PAH contamination; decreasing from inshore to offshore for
the German Bight transect and decreasing with increasing distance for the drilling rig
transect. The workshop included several studies of fish disease, including liver
disease, epithelial lesions, gill ulcerations and their incidence in relation to
contamination. Vethaak (1992) found evidence of a correlation with PAHs and the
occurrence of epidermal hyperplasia/papilloma in dab (Limanda limanda) along the
German Bight transect.
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The incidence of such impacts on adult fish has not been extensively studied
in relation to contamination from drill cuttings piles. This is partly due to the fact that
fish are highly mobile. In addition many of these impacts have a long development
time and are likely to have multiple causes. Exposure to drill cuttings contamination
is likely to be a contributory rather than single factor in the incidence of disease and
establishing to what degree is complex. Elevated concentrations of molecular
markers such as MFO and EROD (see below) occur relatively quickly after exposure
to hydrocarbons.  Potentially, they can therefore be more closely linked to
contaminant exposure in the field. Methods of detecting these precursors and results
to date are discussed in the following section. However, the link between elevated
levels of these markers and fish diseases and other ecological effects is not yet
understood.

Biochemical indicators of hydrocarbon exposure
Precursors to physical effects are detectable in fish tissue. When PAHs are

broken down to metabolites, higher levels of certain enzymes (Mixed Function
Oxidases, MFO) to break them down are produced, such as EROD. These can either
detoxify the contaminant or break them down into more toxic compounds, depending
on the substance and the organism. Increased levels of these enzymes indicate
compounds are present in concentrations capable of exerting biological effects
(NSTF, 1993a). Elevated levels of these enzymes have lately become widely used as
biomarkers of ecosystem contamination (Tuvikene, 1995) and:

“MFO enzyme induction can be a useful tool for delineating areas of potential
‘effect- no-effect’ on fish populations around petroleum development sites using
oil-based drilling fluids.”

Payne et al,. (1987)

The Bremerhaven Workshop examined EROD levels in relation to the
drilling site transect. The site was studied 1 year after drilling ended. Oil
concentrations in sediment ranged from 450 ppm at 250 m to 16 ppm at 1 000 m.
Elevated levels of EROD and CN-ECOD were correlated with levels of naphthalene
and other PAHs in sediment around the drilling site (Renton and Addison, 1992).
Goksoyr et al., (1992) measured increased levels of the P450 protein (a protein
transformed in cells by a reaction to exposure to PAH) using a new ELISA based
assay. This was carried out at the same site and found no induction around the
platform. They conclude that the absence of induction indicates that the hydrocarbon
contaminants present in the sediments are not bioavailable to the dab in this area, or
the dab caught were just passing by during a migration. Correlation of liver
antioxidant enzyme activity (DCPIP) with contamination at the drilling site was
found by Livingstone et al. (1992). The results of these studies from the
Bremerhaven workshop indicate that drilling discharges could generate biochemical
responses in fish, though more work is required to establish the extent to which this
might be the case.

Moore et al. (1992) investigated EROD and oxyradical production in the liver
in relation to hydrocarbon contamination along the pollution gradient in the German
Bight examined in the Bremerhaven workshop. Liver cells were tested ‘to detect
early changes that are indicative of pollutant-induced liver damage. The study found
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oxyradicals were produced at the sites most contaminated by hydrocarbons and
heavy metals.  This approach could be useful for assessing whether there is a
potential for physiological effects to occur in relation to drill cuttings contamination,
however a similar assessment has yet to be carried out in relation to cuttings piles.

Impacts on fish at NWH are likely to be from multiple sources including
NWH, rather than NWH alone as a point source. The particular region of the North
Sea where NWH is situated (Subregion 1) is contaminated above background levels,
there are several platforms and a heavy incidence of shipping in the area which is
likely to be a contributing factor.  Biochemical indicators could be used to examine
contamination on a more local scale i.e. linked to a particular platform such as NWH.

No assessment of physiological effects or biochemical indicators has yet been
carried out at NWH. Using these measures to monitor impacts around NWH would
be useful to ascertain what impacts are currently occurring and would be likely to
result from the management options.

Impacts on fish eggs and larvae.
Effects on fish eggs and larvae associated with PAH include malformation,

mortality of fish embryos (Cameron, 1995) and elevated levels of EROD in larvae
(Stagg and McIntosh 1996).  Malformation in larvae often leads to mortality (Carls et
al., 1999). Chronic pollution effects on eggs are potentially more likely to have an
impact on recruitment than acute pollution incidences (Houde, 1989). Malformations
of eggs have been proposed as a biological indicator of environmental quality
(Cameron, 1995; Klump and von Westernhagen, 1995) as they have been
successfully used to locate pollution effects. They also fulfil the requirement of
assessment endpoints for Ecological Risk Assessment (Cameron, 1995).

In recent work, by Carls et al., (1999) and Heintz et al., (1999) eggs of
Pacific herring (Clupea pallasi) and pink salmon (Oncorhyncus gorbuscha) were
exposed to  low concentrations of PAH in weathered crude oil to examine chronic
effects of the Exxon Valdez spill in Prince William Sound, Alaska. Exposure of
Pacific herring eggs to 0.7 ppb PAH caused malformations, genetic damage,
mortality, decreased size and inhibited swimming in hatched larvae.  Exposure of
pink salmon eggs to 1.0 ppb PAH caused increased mortality. The authors conclude
that effects on fish embryos and larvae are likely at very low dose aqueous PAH. The
USEPA standard for acute exposure is 300 ppb and the State of Alaska has a
standard of 10 ppb for chronic exposure, both of which are appreciably higher than
the no effect level in these studies.

Impacts of PAH in the water column on fish eggs and larvae have not been
extensively studied offshore in the North Sea. The northern North Sea is a spawning
ground for commercially important species and industrially fished species such as
sandeels, which play a major role in the food chain (Stagg and McIntosh 1996). In
particular, Subregion 1 is an important spawning area for saithe, Norway pout and
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haddock. 0-group11 haddock and Norway pout are usually abundant in the whole
region. In spring and early summer 0-group haddock are distributed throughout most
of the water column. 0-group Norway pout are at roughly 5-20 m from the seabed in
the day and move to the surface 50 m at night. In the autumn the Norway pout 0-
group are distributed more closely to the seabed (NSTF 1993b). (See Figure 6)

Any impacts on fish eggs and larvae are important in terms of the
reproductive health of a population (Stagg and McIntosh 1996).  Stagg and McIntosh
(1996) studied impacts on gadoid and sandeel larvae in the northern and central
North Sea in relation to PAH concentration. Point sources were not indicated but
overall elevation of hydrocarbon levels in the water column (top 50 m) was found
along the 2 transects sampled in the northern North Sea, all within Subregion 1. The
impacts on larvae studied were of EROD activity (Stagg and McIntosh 1996).
Elevated levels of EROD have been correlated with deleterious biological effects
such as neoplasms and DNA damage but not causally linked (Hendricks et al., 1985).
In this study EROD activity was investigated as an indicator that the aromatic
hydrocarbons in the water column are both bioavailable and capable of inducing
biological effects. (Stagg and McIntosh 1996).  A significant induction of EROD
activity was found at hydrocarbon levels of >1 part per billion (ppb) in the water
column.  On transects to the east of Shetland concentrations were found to be
between one and two ppb to the north of the transect and between three and five ppb
further south.  The highest hydrocarbon concentrations were in areas with a high
concentration of oil production installations. Hydrocarbon inputs in the areas
concerned include cuttings, discharges from shipping and atmospheric input (Stagg
and McIntosh 1996).

The levels of hydrocarbons (one to five ppb) detected by Stagg and McIntosh
(1996) were correlated with effects on fish larvae. These authors measured
hydrocarbons by uv fluoresence, so these figures are not exactly PAH equivalent but
reflect the level of PAH present. In view of the work of Heintz et al. (1999) and
Carls et al. (1999), these are levels at which impacts on fish eggs and larvae will be
expected to occur.  The work by Stagg and McIntosh (1996) indicates than overall
levels of hydrocarbons in the water column are elevated regionally, but it is not
possible to determine point sources for these effects. Rather these impacts are due to
cumulative inputs to the region from a variety of sources. This highlights the
necessity for regional monitoring, management and regulation.

Conclusions - Impacts on Fish
The presence of an oily taint is an indicator of the presence of contamination

from hydrocarbons in fish.

Fish diseases such as neoplasia are caused over a long period of time. They
are likely to result from a number of causes and possible exposures, due to the
mobility of most fish species. Any contamination from NWH is likely to be a

                                                

11 0-group fish are less than one year old, ‘YOY, young of the year’. In North sea species these are
immature fish.
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contributory rather than single cause of fish disease. No study of such impacts from
NWH has yet been made.

Biochemical responses in fish such as elevated levels of EROD are useful
indicators that contamination may be present at levels likely to have biological
effects (NSTF 1993b) and as assessment endpoints in ecological risk assessment. No
studies of such indices have yet been carried out around NWH. Malformation,
genetic damage and biochemical responses in fish eggs and larvae are also useful
tools in determining ecological impacts of contamination. These effects have not as
yet been investigated in relation to drill cuttings contamination in general or from
NWH.  Biochemical responses in adult and larval fish are potentially useful in
examining effects on a local scale i.e. from point sources, and these methods could
be used in assessing the ecological impacts from NWH.

Most impacts on fish at NWH are likely to be from multiple sources; there
are several platforms in the area that would all have releases in terms of produced
water, spills, flaring and cuttings piles. In addition the heavy incidence of shipping in
the area is likely to be a contributing factor to hydrocarbon contamination. This
problem of regional/accumulative pollution from the aggregation of oil production
installations points to the necessity of regional monitoring and management.

4.8 Energy and Emissions

As stated at the outset of this report environmental impact is defined in broad
terms incorporating ecological and other impacts, including energy and emissions.
Procedures for estimating the energy use and emissions production from the drill
cuttings handling options are reviewed here. As with all energy analyses the results
produced depend largely on the perspective one adopts from the outset. Where the
boundaries are drawn will dictate the outcome of the analysis. For consistency with
the rest of this report the energy analyses presented here focus on the cuttings pile.
However, it is acknowledged that energy implications for managing cuttings may
well form a subset of the total energy estimation for the overall platform
decommissioning. General decommissioning matters are beyond the scope of the
present report, though information is taken from existing decommissioning energy
studies where relevant, notably the Brent Spar (DNV 1997c) and Heather (Hustoft
and Gamblin 1995) studies.

A more recent study which aims to consolidate energy estimation methods is
being carried out by a consortium of three contractors (Cordah, DNV and ERT),
funded by The Institute of Petroleum (IP). It draws upon a slightly wider range of
sources than used in the present report (but with a substantial overlap). Only the draft
version of the IP report is cited here.

The finished IP study will be useful for evaluating redundant platforms,
storage and loading facilities, pipelines, templates, wellheads, etc. The draft report
does not address the activities specific to drill cuttings handling, but it does detail a
set of energy constants and boundary conditions, also data on fuel usage by large
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vessels. If the IP figures are accepted as authoritative by the industry, then some
major energy use discrepancies and uncertainties will be resolved.

Overall, it is clear that, no matter how rigorous the approach is, energy
estimation for drill cuttings piles remains an uncertain process. There is also the
wider question as to how significant energy use is per se, compared to other impact
categories such as environmental, health & safety, emissions, economic, technical
feasibility and socio-political.

Energy use - direct
Energy use can be divided into two broad areas: direct and indirect use.

Direct use, consisting of transport and equipment energy uptake is simpler to
understand and (assuming the information is available) to calculate. Treatment on
land requires the cuttings to be taken ashore first. ERT (1997) or DNV (1997) does
not consider equipment energy use, while Brindley and Corcoran (1995) consider
only oxyacetylene cutting equipment - not relevant for a study limited in scope to
drill cuttings. Other studies consider the energy costs of some, but not all, of the
equipment used in the various drill cuttings handling option (Cripps et al., 1998).

A range of energy use values is found in the literature. For example, ERT
give three sets of figures for marine support vessels - in harbour, en route and at
work, together with a ‘Wait on Weather’ figure (WOW). (N.B. Identical WOW
figures are found in two different documents - Brindley and Corcoran (1995) and
ERT (1997). The former is sourced in-house (Offshore Design Engineering), while
the latter cites Amoco (UK) as a source. Presumably, the original source is the same
for both documents).

DNV (1997) point out the variability of transport energy figures, and offer
their own, also in-house. Yet another set of figures is given by Cripps et al.,  (1998),
citing in-house Cordah sources. To illustrate the diversity, the two sets of figures
most relevant to drill cuttings transport are given overleaf in Table 4-9, with their
sources, for a Diving Support Vessel (DSV) and a Cargo barge (tonnes of fuel/day):

It would clearly be desirable to use real energy data for actual vessels, taken
from trip logs, etc. Such data could not be located in time for inclusion in this report.
The standard directories (Lloyds Register of Offshore Units, 1996) give only static
energy information - the type of engines and size of electric generator. The IP report
(IP, 1999) does contain energy data for some specific vessels, but only Semi-
submersible Crane Vessels (SSCVs) and Heavy Lift Vessels (HLVs).

There is also uncertainty due to external factors, such as the weather and
operating conditions. In their review of the ERT report, DNV state that repositioning
and use of anchors can 'tip the energy balance' against a vessel that at first seems
more frugal. However, they do not go on to give an idea of the range of variability
due such external factors (DNV, 1997a). This is therefore a major confounding factor
in the entire energy assessment.
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Table 4-9 - The range of vessel fuel consumption estimates

DSV (tonnes/day) Cargo barge (tonnes/day)

10 - ERT / working 0.1 - Brindley & Corcoran

15 - Brindley & Corcoran 10 - ERT / working

18 - DNV / working 10 - ERT / in transit

20 - ERT / in transit 10 - Cripps et al.,  / working

22 - DNV / in transit 10-14 – IP / in transit

(citing Møkster Shipping)

30 - Cripps et al., 12 - Cripps et al.,  / in transit

14 - DNV / in transit

17 –25 – IP / working

(citing Møkster Shipping)

22 - DNV / working
Notes: 1) The Brindley & Corcoran figure looks anomalous, but does not seem to be a typographic
error; 2) The Cripps et al. figure refers to an 8 000 tonnes gravel dump vessel, and it is assumed this is
similar enough to a cargo barge to be included in the table); 3) No IP figures are given for a DSV,
since IP draws on sources already used here.

It is beyond the scope of this report to model all the variability in energy
usage. Therefore, the calculations are based simply on a ‘best-estimate’ of daily fuel
consumption, defined as the average of the alternatives given in Table 4-10. This has
the effect of obscuring the differential between the fuel consumption of moving and
stationary (‘working’) vessels. In fact, the two sources which acknowledge this
differential (ERT and DNV) are at odds in their assessment - ERT give it a factor of
100%, but DNV only 20-22%. This disagreement is another major confounding
factor (Brindley & Corcoran's very low 'Cargo barge' figure will be ignored as an
anomaly).

Table 4-10  – Vessel fuel consumption constants chosen for this report
(tonnes/day)

DSV 16 tonnes/day 0.73 Terajoules / day

Cargo Barge 13 tonnes/day 0.59 Terajoules / day
Notes: 1) Figures are rounded to the nearest whole number; 2) The practical meaning of the unit
‘Terajoule’ is illustrated below.

It also seems sensible to ignore the energy use of vessel time in port, though
this is given by Brindley & Corcoran (1995). Energy use for this is generally very
low (the exception being a heavy lift vessel, but this is not directly relevant for drill
cuttings) and vessel time in port is very closely dependent on external factors, such
as operational constraints, but this is not an environmental consideration. The WOW
figure is also dependent on external factors, and is omitted here.
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The energy constants were calculated before the IP draft report became
available, with the result that the Cargo Barge figure used here is slightly lower than
the actual average of the values in Table 4-10 which rounds to 14 tonnes/day. Also,
the IP average figure for a DSV (as here, omitting ‘in port’ and WOW) is 20
tonnes/day. If the IP figures were accepted as an industry benchmark, the energy
estimates in the present report could be recalculated.

Table 4-11 outlines the constants used in this report in assessing the drill
cuttings handling options. As stated above, these constants are potentially subject to
revision. For example, the IP draft report treats 45.4 GJ/tonne as an upper bound on
marine fuel energy, and uses a median figure of 43.1 GJ/tonne instead.

Table 4-11 – Some energy constants used in this report

Constant Value Reference

Energy rating of marine
fuel

45.4 GJ/tonne Cripps et al.,  (1998),
citing Side (1997)

Energy rating of cuttings
& diesel oil

44.33 GJ/tonne Cripps et al.,  (1998)

Weight of diesel fuel 0.8461 kg/litre Cripps et al.,  (1988)

kwh: Joules 1 kwh = 3.6 MJ

Energy use - indirect
Indirect energy use is more elaborate to understand and work out than direct

use. Indirect use is a function of the quantity of materials (such as steel) which are
’lost’ from the global economy by the activity being assessed. The energy needed to
manufacture new (‘replacement’) materials is calculated. For example, the steel in a
decommissioned oil platform that is not re-used or recycled has an energy cost equal
to the energy needed to produce the same amount of new steel.

Indirect energy calculation is complex and involves some arbitrary (though
hopefully reasonable) 'boundary' conditions. For example, ERT (1997) do not
consider the energy cost of transporting fuel. There is a sense in which the complete
energy cost of anything cannot be calculated without tracking materials flow in the
entire economy - clearly not feasible in individual project assessments.

Perhaps as a result of this complexity, indirect energy calculation can be
contentious. In DNV's peer review of ERT's report, ERT is criticised for not
justifying the use of CIRIA as 'the best' of several sources for the energy cost of steel
(DNV 1997).

The energy cost of materials such as steel falls outside the scope of this
report. However, the oil found in the cuttings pile could be taken into account. The
energy value of this oil is a cost if left in the pile and a benefit if re-used in some
way. The (indirect) benefit of re-use is thus offset against the (direct) energy cost of
reprocessing the drill cuttings.
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Such an accounting practice has a respectable pedigree and is followed in the
Cripps et al., report (1998). However, there are problems with it:

1. It is hard to understand - the same energy units are used in two
different senses.

2. It is still working with the (direct) calorific value of oil, when
arguably it should be working with the actual process energy involved
in not producing oil in an alternative way (e.g. the energy involved in
acquiring the oil to make up a drilling mud). But this second value is
context-specific and harder to work out.

3. It assumes that oil recovered from cuttings piles is actually re-usable,
which is not certain.

4. The indirect energy value of the oil is both very uncertain and
potentially much larger than other energy values, thus threatening to
confound (even ‘swamp’) the overall assessment (see the discussion
of the various treatment options).

5. Oil energy value is already accounted for in an option such as
incineration (the higher the calorific value of the cuttings mixture, the
lower the energy input), so there is a potential risk of ‘double-
counting.’ And finally, the energy values involved are tiny in
comparison with what would be needed during decommissioning
anyway.

This report will therefore be limited in scope to the direct energy costs of
equipment use and transport fuel.

4.9 Energy Use and North West Hutton

Energy consumption for each drill cuttings handling option for North West
Hutton is based on a breakdown of the actual activities involved. Where such a
description is not available, figures given in the Cripps et al. report (1998) will be
extrapolated. Since their ‘reference pile’ has a volume of 4 900 m3 12, while the North
West Hutton pile is 25 225 m3, the Cripps et al., figures will be normalised using a
multiple of 5.15.

The individual options’ energy usage is worked out in the appropriate
sections, and included in Appendix 2. The calculations try to reflect the inevitable
uncertainties of estimation, by giving a range of figures relating to high, low, and
'best-guess' estimates.

                                                

12 The figure given is actually 4 906m3.
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Interpretation of energy consumption values
It must be acknowledged at the outset that energy use may not be perceived

to be the most important issue in the cuttings pile debate. One reason for this could
be that energy use is expressed in somewhat arcane units such as Gigajoules (one
thousand Megajoules) and Terajoules (one million Megajoules). Such units are used
for convenience, to avoid very long numbers, but it may be helpful to compare the
energy values with values derived from domestic and industrial settings:

• Akzo Nobel, the Dutch chemical company with a turnover (sales figures)
of NLG 21.5Bn, used 43 311 Terajoules of energy in 1995 (Akzo, 1995).

• EMI, a retail company with 10 000+ employees and a £2.7Bn. turnover,
used 203 000 Mwh = 731 Terajoules in 1996 (EMI, 1996).

• Henkel’s chemical factory at Düsseldorf Holthausen, with 9 000
employees, used 12M kwh of electricity and 16 300 tonnes of oil in 1997.
This equates to 43.2 Terajoules and 722 Terajoules, respectively (Henkel,
1997).

• According to ERT (1997), citing the European Commission (1993), the
average annual urban energy consumption per head is 158 GJ. This gives
a town of 100 000 inhabitants (for example, Ipswich) an annual energy
consumption of 15 800 Terajoules.

• The UK DETR gives rather lower figures, but these are per household,
not per capita (see Table 4-12). So a street with fifty households on it
would have an annual energy consumption of just over 4 Terajoules.

North West Hutton drill cuttings options range from about 3 Terajoules to
almost 200 Terajoules (see Appendix 2), with a very large spread, both between and
within options. It can be seen that energy usage in the tens/hundreds of Terajoules is
of the same order of magnitude as that of a large retail company or large chemical
factory.

Table 4-12: Energy used per household in the UK, 1993

Electricity Natural gas Other Total

as kwh 4 290 14 528 3 782 NA

as Gigajoules
(approx.)

15 52 13 81

(Source: Environment Protection Statistics and Information Management Division
DETR, referring to DETR/DTI, 1995)

Notes. This table is one of a list of 120 ‘Sustainability Indicators, published on Web site
http://www.environment.detr.gov.uk/epsim/indics/isde07.htm, as indicator e7b, as updated on 31
January 1997. Figures have been rounded down to the nearest kWh or Gigajoule. Conversion to
Gigajoules has been done in this report, at 1 kWh = 3.6 Megajoules.
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It might be more pertinent to the present debate to make the comparison with
the energy usage of North West Hutton overall decommissioning operations. At least
one study has considered looking at the energy usage of a generic decommissioning
model, and arrived at a figure of 1 000 to 1 600 Terajoules (ERT, 1997). However, a
review of this generic model stresses that the range of uncertainty is probably
broader than this (DNV 1997a). The provisional conclusion must therefore be that
comparison of decommissioning energy usage remains fairly hypothetical.

4.10 Emissions

Emissions are inherently quantifiable, and easier to measure (and thereby
legislate for) than any other environmental impacts an installation or process has.

Figures for transport-fuel related emissions of NOx, CO, HC, CO2, SO2 and
particles are given in (DNV 1997c), and cited in the Institute of Petroleum study (IP,
1999). These figures can be derived directly from energy usage. In practice, the
calculation can be rather involved, in that emissions are dependent on context-
specific variables, such as the speed of the marine vessel and the sulphur content of
fuel. The simplest emission to calculate is for CO2, which works out at 70 kg CO2

per GJ, drawing on DNV’s fuel emissions figures and the (upper bound) figure of
45.4 GJ/tonne. CO2 emissions are calculated, where feasible, in this report. Other
emissions values have been derived from operational data for specific activities and
equipment.

4.11 Health Risk & Safety Assessment

Introduction
That the larger offshore organisations can see the clear linkages between

environment, health and safety is demonstrated by the management structure of these
issues in single ‘HS&E’ departments. The need for such organisations to guarantee
high quality performance in these areas to protect and enhance reparations is beyond
question.

Health & safety risk assessment for evaluating drill cuttings handling options
will depend to a certain degree upon information from ecological analyses similar to
those that are reported and proposed in this study. Though, for the context of this
report, health and safety issues are not the major part of the study, there are issues
arising from the nature and range of cuttings as described earlier that have bearing on
health and safety. It is important to raise these issues here, not least because this is a
relatively new subject area for health and safety consideration.

Health risk assessment
Drill cuttings are known to be a mixture of volatile hydrocarbons and various

other chemicals added to the drilling mud. Potential health concerns therefore could
include:
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• Inhalation of chemicals of potential concern by divers during operations
(saturation diving, for example), and by topside operators during pumping
and water separation.

• Skin contact with chemicals of potential concern by divers during
operations; by topside operators during pumping and water separation;
and by the public in materials made from processed drill cuttings.

The UK industry approach to health assessment is governed by the Control of
Substances Hazardous to Health (COSHH) regulations. To assess the degree of risk
to workers from dealing with specific substances, COSHH takes into account:

• The specific activities which use those substances and release a
proportion of them into the work environment;

• The environmental concentrations that ensue;

• The exposure profile of workers;

• The toxicologically derived regulatory guidelines in the HSE documents
EH40 (for inhalation) and HSG167 (formerly EH56), for skin contact and
ingestion (HSE/EH40 and HSE/HSG167); and

• The ‘Materials Safety Data Sheets' (MSDS), which suppliers of
substances are required to provide the users with. A safety data sheet
combines descriptive information about a substance and its toxicological
properties, with guidance on first aid and protective measures. In an
offshore context, the suppliers will be the various drilling fluids
companies.

Statoil (1996a) gives Norwegian ‘Guidelines on Toxicological Evaluation of
Drilling Fluids with Relevance to Human Health.’ This includes biological
monitoring. The document summarises the toxicological test procedures advocated
by ECETOC, CONCAWE and the OECD.

At the European level, Regulation 793/93/EEC has established a framework
for the risk assessment of existing substances, based on eight different endpoints:
acute toxicity; corrosivity; sensitisation; repeated dose toxicity; mutagenicity;
carcinogenicity; and reproductive toxicity. The Technical Guidance Document
XI/919/94 for the Risk Assessment of Existing Substances gives scientific criteria for
the evaluation and interpretation of different test results with respect to these eight
endpoints.

Some health risks, such as psychosocial issues like stress, are not readily
assessable and are not covered by regulation. Such risks are outside the scope of this
report. The significance of odour is less clear; although not strictly a health issue, it
is in some cases a public concern (see section 13.5, on landspreading). Noise is
assumed to be either an insignificant risk in the current context, or adequately
covered by existing measures.
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Inhalation
Under normal drilling conditions, the areas of the platform with the highest

concentration of oil mist and vapour are on the drill floor and in the mud area close
to the shale shaker. Statoil (1996a) report on exposure studies showing the
concentration of vapour from drilling fluids to be less than 100 mg/m3 ‘even in the
most contaminated areas.’ Time-weighted averages for low-aromatic and pseudo-oil
drilling fluids are reported to be in the range 0.65-20 mg/m3, with several
occupational health studies obtaining results at the lower end of this range.

Concerning toxicological effects, Statoil report on LC50 values of
>1000 mg/l for mists from polyalphaolefins (hydraulic oils). However, Statoil point
out that there is insufficient information on long-term effects from different types of
base oil and drilling fluid. Also, ‘information about high-molecular ethers, esters,
acetals and olefins is sparse’ (Statoil 1996a, p.7).

In order to assess the inhalation risk to health from the drill cuttings handling
options, the various scenarios involving release of hydrocarbon vapour would have
to be characterised and quantified; this would presumably be dependent on specific
technologies (e.g. for pumps and cleaning equipment) and operational parameters. If
the vapour exposure levels could be calculated, they could then be compared against
available toxicological data, or simply against the limit values given in EH40. These
limit values are expressed as Maximum Exposure Limits (MEL) and Occupational
Exposure Standards (OES), for many (but not all) substances.

Skin contact
Comparison of the dermal risk of substances found in drill cuttings cannot be

based on the MELs and OESs in EH40, even though two of the components of diesel
oil (Naphthalene and Toluene) are also marked ‘sk’, (meaning that dermal contact is
also of concern). This is because MEL and OES values refer to inhalation, not skin
contact.

In EU legislation, skin contact is associated with two toxicological endpoints:
irritation and corrosivity. A skin-irritating substance is one that could cause
inflammation by contact with the skin. A corrosive substance is one that could
destroy living tissues if it came into contact with them. Since proprietary products
vary in their composition, the EU Dangerous Preparation Directive 88/379/EEC sets
out thresholds for assigning either of the two labels to a product. An irritating
product is composed of at least 20% an irritating substance, or 1-5% of a corrosive
substance. A corrosive product is composed of at least 5% of a corrosive substance.

Directive 88/379/EEC is implemented in the UK via the Chemicals Hazard
Information and Packaging for Supply Regulations 1994 (CHIP)13. Also relevant in
the UK is HSE document EH40. This refers to the need for biological monitoring, in
order to detect hazardous substances or their metabolites in tissues, secretions,
excreta or expired air, or any combinations of these, in exposed workers. It also

                                                

13 The Directive is being amended to introduce, inter alia, a new environmental classification of
‘Dangerous to the Environment.’ The revision will be implemented in the UK as CHIP3 at some point
in 1999.
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refers to Health Guidance Values (HGV), which are ‘no effect’ values, and to
Benchmark Guidance Values (BGV), which are 90th percentile values. However,
EH40 does not quantify these values for hydrocarbons. Nor does the accompanying
document HSG 167 indicate what form of biological monitoring is appropriate for
exposure to hydrocarbons. Consultation with Health and Safety Executive (HSE)
officers did not indicate the existence of any explicit, quantitative guidelines on the
handling of hydrocarbon-rich substances.

In Norway, Statoil use OECD 404 as the reference for deriving human
toxicity thresholds for drilling fluids. OECD 404 requires testing on rabbits, for four
hours daily, over five days14.

If the dermal toxicity of the cuttings could be calculated, this could form the
basis for a semi-quantitative comparison of the cuttings handling options. (Since
different tests may give different results, Statoil propose to adopt a simplifying
formula, created by ECETOC, which averages the scores from the tests to produce a
composite ‘Primary Irritation Index’).

Toxicity tests are actually of limited use in assessing the relative risk, due to
skin contact, of drill cuttings piles. In part, this is because the tests focus on the
known toxicity of individual substances. However, toxicity data on substances found
in the cuttings piles may be missing or inadequate. In any case, the toxicity of several
substances occurring together in drill cuttings may not be simply additive, but
interactive. For these reasons, Statoil propose whole mud toxicity testing. This can
be interpreted as whole cuttings testing, in the present context.

Health risk is a function of exposure as well as toxicity, so exposure profiles
for the drill cuttings handling options would need to be described. These profiles
would presumably be dependent on specific technologies (e.g. pumps and cleaning
equipment) and their operational parameters - factors that have not yet been
quantified, or even characterised.

4.12 Summary and Conclusions

Ecology
The literature review illustrates the extent to which knowledge about marine

ecological impacts is complete. Results from the 1992 and 1997 surveys (discussed
in more detail in Chapter 6), coupled with those from the recent (January 1999)
survey, will provide some indication of the temporal dimensions of biodegradation
and thus give a perspective on the evolution of the pile at North West Hutton. The
continued co-operation of the offshore industry should help to ensure that relevant
information becomes more accessible to researchers.

The role of quantified ecological risk assessment in helping to construct an
appropriate foundation on which sound management decisions can be made should
not be underestimated. Decisions on the best approach for managing the North West
                                                

14 Statoil suggest devising new tests for eye irritation, in order to reduce the number of rabbits used.
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Hutton cuttings pile have to be taken in the near future, the use of a risk-based
approach remains, in our view, the most sensible way forward. Understanding the
relative impacts of sediment dispersal will provide crucial information to enable
decisions to be made about the design, implementation and evaluation of existing and
novel technologies that have yet to be trialled in the North Sea.

Energy and emissions
The key to energy and emissions assessments will be to agree appropriate

study boundaries. For drill cuttings piles it will be easier to focus on direct, fuel-
related energy use. However, indirect energy and emissions issues may well be
relevant to some stakeholders and progressing only with direct energy and emissions
assessments would need to be debated and a broad consensus position reached. Even
then, energy assessments fall within a wide band, due to operational uncertainties,
and their discriminatory power is not clear. Emissions can be calculated as a function
of fuel use, with similar caveats.

Health risk and safety assessment
Little is known about the risks to health of inhalation of vapours or skin

contact with the hydrocarbons in drill cuttings. However, there are grounds for
concern, especially for skin contact. Data on cuttings composition, in the form of
safety data sheets, may be inadequate, and whole-cuttings toxicity tests are needed.
To translate the results from such tests into actual risk, the cuttings handling
activities need to be described in detail.

Concluding remarks
As with many other areas of environmental management, this review has

illustrated the difficulties encountered in trying to use quantitative techniques in
assessment. In part, this is due to limited reliability of available information, in part
to limited availability.

On the latter point, although this report draws upon the bulk of the publicly
available literature, it is likely that some relevant material was not obtained – such as
some of the ‘grey’ literature held by companies. Nevertheless, the data gaps
identified in this report can still be considered to be real gaps. The UKOOA drill
cuttings initiative, should help to overcome some of these gaps.

Finally, it should be noted that any assessment can only be used to inform a
decision on acceptability of impacts. It cannot supply the answer to questions
involving values judgements, such as – ‘How clean is clean enough?’ Value
judgement are also needed to decide upon the relative weights of the different impact
categories – it may be the case that, for example, energy usage is not considered as
‘significant’ as ecological impacts. In such circumstances, it is likely that some form
of dialogue and/or consultation will be called upon to inform actual management
decisions on drill cuttings piles.
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5. OPTIONS FOR DEALING WITH DRILL CUTTINGS

This brief section outlines a number of options for dealing with drill cuttings.
Some have been the subject of existing studies (ALTRA, 1996; Cripps et al., 1998)
while others have been relatively overlooked. The less well researched ones (such as ’In
situ bio-remediation’) are worth examining, both out of respect for the Royal
Commission RCEP’s (1988) Principle no. 2 ’Be diligent and imaginative’. (see Section
14 for a discussion of this), and to see whether the situation has been changed by recent
technological advances.

The options identified in the literature include:

• Leave in situ

• Bioremediate in situ

• Dispersal in the marine environment

• Dumping at sea

• Capping

• Burial in the sea bed

• Reinjection

• Onshore treatment of various kinds

The options are interrelated. Thus, ‘in situ bio-remediation’ could come before
all other options. ‘Reinjection’ on the other hand, is most likely to take place before
platform removal. Many of the options are technology-dependent to greater or lesser
extents.

Complete and partial platform removal have different implications:

• If complete platform removal is envisaged, then the question is - how? Cuttings may
cover all or part of the footings. Complete removal would entail disturbing the pile,
which would have environmental impacts, the scale of which is currently unknown.

• If partial removal is envisaged, then it is not clear that all the cuttings could be
pumped up to the surface with the footings still in place, given that the current
technology still has not been tested in a realistic trial.

These may not turn out be problems, but the issues raised have still not been
resolved, despite a good deal of debate. The key point is that options for
decommissioning the platform and for dealing with the cuttings pile cannot be examined
separately.
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The following sections explore the cuttings pile handling options with respect to
North West Hutton. In each case, ecological impacts, energy usage, health and safety
and other relevant factors are highlighted and discussed. Where possible data and
comment are included. Areas of data inadequacy are identified.
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6. NORTH WEST HUTTON - LEAVE IN SITU

6.1 Description and Feasibility

The option of leaving the cuttings pile in situ means that for partial platform
removal the cuttings would be left basically in their present position, ideally with no
physical disturbance during platform removal. This is widely held to be highly feasible,
though untried. Assessing the feasibility of procedures involved, and the amount of pile
disturbance that will result, is beyond the scope of this report. The extent of disturbance
of the pile during platform removal will however be crucial in determining the
environmental impacts of this option.

Leave in situ is sometimes referred to as the “do nothing” option for managing
cuttings piles though this definition does not perhaps pay due regard to the need for
monitoring. This option has significant implications for marine ecology and so, in the
context of this report, merits detailed consideration. Hence this chapter is longer than
those for several of the other management options. This should not be taken as implying
that the leave in situ option is prioritised above any of the other options discussed later.
After a short introductory section on ecological impacts, the case of North West Hutton
is examined in detail, followed by discussion of energy, health and safety and other
factors.

6.2 Ecological Impacts of Leave in situ

Drill cuttings have produced adverse ecological effects around a number of
offshore installations (see Chapter 4). How will this pattern of ecological impacts change
over time if the cuttings pile is left in situ? If this course of action is taken, two natural
processes will operate:

1. Weathering and bacterial degradation of hydrocarbons will occur, leading to changes
in the chemical composition of the hydrocarbons present and reduction of total
concentrations, particularly at locations where hydrocarbon concentrations are
relatively low.

2. Waves and currents, particularly those related to storm activity, may suspend very
contaminated sediments from the centre of the cuttings pile and distribute them onto
the surrounding seabed. Survey evidence, albeit from a limited number of sites,
shows that hydrocarbon concentrations in the centre of the pile are very high (several
percent), so redistribution of material from the pile has the potential to contaminate a
very large area of seabed. In addition, hydrocarbons and other contaminants may
leach from the pile into the surrounding water and lead to undesirable ecological
effects over a broader area.
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In addition to the natural processes man-induced physical disturbance may occur
through trawling activity.

The ecological consequences of leaving the cuttings pile in situ will depend on
the relative importance of these two processes. If weathering and degradation are
dominant, the contaminated area, and consequently the area of ecological effects will
reduce over time. If sediment redistribution is dominant, the affected area will expand
over time. Which process dominates will depend upon the physical properties of the
sediments in the pile and the strength of bottom currents in the area and will therefore be
site specific. An assessment of pile stability and prediction of future ecological effects
will need to be made in each case.  This section of the report also examines how these
predictions might be made for the specific case of North West Hutton.

6.3 Current Conditions at North West Hutton

The ecological impacts of North West Hutton’s cuttings pile to date, in relation
to hydrocarbon and heavy metal contamination have been surveyed in 1992 and 1997.
The 1992 survey was carried out by AURIS (1992), along a transect to the north of
North West Hutton (see Figure 8). Results are discussed below.

With the exception of data on hydrocarbons in sediments (MScan, 1998), results
of the 1997 survey have not yet become available. Surveys of hydrocarbon
contamination were conducted previously, in 1985, (two years after drilling
commenced) and 1989 (See Figure 7 and Table 6.1). The three available surveys (and
the 1997 survey), provide data on hydrocarbon contamination across one third of the
area around North West Hutton and information on biological effects along one transect
only. The remainder of the area has not been surveyed for either contamination or
biological effects.

Comparison of surveys from different years permits assessment of changes in
contamination and effects over time. This is useful in predicting effects from leaving the
pile in situ. The comparison of ecological effects over time has not been possible in this
report due to the lack of data from the 1997 survey.

In the following sections, data on hydrocarbon contamination around NWH from
the three surveys is assessed, related to observed ecological effects and to threshold
values from the literature review. This provides as complete a picture as possible of the
extent of effects and contamination at the current time. Further information required to
predict future patterns is discussed elsewhere (see section 6.5).
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Figure 7. Locations sampled around North West Hutton by IOE survey in
1989 (after IOE, 1989).
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Figure 8.  Locations sampled around North West Hutton in AURIS
survey, 1992 (after AURIS, 1992).
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Hydrocarbon contamination around North West Hutton
Sampling and analytical methods; compatibility of results for comparison
The 1985 survey, conducted two years after drilling commenced, was carried out

by M-Scan Ltd. Samples were taken along a transect of bearing 100° from the platform.
Nine stations were sampled, to a maximum distance of 9 300m. Samples were analysed
for aliphatics by Gas Liquid Chromatography (GLC) and aromatics and aliphatics were
assessed using ultra-violet fluorescence spectroscopy (UV-f) calibrated with a low-
toxicity base oil used at North West Hutton, diesel and chrysene.

In 1989, 12 stations were sampled. Six were along the 100° bearing, three on a
bearing of 135° and three on bearings between 040° and 060° (Institute of Offshore
Engineering, 1989) (See Figure 7 and Table 6.1).  As in 1985, the most distant samples
were at 9 300 m from the platform. Hydrocarbons were measured using UV-f, with
crude oil and diesel as reference calibrations. Aliphatic hydrocarbons were measured by
gas chromatography (gc), and aromatics by computerised gas chromatography-mass
spectrometry (gc-ms).

In the 1992 survey, surface sediment samples, analysed for hydrocarbon content,
heavy metal content and macrofauna were taken at 12 stations along a transect of
bearing 288° (‘platform north’) from North West Hutton out to a distance of 7 500 m
from the platform (see Figure 8). Hydrocarbon samples were analysed by GLC. Some of
the same locations were resampled in 1997, and total hydrocarbon concentrations
determined again, presumably, by GLC.

Samples collected in the 1985 survey and those from along the 100° bearing in
the 1989 survey have been analysed using the same (UV-f, calibrated using a diesel oil
standard). The resulting data should be directly comparable, giving an idea of the change
in contamination over time. The three surveys can also be compared in general terms of
overall levels of contamination from the platform.

The pattern of contamination
Table 6-1 shows hydrocarbon contamination in ppm in different directions

around NWH, from surveys in 1985, 1989, 1992, and 1997. From the available data,
hydrocarbon contamination around NWH is distributed out to 2 500 m bearing 288°; out
to 5 000 m bearing 100°; out to 5 000m to the SE; and at 9 300m to the NE.
Contamination at the last site is probably due to general hydrocarbon contamination in
the area, rather than to drill cuttings from NWH (AURIS 1992). For comparison
background levels of hydrocarbons in the Subregion 1 are 1-10ppm (NSTF 1993a) and
impacts on macrofauna diversity are expected at 3-109 ppm (see section 4.2). The nature
of these hydrocarbons and their source is discussed below.
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Table 6 -1 Hydrocarbon contamination around North West Hutton

Distance from
platform (m)

1985
042°
UV-f (ppm)

1989
042°
UV-f (ppm)

1985
047°
UV-f (ppm)

1989
047°
UV-f (ppm)

1985
058°
UV-f (ppm)

1989
058°
UV-f (ppm)

1985
100°
UV-f (ppm)

1989
100°
UV-f (ppm)

1989
135°
UV-f (ppm)

1992
288°
THC (ppm)

1997
288°
THC (ppm)

50 24 500-
27 900

100 48 200 13 200-
20 200

150 27 600

200 28 000 6 940 21 500 20 800

250 30 200

300 6 970 900

400 3 660 250-610

500 1 100 4 701 1 140

800 740 83.4 82

1200 32 114 77.6 36

2500 14 59.9 58.1 8.2

5000 13 30.1 62.9 4.1

6500 2 79.6

7500 4.2 27

8800 5.9 79.0

9300 6.2 34.1

(Source: M-Scan, 1985,1998; IOE, 1989 and AURIS 1992)

Notes: In the 1997 The hydrocarbon study sites between 500 m and 6 500 m (inclusive) were not sampled.
All Uv-fluorescence measurements are calibrated using diesel oil.
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Studies are usually designed with at least one transect along the dominant
bottom current direction, and often with additional transects (see for example
Olsgard and Gray, 1995; Mair et al., 1987; Daan and Mulder, 1994). This allows the
furthest extent of pollution and likely total area to be assessed. At the North West
Hutton site the bottom currents are dominated by the tidal component (Marex, 1977).
The Marex (1977) study shows these are orientated roughly NW (315°, actual current
data 250-290°) to SE (135°, actual current data 90-150°). Contamination has been
surveyed roughly to the SE in the 1985 and 1989 surveys, (100° and 135° transects),
and to roughly NW (288°) in the 1992 and 1997 surveys15. If the distribution of
drilling mud around North West Hutton was dominated by these currents, it would be
expected that the pile would be orientated NW/SE. This is not obviously the case, as
the pile base appears roughly circular in outline, and recent current meter data,
collected in the 1997 survey indicates a more symmetrical pattern (M-Scan 1998).

If currents are orientated to the NW/SE it is conceivable that an ellipsoidal
pattern of contamination does occur in the distribution of the finer particles. As the
currents involved are relatively small, the larger particles are likely to settle around
the pile (circular pattern) whereas the fines could be distributed further in an
ellipsoidal shape, to the NW and SE. As hydrocarbons are associated with the finer
particles (AURIS, 1992; Stagg, 1992) they are likely to follow this pattern.

For the SE current this is borne out by the higher levels of contamination. In
the 1985 and 1989 surveys contamination appears to be of a lesser degree to the NW
than the SE. Based on the 1997 survey results, contamination to the NW appears to
have increased, with concentrations elevated to 27 ppm at 7 500 m, though this is
probably not derived from drilling muds (M-Scan 1998). Determining the correct
pattern and hence likely future distribution requires further study. We recommend
that surveys of hydrocarbon contamination and biological effects be carried out in
several different directions.

North West Hutton as a source of contamination;
Gas Chromatogram and UV-f analysis provide information on the types of

hydrocarbons involved in order to determine the source of contamination. The 1985
survey concluded contamination at stations out to 800 m was mostly low-toxicity
base oil, some weathered/biodegraded diesel, with an additional component of
lubricating oil or weathered heavy gas oil at 800 m. Hydrocarbons at stations 1 200 –
5 000 m were mostly weathered diesel. At the reference stations, 6 500 – 9 300 m,
contamination was likely to be weathered crude/bunker oil from general oil industry
and shipping in the area (M-Scan 1985). In conclusion, contamination out to 5 000 m
is likely to be from NWH, but not at sites beyond this. A similar conclusion was
reached on the basis of results from the 1997 survey (M-Scan 1998).  Total
hydrocarbon concentrations at 7 500 m from the platform were relatively high (27
J g-1) but consisted largely of a high boiling point unresolved complex mixture

(UCM), which is attributed to low level inputs of crude oil and heavy fuel oil, rather
than to drilling muds. Such contamination could originate from shipping, or from
other platforms in the vicinity. Weathered low-toxicity base oil is described as being

                                                

15 Louise Johnson , Amoco pers.comm
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the source of substantial amounts of the petroleum derived PAHs at sites out to
1 200 m and of some sites 5 000 m from the platform in the 1989 survey (IOE 1989).

In the 1992 survey, hydrocarbon concentrations present are described as
being due to low-toxicity base oil:

“Contamination up to 2 500 m from the platform can definitely be related to the
presence of the North West Hutton development.”

(AURIS, 1992)

Observed ecological effects
The following section is based upon the results of the 1992 survey. The

results of the 1997 survey are not yet available. In 1992, effects on the macrobenthic
communities to the North of NWH were assessed using indices of diversity and
evenness, community composition and the multivariate analysis DCA (Detrended
Correspondence Analysis). The effects are described in terms of three zones of effect
by AURIS. These conclusions are briefly described below and related to the raw
data.

Community composition
The community is described as severely impacted out to 300 m (AURIS,

1992). This corresponds with the presence of abundant opportunist species. In the
review of literature on the impacts on macrobenthos in previous sections of this
report, after complete absence of fauna, an impoverished community with prevalent
opportunists is the most severe impact. This corresponds with the 300 m zone at
NWH. However, a detailed examination of the data on individual species shows that
the opportunist species Raricirrus beryli and Chaetozone setosa are also abundant at
stations 300-800 m, and at 800 m the three commonest species make up more than
60% of the total number of individuals. These opportunistic species occur in very
low numbers at 1 200 m and 2 500 m. This information on community composition
implies that the more severe impact category of "prevalence of opportunists" is more
extensive than 300 m, and sites out as far as 800 m should be placed in this category.
Species composition appears normal at other stations.

Impacts on diversity and evenness
In this study’s review of the literature, the next scale of effects is reduced

diversity. Diversity was measured using two indices, Shannon-Weiner and
Simpson’s Index. Evenness was measured using Heip’s and Pielou’s indices. Results
are shown in Table 6-2.

AURIS (1992) describe the community out to 300 m as impoverished with
diversity greatly reduced. Beyond 1 200 m the community is described as diverse
and ‘essentially normal for the East Shetland Basin’. For a statistical analysis of the
changes in diversity it would be useful to make a comparison with pre-operational
values. In the absence of these, the three furthest stations are used as reference points
in this analysis. Stations at 2 500-7 000 m are described by AURIS (1992) as a
having a normal community for the area. A mean diversity value for the Shannon-
Weiner index, (4.66) and standard deviation (0.677) was calculated using the data
from these stations, which was then used as an expected value to assess results from
other stations. Using these figures, diversity is significantly reduced being below
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3.31(2SD from the mean) out to 500 m. At 800 m and 1 200 m the diversity is below
the mean, but this difference is not statistically significant. This reduction in diversity
is a result of both a reduction in the number of species present and a reduction of
evenness at sites close to the platform.

Table 6-2 Impacts on Diversity and Evenness

Sample Position Diversity

Shannon-
Wiener Index
Hs

Diversity
Simpson’s
Index

D

Pielou
Evenness

Heip Evenness

Station 1 100 m N 2.03 2.6 0.41 0.10

Station 2 150 m N 2.06 3.29 0.47 0.16

Station 3 200 m N 0.89 1.28 0.23 0.06

Station 4 250 m N 1.89 2.07 0.45 0.15

Station 5 300 m N 2.37 2.9 0.48 0.14

Station 6 400 m N 3.02 5.57 0.56 0.17

Station 7 500 m N 2.8 3.05 0.5 0.12

Station 8 800 m N 3.45 5.05 0.58 0.16

Station 9 1 200 m N 4.63 8.96 0.72 0.29

Station 10 2 500 m N 5.17 22.05 0.84 0.49

Station 11 5 000 m N 4.91 11.95 0.77 0.36

Station 12 7 500 m N 3.89 4.95 0.68 0.26

(Source: AURIS, 1992)

Multivariate analysis
Multivariate analyses such as Principal Component Analysis (PCA), have

been used in recent years to assess impacts on macrobenthic communities. These
have enabled detection of the more subtle changes in communities and represent the
most advanced techniques so far available for examining the ecological impacts of
drill cuttings piles. Detrended Correspondence Analysis was used in the 1992 survey.
This is an ordination technique that examines correlations of trends in the community
with environmental variables. It provides information on variables which correlate
with effects overall, but not on changes at specific sites, or concentrations.

The multivariate analysis shows that the fauna changes gradually as one
moves from 400 m out to 5 000 m. The fauna at 5 000 m is very similar to that at
7 500 m, but one could argue that these multivariate analyses show that the fauna at
2 500 m is detectably influenced by the platform. Environmental variables strongly
correlated with effects were total oil content of the surface sediment and the metals,
copper, iron, mercury, manganese, nickel, lead, and zinc. There were strong
correlations between the concentrations of all of these contaminants, so it is not
possible to determine the cause of the ecological changes from these data alone.
However, metal concentrations are very low at sites more than 300 m from the
platform, and so are unlikely to be the cause of the ecological changes.
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6.4 Assessment of Current Ecological Impact Around North West
Hutton

On a transect of 288°, the conclusion of AURIS, that effects are evident in a
pattern of three zones, is unchanged by examination of the data in this report:

• Zone 1 - closest to the platform out to 300 m from the platform the
community is described as ‘impoverished’. Species indicative of pollution
such as Capitella capitata and Rarricirus berylii (Moore, 1991) were
dominant.

• Zone 2 - between 300 and 1 200 m away the community is described as
more diverse.

• Zone 3 - the benthic community beyond 1 200 m is described as diverse
and ‘essentially normal for the area.’

However, the analysis in this report would increase the spatial extent of these
zones. AURIS (1992) conclude major effects were evident out to 300 m and
detectable effects within 2 500 m. This report’s analysis would conclude that major
impacts are evident out to 800 m (due to the fact that opportunist species are
abundant at this distance), reduced diversity is evident out to 500 m, and detectable
effects out to 2 500 m. The acceptability of such changes is not a scientific question
and is an issue which is discussed in more detail elsewhere in this report (see Chapter
4). Biological effects have not been surveyed in any other direction and not in the
direction of the most extensive contamination. In view of the contamination present
at 5 000 m to the SE, we recommend that at minimum, biological surveys are also
carried out in this direction.

Current hydrocarbon contamination related to threshold values
In the 1992 survey, opportunist species were prevalent out to 800 m, where

the total hydrocarbon concentration was 82 ppm. Changes in community
composition occurred out to 2 500 m, where the hydrocarbon concentration was
8.2 ppm. These values are consistent with the threshold concentrations identified
above.

Hydrocarbon distribution over time
Variations in the spatial pattern of sampling and in analytical methodology

among surveys make it difficult to make definitive assessments of how hydrocarbon
concentrations changed during the period from 1985 to 1992. The data from the 1997
survey give some evidence that hydrocarbon concentrations may have decreased
close to the pile during the period 1992-1997, but possibly increased at 7 500 m.
Total hydrocarbon concentrations in surface sediments are lower at 100 m, 300 m
and 400 m in 1997, with the reduction at 300 m and 400 m being particularly
marked. However, concentrations in excess of 20 000 ppm total hydrocarbons (2%)
were found out to 200 m by the 1997 survey.  In addition, some caution must be
exercised in reaching definitive conclusions from a small number of data points. The
1997 data show considerable vertical heterogeneity of hydrocarbon concentrations,
and there is a more than two-fold difference in concentrations among the three
samples taken at 400 m from the platform. In addition, total hydrocarbon
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concentrations may not give a very precise guide to toxicity, as the less toxic
aliphatic fractions weather much faster than the more toxic PAHs. In the 1997 survey
no samples were collected between 400 m and 7 500 m from the platform. The
ecological data from the 1997 survey were not available at the time of writing this
report.

6.5 Summary of Ecological Effects

• Major ecological effects (dominance by opportunist species) are evident out to
800 m to the north of North West Hutton. Detectable effects are evident within
2 500 m.

• Hydrocarbon concentrations close to the platform remain very high, with
concentrations in excess of 2% total hydrocarbons occurring at distances out to
200m from the platform (MScan, 1998).

• Hydrocarbon contamination likely to be from North West Hutton is evident out to
2 500 m on a bearing of 288° to the North, (AURIS 1992), out to 5 000 m on a
bearing of 100°, out to 5 000 m to the SE (135°). In comparison with other sites in
the North Sea, hydrocarbon concentrations at these distances are relatively high
(such as Veslefrikk, and Gyda in Olsgard and Gray, 1995 for example).

• When related to threshold values for effects, contamination at these sites is within
the range likely to cause reduced diversity.

• Contamination is also evident at 9 300 m to the NE, though this is likely to be due
to general contamination from the industry and shipping in the area.

6.6 Ecological Consequences of Leave in situ at North West
Hutton

There is a reasonable picture of the ecological conditions around North West
Hutton in 1992, and a partial view of the situation in 1997 will be established once
the data from the 1997 survey are made available. In the light of this information,
what predictions can be made about the likely changes over time in the ecological
impacts of material from the North West Hutton cuttings pile?  As noted above, this
will depend upon the relative magnitudes of the rate of hydrocarbon breakdown in
the contaminated area surrounding the pile and the rate at which additional
contaminated material is eroded from the pile and re-distributed across this area.
Tidal currents at North West Hutton are quite strong, and could disperse sediments
from the pile. The Marex survey reported peak currents of 48 cm/s, and currents
were greater than 20 cm/s for approximately 10% of the time (Marex, 1977). These
currents are strong enough to transport fine sand sized material. We strongly
recommend a modelling study coupled with detailed geotechnical characterisation of
sediments in the pile.  These models could be validated using measurements of
suspended sediment concentrations in the vicinity of the pile.  These dispersion
models could then be used to predict how the spatial pattern of contamination will
change over time, including an assessment of the influence of extreme events. The
threshold concentrations at which effects occur can then be used to predict the
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ecological consequences of this contamination.  Some consideration also needs to be
given to the question of whether removing the platform will alter the extent to which
pile disturbance occurs, either by altering the local bottom currents or by allowing
access to fishing vessels.

Perhaps the most informative predictions of the likely long term
consequences of leaving the pile in situ for the ecology of the area around the North
West Hutton will come from an assessment of how the ecology around North West
Hutton has changed since drilling ceased. It has not been possible to make such an
assessment in this report, as the ecological data from the 1997 survey were not
available at the time of writing. In any case, sites from 400 m to 6 500 m were not
sampled in 1997, severely limiting the extent to which such an assessment will be
possible when the survey data do become available.

If leave in situ is to be proposed as a serious option for the North West
Hutton pile, it is vital that a full survey of ecological effects is made, to allow an
assessment to be made of changes since 1992. A further survey was carried out in
January 1999, which successfully resurveyed almost all of the sites on the platform
north transect, and some to the south east. This will allow an assessment of changes
since 1992 to be made.

If the cuttings pile is left in situ, there will be some long-term slow leaching
of hydrocarbons into the water column. Any hydrocarbons leached from piles will
contribute to the overall loading of hydrocarbons to the North Sea, which is an issue
of some concern. However, the total inventory of hydrocarbons in cuttings piles in
the North Sea is comparable in magnitude to the annual input of hydrocarbons to the
North Sea. Any releases from cuttings piles left in situ will take place over a period
of several years and probably several decades, so the annual contribution to the
North Sea will be relatively small. Cordah (1998) give some discussion of the extent
to which hydrocarbons from cuttings piles left in situ may give rise to tainting of
seafood. However, there does not seem to be a major problem of hydrocarbon taint in
fish currently being caught in the North Sea and there is no reason to expect the risk
of this to increase with time.

The following recommendations would establish the distribution and full
extent of ecological effects around North West Hutton. Updating available
information would be extremely useful for determining the patterns of contamination
and effects, thus enabling prediction of future patterns/ extent:

1. Oceanographic study of bottom currents and conditions around North West
Hutton.

2. Modelling to determine distribution of contamination in the future if the pile is
left in situ.

3. Further seabed surveys of hydrocarbon contamination to update previous studies
and to examine contamination in other directions.

4. Biological surveys in other directions especially to the SE (100-135°).
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6.7 Energy Impacts of Leave in situ

The amount of energy required for platform removal is considered to be part
of the general decommissioning assessment and not specific to the options for
handling drill cuttings piles. It will therefore not be considered here.

In the recent Rogaland report (Cripps et al., 1998) the energy cost of the
ongoing post-decommissioning monitoring requirement was calculated at 4 086 GJ,
based on two post-decommissioning surveys of 2 days each - the duration of the
surveys at Hamilton’s Crawford site (M-Scan 1991 and 1992). The indirect energy
cost of the oil in the cuttings pile can also be calculated, based on energy constants
and on the range of estimates for the pile oil content, previously given. The results
are shown in Table 6-3. (N.B. it has already been stated, however, that such an
‘indirect’ energy figure will not be taken into account).

Table 6-3 The ‘Leave in situ’ energy cost –monitoring and the indirect energy
value of the oil in the North West Hutton cuttings pile

Best Average Worst

Diesel 180 445 944

Low-tox 403 1 025 2 173

Total (tonnes oil) 583 1 470 3 117

Indirect Energy
(TJ)

25.83 65.12 138.08

Total Energy (TJ) 29.91 69.2 142.16
Note: This uses Cripps et al.,’s energy value of 44.3 GJ/tonne for ‘cuttings and marine oil’, rather than
the figure of 45.4 GJ/tonne cited for ‘diesel oil.’

6.8 Health and Safety Impacts of Leave in situ

The health impacts of leaving the pile in situ cannot be worked out without
knowing the rate of potential leaching from the pile. A causal model of how any
leached substances can affect health is also needed, along with an identification of
the people at risk. The choice of complete or partial removal will also involve some
degree of dispersion of pile content. However, none of this information is at present
available.

The safety aspects of leaving the pile in situ bear almost exclusively upon
fishermen, and belong to the more general debate on the merits of partial platform
removal.

6.9 Other Factors

Perhaps the most important issue for the leave in situ option is that of residual
liability. This is clearly an issue for partial platform removal too and has been
discussed earlier in the report. Another associated concern is that leaving the pile in
situ could be perceived as ’Doing Nothing’, which is politically undesirable.
However, the ‘leave in situ’ options will still involve some level of management
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activity. This is likely to include ongoing monitoring and providing access to any
interested parties (though the safety aspects of this may well become of increasing
concern as time goes by and the platform begins to deteriorate.

The wording of the UK government press release of July 23rd 1998 indicates
that there are possible benefits to fish populations of partial platform removal
(involving leaving the cuttings pile in situ) that have not been recognised. Picken and
McIntyre (1989) have described possible benefits of ‘rigs to reefs’. However, there is
doubt as to whether there are overall benefits to fish populations or whether
platforms merely act as aggregating devices, and the resulting aggregated fish
populations are inaccessible in terms of fisheries in the offshore environment. The
benefits to fisheries are manifest in the inshore environment where they are
accessible, as experience in the Gulf of Mexico has shown.

6.10 Recommendations

The long term evolution of a particular cuttings pile may vary from complete
stability to gradual dispersal of material from the pile, with a resulting steady
increase in the spatial extent of sediment contamination and adverse ecological
effects. A continued increase in the area of adverse environmental impacts is unlikely
to be politically acceptable, unless it can be shown that these effects will not persist
for a long period.  At the other extreme are cuttings piles that are not subject to
erosion.  In this case, if adverse environmental effects away from the contaminated
core are reducing over time, it may be preferable to leave the pile undisturbed, with
the platform footings left in place to avoid disturbance, and perhaps to protect the
pile from disturbance by fishing activity.

The environmental acceptability of leave in situ will therefore be site specific.
Assessment of this will require a detailed understanding of how the pattern of
adverse ecological effects is changing over time and predictions of how this will
change in the future.  To understand this, site specific research will be needed to
establish:

The current ecological impacts of material derived from the cuttings pile.

As assessment of whether the spatial extent of the impacted area is stable,
increasing or decreasing.

As assessment of future pile stability.  In particular, an assessment of pile
stability when exposed to extreme storm events will be necessary.

An assessment of the likely magnitude of physical disturbance from other
activities such as fishing will also be necessary.  This will require a combination of
mathematical modelling and observations, including the characterisation of its
geotechnical properties.
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7. NORTH WEST HUTTON - IN SITU BIO-
REMEDIATION

7.1 Description and Feasibility

There is a much work at present on the aerobic bio-remediation of
hydrocarbon-contaminated onshore sites, and many consultancies offer commercial
solutions. However, the situation in the North West Hutton cuttings pile is different,
in that the pile has little or no available oxygen, and is in a cold, dark, saline
environment.

There was a proposal in 1995 by Response Environmental Services to carry
out a feasibility study involving the application of a nutrient-rich ’gel’ to the North
West Hutton cuttings pile. Amoco did not pursue this proposal on the grounds that
the geotechnical information indicated it to be unfeasible.

There is little current interest in bioremediation, aerobic or anaerobic, in
such an environment16. Nevertheless, in situ bioremediation has been identified as a
generally neglected area in the drill cuttings debate (Rullkötter, 1997). The
technology is rapidly changing and new approaches are being developed at an
increasingly fast rate. Internet searches have also shown that there are a number of
potentially relevant research and commercial projects. The modus operandi varies:
finding alternative electron acceptors, stimulating natural anaerobic bacteria, adding
sources of slowly diffusing oxygen. All the activity seems to be in North America.
Although these have a different target from subsea drill cuttings piles, they are still a
potential source of expertise.

Amoco Production Company (USA) showed interest in 1993 in investigating
the potential for stimulating aerobic bio-degradation. A simple pipe-based vacuum
system was suggested which would draw seawater through the pile, and thereby
ensure that all parts of the pile were exposed to a constantly replenished source of
oxygen. This proposal was not pursued, although it is comparatively low
technology, and has well-defined inputs and outputs. The feasibility of this approach
has been questioned, on the grounds that the ‘geotechnical character of the pile
material was such that it was unlikely that water would be drawn into the pile, so
biodegradation rates would not be appreciably enhanced. 17’ The study itself is five
years old, and the original documents no longer exist. Further investigation would
be needed to assess the theoretical feasibility of this concept.

Any proposed solution involving bioremediation is likely to involve a trial.
The time span and operational requirements of this trial need to be specified, so that
they harmonise with the decommissioning scenario for the platform itself.

                                                

16 Gordon Picken, Cordah (pers. comm.)
17 John Hartley, Environmental Consultant, Hartley Anderson Ltd. (pers. comm.)



Centre for Environmental Risk

115

7.2 Ecological Impacts of in situ Bioremediation

If a suitable technique can be found there could be ecological benefits of in
situ bioremediation. The benefits will again depend on the relative importance of the
processes of weathering and degradation vs. sediment redistribution. As
hydrocarbons appear likely to be the main cause of ecological impacts then if rates of
bacterial degradation of hydrocarbons can be increased by bioremediation this could
reduce ecological impacts. However, it would not necessarily reduce impacts from
other causal factors.

7.3 Energy Impacts of in situ Bioremediation

There are insufficient data to consider this category of impact.

7.4 Health & Safety Impacts of in situ Bioremediation

There are insufficient data to consider this category of impact.

7.5 Other factors

Bio-remediation gets positive coverage in a wide range of non-
technical/popular literature. It is without doubt a rapidly developing field and
associated with much innovation.

7.6 Recommendations

1. Contact centres of specialist in situ bio-remediation expertise throughout the
world.

2. Continue search for bio-remediation work in conditions similar to those at North
West Hutton.

3. Clarify the time-scales for any trial, specifying end points (what counts as
successful bioremediation?) and trial parameters (e.g. what constitutes a
successful rate of bio-degradation?).

4. Continue looking at the 1993 Amoco proposal for pipe-based oxygenation of the
pile, at least to the level where a simple mass balance of the process can be
drawn up.
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8. NORTH WEST HUTTON – CAPPING AND BURIAL

8.1 Description and Feasibility

Capping
Capping the cuttings pile implies postponing rather than solving any potential

problems, since no capping will be permanent.

Cripps et al. (1998) nevertheless suggest laying concrete mats over the pile.
The mats, measuring 5 m x 4 m, would be lowered roughly into place, then
positioned and joined together by divers. About 600 mats would be required for the
120 m diameter North West Hutton cuttings pile. The feasibility of this option is not
clear.

Capping could alternatively use semi-porous material, such as clean sand.
This would serve to slow down the release of any contaminants, while still
permitting (very) long-term bio-degradation. Gravel dumping is another option,
either directly from the surface or down a chute. Dredging companies with deep sea
offshore experience will have the necessary equipment.18

Some contacts suggested covering the pile with organic material, such as
waste, in order to promote bio-degradation19. However, it is likely that this would
only have a superficial effect. The lack of bio-degradation is not due to the lack of
carbon, but to the lack of oxygen within the pile.

Finally, the pile could be covered with other sediment.20 This would have the
advantage of being both natural and moderately porous, allowing long-term bio-
degradation, as mentioned above.

Burial
Burial of the excavated cuttings pile would be combined with capping, and

may therefore be considered a special case of capping.

Cripps et al. (1998) suggest that the Jet Prop excavator (Underwater
Excavation Ltd, Aberdeen) would be suitable for excavating four pits to hold a pile
of the same size (about 25 000 m3) as that at North West Hutton. This equipment is
capable of excavating trenches at depths of up to 5 m in a single pass, though only
up to 8 m total. Four pits, approximately 28 m x 28 m x 8 m deep would
theoretically be enough to contain the North West Hutton cuttings pile. The actual
dimensions would presumably be somewhat larger, to account for sloping sides. The
disposal of the dredged material remains unclear.

                                                

18 For example, Dredging International, Web site - http://www.dredging.com/
19 John Best, U.K. Waste and Tony Gilks, Northumbrian Water (pers. comms.)
20 Dr Jon Taylor, Environmental Science, UEA (pers. comm.)
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8.2 Ecological Impacts of Capping and Burial

Capping
Capping with concrete mats will create an artificial environment very

different from the surrounding sea floor. This will be colonised by organisms typical
of hard substrata, producing a community greatly different to the usual sediment
dwelling benthos. There could be considerable disturbance of the cuttings pile during
the emplacement of the mats, increasing the extent of contamination away from the
main area of the pile. When covered by concrete mats, oil degradation rates will be
reduced to some degree, depending on how continuous the covering is when in place.

There is some experience in the USA of capping mounds of dredged material
in water with a layer of sand, to reduce contaminant leaching and erosion of
sediments (Brannon et al, 1985; Gunnison et al, 1987).  Capping a cuttings pile with
uncontaminated sand would provide a substratum that would be more similar to the
surrounding sea floor and could reduce leaching and sediment redistribution. Oxygen
would be able to diffuse into the sand layer, allowing biodegradation of any leaching
hydrocarbons by bacteria within the sediment. However, the rate at which oxygen
could diffuse to the surface of the drill cuttings would be reduced by the layer of
sand, so there would be some reduction in rates of hydrocarbon degradation.

Burial
The major ecological concern of the burial option is the extent of

resuspension of hydrocarbons, sulphides and other toxic matter during dredging into
the excavated pits. This is the same problem as faced by options involving removal
of the cuttings pile to the surface, and quantification of the extent of dispersion is
likely to be equally challenging.

8.3 Energy Impacts of Capping and Burial

These have not been calculated. They could be extrapolated from Cripps et
al. (1998).

8.4 Health & Safety Impacts of Capping and Burial

These have not been calculated but there are grounds for concern over the
safety aspects of Cripps et al.'s ‘concrete mat’ suggestion. The sheer number of mats
required (hundreds), the disturbance they could cause to the cuttings, and the
protracted and novel nature of the operation are all important factors for
consideration. This option would likely require divers which would generate
additional safety concerns.

8.5 Other factors

There will be a long-term monitoring requirement - physical, chemical and
biological. Other factors include: the (virtually) irreversible nature of capping and/or
burial; potential negative effects on corporate image (‘toxic dumps’); and the
question of residual liability (as for the ‘Leave in situ’ option).
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8.6 Recommendations

The key to making either capping or burial & capping feasible is to strike the
right balance between preventing the environment from damage and allowing some
oxygen to gain access to the pile, for purposes of bio-degradation. To this end,
further detailed study is required. Existing research on bio-degradation and leaching
will hopefully provide (some of) the necessary data. In addition, there are a number
of engineering studies and technical guidance notes on capping and dredging from
the U.S. Army Engineer Waterways Experiment Station (Palermo 1992a, 1992b and
Palermo et al 1998).
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9. NORTH WEST HUTTON - DISPERSAL OF CUTTINGS

9.1 Description and Feasibility

Cuttings are dispersed naturally by the effect of tides and currents. However,
this applies mainly in the southern North Sea. The calmer conditions in the northern
and central North Sea are conducive to the formation of cuttings piles. There is
concern that the currents around North West Hutton may still be strong enough to
disperse the finer particles of the pile.

Cuttings can be dispersed artificially, by using a ‘water jet’ device suspended
from the surface, or by trawling over. The case for doing this is that it allows for
enhanced degradation of the hydrocarbons, and also removes obstacles to fishermen.
To assess both feasibility and environmental effects, case studies of actual dispersal
are needed.

It should also be borne in mind that dispersal could be informally viewed as
‘dumping’, since it involves the transport of cuttings to a ‘clean’ part of the seabed. In
this case, it may well be legally and/or politically unacceptable although it would not
be considered to be dumping under the Food and Environment Protection Act (1985).

9.2 Example of Water Jet Dispersal - BP / Magnus

It is fairly common practice for cuttings to be moved around the seabed to
facilitate access to subsea platform structures. Powerful water-jet equipment is used to
create the necessary force (such as the Jet Prop, by Underwater Exploration Ltd,
Aberdeen). In 1987, IME used a water-jet to remove about 3 500 m3 of drill cuttings
at the BP Magnus platform, to do some subsea work. Oil was seen to float up to the
surface and form a sheen on the sea. The DTI have also asked for the 'transfer' of
4 000 m3 of cuttings at the Enterprise/Nelson field21. Cuttings are also being moved at
the Ekofisk field to allow sub-sea tie-ins.

Both these examples are relatively small scale, but the people involved could
be traced to see what, if any, monitoring work was done before or after the operations
(for Magnus, the contractor involved thought that no environmental survey was
done22). Monitoring work may have been carried out on other dispersal operations.
UKOOA’s recently compiled list of North Sea environmental surveys might be a
useful starting point23.

                                                

21 Greg Sloan, AEA (pers. comm.)
22 Alastair Punt, IME (pers. comm.)
23 Janet Cowden, on behalf of UKOOA and ERT (pers. comm.)
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9.3 Example of Trawling - Crawford

The Crawford gas platform (situated just above 59° N, in the northern North
Sea) was decommissioned in 1990. There were a number of cuttings piles, said to be
10-15 m in diameter and half a metre high. They were trawled in early 1991.
Crawford was operated by Hamilton Brothers Oil & Gas Limited, now BHP
Petroleum Limited.

There is little information on the contents of the Crawford cuttings pile.
Correspondence shows that the Department of Agriculture and Fisheries in Scotland
(DAFS) requested, in November 1990, removal of the four cuttings piles which were
thought to contain the most toxic oil (Buchanan ‘TR3’). Concern was expressed about
leaching from these piles, which were estimated (a paper calculation) to contain
between 240 and 480 tonnes of oil24.

Hamilton Brothers Oil & Gas initially considered that ‘the most realistic
approach [was] to leave cuttings as they are, allowing the oil to biodegrade over a
period of time.’ However, at a meeting with the Scottish Office Agriculture and
Fisheries Division (SOAFD) in April 1991, SOAFD advised that the cuttings required
dispersion, as ‘[TR3] had been shown to be toxic, and dispersion was the best way of
encouraging rapid biodegradation. There was concern that fishermen would anyway
be trawling the area once it was clear, and it was felt sensible to anticipate this and
begin the biodegradation in a more orderly manner25.

Trawling was carried out along a 500 m wide corridor in summer 1991, using
heavy chains. No problems were noted with the trawl (contrary to some anecdotal
reports). The area was trawled repeatedly until no more drag was felt. Before the
trawl, divers had reported that the cuttings piles material had a ‘soft, gooey
consistency’, and that they sank up to their knees in it. No diver or other inspections
took place immediately after the trawl26.

The trawling operation is described in general terms in Dall et al. (1992).

It may well be that other, larger-scale cuttings piles were trawled and the
process documented. No such evidence was found during the preparation of this
report.

9.4 Ecological Impacts of Artificial Dispersal of Cuttings

Prior to trawling a seabed survey was carried out at Crawford by M-Scan in
1989. To date, two post-trawling seabed surveys were carried out at Crawford, the
first by M-Scan (1991) and the second by AURIS (1995a). BHP Petroleum kindly
supplied the surveys and a short dossier of correspondence containing with sample
pages from a log/description of the actual trawling operation27.

                                                

24 Denise Barren at DAFS
25 From minutes of meeting between Hamilton Bros. and SOAFD 9/4/91
26 Robin Gilliver, Environmental Adviser, BHP Petroleum (pers. comm.).
27 Thanks to Mark Hazell at BHP.
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The surveys have not been analysed in detail. However, they indicate that, in
the three years between the 1991 and 1994 surveys, the most heavily contaminated
area, the wellhead, went from 1 100 µg/g to 250 µg/g total hydrocarbon
concentration. Against this, there was an increase in one direction at a 1 000 m
distance. Primary opportunist species recorded lower densities in 1994, compared to
1991, while secondary opportunist species were ‘numerically dominant’, which
suggested that ‘sediments across the survey area may be recovering.’ The 1989 M-
Scan pre-trawling survey would allow valuable 'before-dispersal' and 'after-dispersal'
comparison. Unfortunately, this survey was not obtainable at the time of writing.

Ecological impacts of dispersal could be determined by modelling the likely
distribution of hydrocarbons and subsequent comparison with threshold values
associated with the range of effects and MPC/EQSs values from OSPAR (1994).

To assess the environmental consequences of dispersal in a particular case,
some assumptions are needed about how this will be done. The cuttings pile at North
West Hutton is estimated to have a volume of 25 225 m3 and this sediment is assumed
to contain hydrocarbons at an average concentration of 3.49%. Assuming the
background hydrocarbon concentrations are zero, the contaminated sediment is spread
evenly across the seabed, and then mixed into the sediment to a depth of 10 cm, then a
cubic metre of sediment from the pile would raise surface sediment concentrations to
10 ppm over an area of 30 000 m2. If background hydrocarbon concentrations were
taken into account, this area would be greater. If the whole cuttings pile were evenly
distributed, this would raise concentrations to this threshold over an area of 8.8 x 108

m2, which corresponds to a circle 33.6 km in diameter.

Dispersal would deal with the contaminated core of the cuttings pile, and
biodegradation of the dispersed cuttings would be relatively rapid (perhaps a few
years). However, the intermediate stage would entail the extension of the
contamination over a relatively large area. In addition, there may be significant
releases of hydrocarbons during the spreading process. Disturbance of the cuttings
pile is only likely to be acceptable if the majority of the material that it contains can
be removed as a result.

9.5 Energy Impacts of Artificial Dispersal of Cuttings

The Crawford dossier does not say how many hours the trawl took, so energy
costs cannot be calculated (with a view to extrapolating them to the North West
Hutton situation).

For the same reason, emissions have not been calculated,

9.6 Health & Safety Impacts of Artificial Dispersal of Cuttings

There are insufficient data at present to calculate health and safety risks.
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9.7 Other factors

Other factors include: a long-term (and scientifically challenging) monitoring
requirement; the irreversible nature of the operation; negative effects on corporate
image – this latter is fairly likely, given that this is the marine equivalent of the
largely discredited ‘dilute and disperse’ approach to onshore pollution control.

9.8 Recommendations

It would be useful to locate the 1988 and 1989 Crawford surveys (M-Scan,
1988 and 1989).
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10. NORTH WEST HUTTON - LIFT CUTTINGS TO
SURFACE

10.1 Description and Feasibility

Brown & Root (1997) reviewed nine proposals for cuttings recovery and
removal. They commented that all the proposals lacked sufficient detail to run a
hydrodynamic study on them, also that there seemed to be no ’off the shelf’
technological solution yet available. Evidence of progress for three of these nine
proposals was examined: AEA Technology (AEA); Ian Murray Engineering (IME);
and HAM dredging. This selection was governed in part by time constraints and
should not to be taken to imply any kind of pre-judgement on the viability of the
other proposals.

Sub-sea crawler - AEA’s Mobivac’
The end of a pump hose is directed onto the cuttings pile by a subsea crawler,

or by an ROV for areas that could not otherwise be reached. A centrifugal pump is
used to pump cuttings up to the platform, and these cuttings are reinjected into one of
the former producing formations.

Though Brown & Root (1997) expressed concerns that the subsea crawler
could get trapped, AEA consider that this problem could be avoided through use of a
remote reaching tool for the more inaccessible areas of the platform substructure.
Brown & Root (1997) also considered that the pump might not be able to overcome
the head of water. AEA are testing the reinjection part of the apparatus in the Middle
East, but not the actual pump. An important question remains about the degree of
disturbance from the drill head, which incorporates an auger to break the cuttings
surface up. AEA are redesigning the drill head to work on a suction principle, and
intend to use in-house modelling to predict any disturbance. 28

Scavenger pump - Ian Murray Engineering29

This is also known as the ’Pneuma’ pump, produced by Pneuma Srl, Italy. As
a hydrostatic pump it works on a compressed air input & vacuum cycle and so has
few moving parts. There is demonstrated success in shallow waters, and it is being
developed further by Pneuma and IME to work in deeper waters - EU ’Thermie’
project. Deep water development requires an ROV to position the suction head.

There are two models of the pump:

• Pump model - 60/10, Discharge volume - 85 m3/hour

• Pump model - 150/30, Discharge volume - 180 m3/hour

                                                

28 Greg Sloan, AEA (pers. comm.)
29 Alastair Punt, IME (pers. comm. and literature)
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The smaller, more manoeuvrable pump is proposed for the North Sea. A
diagram of the pump is included (see Appendices 8 and 9 taken from Environment
Canada’s website).

Sub-sea crawler - HAM Dredging
The Netherlands company HAM Dredging were contacted to see if they

could offer any fresh approach to the task of removing drill cuttings. It should be
borne in mind that HAM responded at short notice, so the information is only
summary. More details are available upon request30.

HAM propose a technique apparently taken from a Master's degree
dissertation by a student on placement with them. The scenario assumes that inter-
company collaboration exists, being based on the batch removal of five 15 000 m3

cuttings piles 'per season'. All the calculations below are extrapolated from this
scenario (i.e. all the values are divided by five).

The intention is to use in-house ROV's, and remove the cuttings with an
auger excavator and positive displacement pump. HAM say that this pump can be
used at depths, but would need to be trialled, since the viscosity of the cuttings is the
crucial factor.

HAM propose to transport the cuttings ashore, for further treatment (place
and treatment unspecified in their brief summary document), using their own fleet of
hopper vessels, operating at 83% of the maximum 1 000 m3 capacity. HAM also
mention the need for dewatering of the cuttings.

10.2 Ecological Impacts of Lifting Cuttings to Surface

The main impact is likely to come from re-suspension of contaminated
sediment during the removal operations. The novelty of the technologies involved
means there is considerable uncertainty about the amounts that would be re-
suspended. The fate of any re-suspended sediment, including the concentrations of
substances in the water-column, is also uncertain.

If appreciable amounts of material are resuspended, the ecological effects
could be quite considerable, as hydrocarbon concentrations within the pile are still
high. If the spatial distribution of contamination resulting from lifting to surface can
be predicted, the threshold concentrations derived in Chapter 4 can be used to predict
the likely ecological effects. Comparisons could also be made with guideline
environmental quality standards set by OSPAR (1994a) below which no effects are
likely to occur.

Technology trials are needed to help estimate the amounts that would be
resuspended. Only one such trial was found, for the 'Pneuma' pump, and is described
below.

                                                

30 Nick van Ginkel, HAM, (literature and pers. comm.)
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AEA
The ecological impacts of AEA’s proposal were not specifically assessed.

‘Scavenger’/ ‘Pneuma’ pump trial at Collingwood Harbour, Canada
The 150/30 version of the pump was trialled by Environment Canada in

Collingwood Harbour in November 1992, as part of the Great Lakes cleanup. It is
one of the three that met the standards given below and went on to win the bid to
remove additional sediment from the harbour. Appendix 3 shows a schematic
diagram of the trialled pump. A photograph taken from Environment Canada’s
website in Appendix 4 illustrates the pump.

The field test criteria were:

• minimal resuspension

• maximised solid content

• good manoeuvrability

• accurate positioning

• mobility

• suitability to hydrodynamic conditions.

The locations for field testing the technologies were selected to provide a
range of environmental conditions with respect to sediment size and contaminant
levels. Technologies were matched with the environmental setting most appropriate
for field-testing.

The general operational and performance standards for field-testing included:

• Turbidity: Not to exceed ambient levels by > 30%, 25 m from operation;

• Suspended Solids: Not to exceed ambient levels by > 25 mg/l, 25 m from
operation when ambient levels are lower than 100 mg/l. When ambient levels are
higher than 100 mg/l, total suspended solids shall not be increased by more than
10% at 25m from the operation;

• Total Organic Carbon: Within the range of 4-27 mg/l, 25 m from operation.
Not to exceed ambient levels by > 30% when background concentrations > 27
mg/l;

• Removal Efficiency: Solids to liquids ratio should be > 30% by volume; and

• Effluent Quality: Solids suspended in any slurry mixtures must be capable of
being removed and any effluent should be treated

These standards were refined on a site-specific basis.
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Results of Collingwood trial
Environment Canada gives the results of the Pneuma pump trial at

Collingwood Harbour in various reports (Environment Canada, 1998; Pelletier, 1994;
HSP Inc., 1993a and 1993b). Turbidity data were obtained from two stations 10m
from the dredge, inside an area closed off by ’a silt curtain.’ The performance of the
pump was satisfactory, with respect to turbidity and the suspended solids ’pass’
levels. Key parameters for the trial were: a shallow dredging depth (from half a metre
to several metres); an average production rate of 45 m3/hour; and solids composition
in slurry of 30.7%.

Collingwood Harbour is an old shipyard, and the pump was extremely
vulnerable to getting blocked by cable and pieces of metal debris (items larger than
tin cans). These had to be removed manually. Environment Canada in their report
made a recommendation for more access ports in the pump. Reference is also made
to a US EPA trial of the same pump in Gibraltar Lake, California, in 1988.

Throughput was held down by these blockages, and without blockages could
go up to 55m3/hour. IME themselves give a figure of 85 m3/hour and claim that
design changes could lead to rates of up to 1 000 m3/hour, with the limitation that
particle size to a maximum diameter of 25 - 30 mm can be entrained. This is amply
sufficient for the cuttings, however – the 1992 survey records the core sample
particle size clustering variably (according to core) between 0.25 mm  (fine sand)
and 0.0039 mm (very fine silt).

For the North Sea, Brown & Root (1997) also identified a design problem in
that the suction head would be liable to collapse under pressure at depth. A more
robust suction head would be correspondingly more difficult to manoeuvre with an
ROV. IME say the pump is currently being redesigned.

It is not clear how far the results obtained at Collingwood Harbour can be
extrapolated to the conditions prevailing at North West Hutton, bearing in mind the
differences in sediment, temperature and, above all, depth. What is more relevant is
the Collingwood approach through their use of quantified assessment thresholds.
The key issue is how these thresholds are set. For North West Hutton, the thresholds
will be derived from concentration levels in the water column, duly based on
ecotoxicological and dispersion models. Whatever the actual level of the thresholds,
they will constitute necessary performance criteria for the equipment.

Further issues
A Scavenger trial for the North Sea was put on hold in late 1995. IME's

position is that the Phase 2 trial of the pump was not closed off, and that the pump's
feasibility has not yet been properly assessed. This is also the general position of the
other technology providers who were contacted.

One issue, which is crucial for subsequent operations, is the uptake of water
with the cuttings. The average water content of the North West Hutton pile is about
45%, or 55% solids. If the Pneuma pump had about the same performance at North
West Hutton as at Collingwood (30% solids), there would be about 100% extra water
by volume taken up (or about 1.5 times more in total volume). It has been speculated
that the uptake of extra water could in fact be several times greater than 100%. This
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water would be contaminated with oil and perhaps with other substances. It is
possible that the water would be sufficiently contaminated to preclude its disposal at
sea. However, it is not possible to predict the scale of this problem accurately until
technology trials have taken place.

Another question concerns the effectiveness of cuttings removal with the
platform jacket still in place. The literature implies that a combination of large and
small-scale equipment will rise to the challenge, but this is unproven (see previous
comments on the vulnerability of the Pneuma pump to debris).

It is also not clear what degree of disturbance will be caused by the removal
of the jacket before any or all of the cuttings are removed. The amount of such a
disturbance is arguably impossible to estimate in the abstract (though one optimistic
view is that the jacket legs can easily be slid out of the cuttings, with minimal
disturbance31). A lot depends upon the operational details of decommissioning, and,
as such, is beyond the scope of this report.

10.3 Energy Impacts of Lifting Cuttings to Surface

Energy consumption figures are highly variable and also uncertain. Rather
than attempting to compare different companies’ technologies, an estimate will be
made for individual items of equipment, ‘pooling’ the estimates from different
sources. This will highlight the major energy users in each option. To give an
informal idea of the comparative significance of the figures given below, reference
should be made back to section 4.

Pump
Energy use is determined by contact time (i.e. time in actual use). However,

contact time and use-per-day will determine the elapsed time. It is conservatively
assumed that the pump will be in use on average 12 hours per day.

No data were available on the AEA pump.

For the Pneuma pump, (IME's ‘Scavenger’ pump), if the 45 m3/hour rate,
found at Collingwood Harbour, applies, then hours taken = 25 225 / 45 = about 560
hours, or 47 days. (The Cripps et al., report uses 40 m3/hour. However the
Collingwood harbour figure is drawn from a real trial, so will be used instead.)

If 85 m3/hour rate, cited by IME, applies, then, then hours taken = 25 225 / 85
= 298 hours or 25 days.

Both these figures assume no extra water dilution. If, however, there is about
100% extra water uptake, then the figures can be multiplied by 1.5 (i.e. the pumped
cuttings are about 2:1 water: solids, rather than about 1:1), giving an upper bound on
time of 560 x 1.5 = 840 hours or 70 days.

                                                

31 Hugh Williams, Heerema (pers. comm.)
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The energy use of the pump is not obvious from the literature. Brown & Root
(1997, p.58) give a figure of 100 kw for the ROV and 150 kw for pump, making 250
kw. The Cripps et al., report uses a rating of about 200 kw (given as 20 l/h fuel) for
the pump.

Therefore the upper bound for energy usage is 315 000 kwh = 1.13
Terajoules

(840 hours x 1.5 x 250 kw)

and the lower bound is 596 kwh = 0.21 Terajoules

(298 hours x 200 kw)

Common sense says that the power rating for higher lift capacities should be
higher. However, this information is not available. The energy figure calculated for
the lower lift capacity may therefore be more reliable, since it comes from two
sources.

Crawler
No data were available on the AEA crawler.

HAM quotes 220 hours contact time per 15 000 m3 pile. This translates as
367 hours for North West Hutton (implying a pump with a 68 m3/h dry pumping
rate). Energy usage for the crawler is therefore 367 x 100 kw = about 0.24
Terajoules. HAM’s figures equate to 4.3 Gigajoules per 12-hour day. The elapsed
time is 30 12-hour days.

Cripps et al.,’s figures are for both crawler and pump (as given in their Option
4A - ’Vessel-based tracked vehicle with pump’). This uses the ’Tramrod’ crawler,
which features in the Royal Boskalis proposal, as reviewed in (Brown & Root,
1997). The pro-rata time taken for North West Hutton is about 170 hours. Energy
usage is therefore about 0.45 Terajoules. Cripps et al.,’s figures equate to 32.4
Gigajoules per 12-hour day, with their larger capacity pump. The elapsed time is 14
12-hour days.

Boskalis themselves in their proposal, Brown & Root (1997) describe a
lightweight version of the ‘Tramrod’ crawler, called the ‘Namrod’. This is rated at
330kw, with a 50 m3/h solids production.  This translates as 0.59 Terajoules for
North West Hutton.

The lower estimate for crawler energy usage is therefore 0.24 Terajoules.

The upper estimate for crawler energy usage is therefore 0.59 Terajoules.

Support vessel
This is on duty 24 hours a day for the duration of operations. Energy usage is

determined by elapsed time.

HAM give an energy rating of 200 kw = 4800 kwh in a day, or 0.017
Terajoules. This is very low - 0.017 Terajoules per day, compared to 0.73 Terajoules
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per day, which is the average of the estimates given by the other sources. Therefore,
HAM’s estimates will not be included here, and the upper and lower bounds are
determined by time taken.

The lower time estimate, given above, is 14 days (Cripps et al.,/Tramrod).
The lower estimate of DSV energy usage is therefore 14 x 0.73 = 10.2 Terajoules.

The upper time estimate, given above, is 70 days (IME/Pneuma). The upper
estimate of DSV energy usage is therefore 70 x 0.73 = 51.1 Terajoules.

Combining the results

Table 10-1: Energy use of cuttings recovery equipment (in Terajoules)

Lower Upper

Pump 0.21 1.13

Crawler 0.24 0.59

Support vessel 10.20 51.10

Total 10.65 52.82
Note: the Crawler ‘Upper’ figure strictly includes pump energy usage, but the figure is still so low that
it is overlooked here. The major energy user in lifting cuttings to the surface therefore seems to be the
support vessel.  The major source of uncertainty is the amount of water drawn up by the pump, and
the effect this has on overall elapsed time. This again suggests a need for a realistic trial.

10.4 Health Impacts of Lifting Cuttings to Surface

As mentioned above, the main concern would be for divers if they were used.

Health
According to one of the three North West Hutton Offshore Installation

Managers32, there is a ‘preference’ not to send divers to work on the seabed at North
West Hutton. This ‘preference’ apparently follows advice from scientists, on
potential toxicological impacts from the cuttings pile. Some divers at North West
Hutton have apparently complained of skin irritations. Clearly these issues need
further investigation. This might have been the result of their dry suits rubbing
against their skin, but the explanation is not altogether clear.

In general it is difficult to estimate health risk in this situation. The risk is not
simply a matter of estimating the concentrations of substances of concern in the
water body, then consulting the appropriate HSE values in EH40. As mentioned
already these are inhalation values, and cannot be extrapolated to dermal contact.

10.5 Recommendations

The key recommendations for lifting cuttings to surface are:

                                                

32 Colin McIntosh, Amoco (pers. comm.)
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1. Realistic trials of the technology are needed, above all to give a better idea of
the water uptake of the pumps.

2. Success criteria for the pumping trials need to be specified.

3. Pending any trials, it would be worth continuing to monitor any trials of subsea
dredging / removal of hydrocarbon-contaminated sediment, but in conditions
closer to those at North West Hutton than the conditions which prevail in
Collingwood Harbour, Canada.

4. More work is needed to identify and quantify other potential substances of
health concern in cuttings piles.
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11. NORTH WEST HUTTON – REINJECTION

11.1 Description & Feasibility

There is now a general requirement for cuttings discharged to sea to have less
than a 1% oil content. Since this is unattainable with current offshore cleaning
techniques, alternatives to sea disposal have had to be considered. Reinjection is the
practice of injecting drilling wastes (fluids and cuttings), into sub-surface rock strata,
using the annuli of the well casings. The process exploits natural fractures in the rock
(shale) and induces new fractures.

Cuttings are mixed with seawater, milled and pumped down the well casing
annulus. There is a holding tank between the milling and pumping stages, to act as a
‘buffer’ and even out the pumping. Reinjection itself does not involve any extra
drilling or (substantial) installation work, beyond what has already been done during
exploration and production. There is a detailed description in Brown & Root (1997).

Prior to reinjection, modelling of the injection zone is needed, to minimise
the risk of breaking through to the surface or interfering with existing wells. The
E&P forum have produced injection guidelines and summary figures for a number of
sites (E&P Forum, 1993)

The risk of breakthrough to producing wells is a matter of legal liability,
rather than environmental impact. Residual liability of this kind has been identified
as a concern by SEBA (SEBA 98/16/1-E, 4.4 and 4.5).

Notwithstanding this legal issue, the literature reviewed tends to imply that
reinjection constitutes a ‘zero impact’ option. Against this, the stated position of
Greenpeace is that reinjection should be taken to constitute discharge to the
environment (Santillo, 1998; Greenpeace, 1995).

No detailed assessment was identified concerning the risk of breakthrough to
the seabed from reinjected cuttings. This has a bearing on the situation at the Hutton
sands, where two operators have chosen reinjection, yet at different depths (from
3 000’ to 6 000), although both cite the risk of breakthrough as a factor in their
decisions. Further study is, therefore, needed on the risks to the environment of
reinjection. Whatever conclusions are reached, there is the possibility that reinjection
may still be perceived by some parties as equivalent to ‘dumping’ in the sea.

Experiences with reinjection
This section of the report is based on a literature review of a number of

accounts of reinjection available from various Society of Petroleum Engineers (SPE)
conference proceedings (Malachosky, 1991; Böhm and Laan, 1994; Ferguson, G.C.
et al., 1993; Moschovidis et al., 1994; Reddoch, J. et al., 1996). The study identified
other sites known or thought to have carried out reinjection (such as BP-Amoco’s
Andrew, Bruce, Ula and Gyda, also sites in Alaska). However, it was beyond the
scope of the project to investigate these in detail.
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Some trials with reinjection have experienced minor engineering problems.
At Shell’s Brent Field, these include:

• Inability to fracture some rock

• Premature plugging of annulus due to solids settling out

• Difficulty grinding coarse reservoir sands

• Mechanical breakdowns

• Unspecified problems during transfer from the slurrification to the grinding unit

(van Gils et al., 1995; Brakel et al, 1997)

Shell have now established that the risk of breakthrough to the surface is
minimal, and so are injecting at lower pressures into the shallower (3 000 ft) Hutton
sands:

“Earlier concerns with regard to disposal into sand and possible extensive
fracture growth ... have now largely dissipated.”

 (Brakel, et al., 1997, p.225)

At BP Amoco Valhall, reinjection was the only option that did not get
screened out on qualitative grounds (Cline & Piper 1994). More details of the
screening process are held in Chapter 14. BP Amoco (Norway) have opted to
minimise risk of ‘breakthrough’ by injecting into a suitable formation, in this case a
6 500 ft deep stratum.

Schuh and Secoy (1993) refer to contingencies, classified into three
categories: rig, material, and operator. The contingencies are represented semi-
quantitatively through a general efficiency measure, the ratio of weight of cuttings
drilled to weight of cuttings reinjected. The figure peaks at 95% once experience has
been gained with the process. The fate of the remaining 5% of the cuttings is not
indicated, which raises the question as to whether 95% is clean enough. This is more
a political/managerial rather than a scientific question.

Reinjection parameters - general
Reinjection rates depend upon the injection pressure, slurry properties and

nature of the receiving stratum. The E&P guidelines suggest a solids content of 20-
40%, injection rate of 5-10 barrels per minute (BPM) (approx. 42- 95 m3/hour) and
injection depth 2 000ft – 5 000 ft.

For BP Amoco (Norway), the actual parameters were: a 22% solids content;
an oil content of 10-20% dry weight; and an injection rate of 10-16 tonnes/hour
(quoted in Cline & Piper, 1994), or 8 BBM or 76 m3/hour (quoted in E&P guidelines,
1993).
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Possible reinjection parameters at North West Hutton

The volume of pile is…. 25 225 m3

Plus a notional 10% for sediment removed with the
cuttings….

27 747 m3

Volume of pumped slurry at 70:30 water: solids
ratio….

92 490 m3

This ratio (found at Collingwood Harbour) is within
E&P Forum guidelines, so reinjection at 40 m3/hour and 60
m3/hour…. 2 312 - 1 541  hours

If operating is assumed to occur at 12 hours per day
this is equivalent to…

128 days

The reinjection time estimates are thus potentially many times longer than the
pumping estimates. The implication is that there is a need for short-term storage.

(Note: the fact that the additional 10% for sediment removal is ‘notional’
provides another illustration of the uncertainties involved in technology-dependent
estimation).

11.2 Ecological Impacts of Reinjection

Ecological impacts again depend on the amounts of contaminated sediment
resuspended during excavation of the pile. These questions are the same as for any
removal options. It terms of the reinjection process itself, provided there is no
breakthrough of reinjected material to the surface, this could have a minimal
ecological impact. No account has been found to date of any breakthrough to the
seabed. The risk of breakthrough is the second main question for predicting
ecological impacts of reinjection and would need to be included in any risk
assessment of this option. Parameters to be included in any risk assessment model
would be the type of injection zone, the depth of injection, the integrity and stability
of the injection zone and the injection pressure.

11.3 Energy Impacts of Reinjection

The literature is unclear about energy use of the slurrification and injection
pump, which depends on the injection pressure and quantity/composition of slurry.

For a 4 900m3 pile, Cripps et al. (1998, p91), estimate that 100 tonnes of fuel
(@ 45.4 GJ/t) will be needed. This seems to refer to Cripps et al.,'s estimated
66 000m3 of slurry to be injected. Thus each m3 requires 0.69 GJ (Cripps et al., 1998,
p58).

At North West Hutton, given about 92 500m3 slurry, then about 64
Terajoules will be used.
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It is not clear how valid this estimate is, given the lack on information as to
how Cripps et al.’s energy estimate was derived. Also, the Cripps et al.’s volume
estimate gives a solids content of only about 7%. This is below the E&P Forum
guidelines, which stipulates a solids content of 20% minimum.

The average 45% water content of the cuttings pile itself is ignored here,
since it is assumed that the correct solids/water ratio for reinjection will have been
obtained as a result of the various processes involved in pumping to the surface.

11.4 Health & Safety Impacts of Reinjection

There are possible health effects from skin contact with topsides operators.
Also, there may be large ‘buffer’ containers to smooth the coupling between cuttings
pumping and reinjection, which may carry with them the risk of inhalation of
hydrocarbon fumes.

Estimates vary of the extra personnel needed for reinjection. E&Ps’
guidelines recommend a team of about eleven people, but it is not clear if these are
full-time or part-time (E&P Forum, 1993). Conoco seem to have had at most four
operatives and two engineers though the documentation is not clear on this point.
Some of the pumping operations were taken over by a contractor and thus by
implication were included (Schuh and Secoy, 1993). Brakel, et.al. (1997) report that
in the Brent field Shell found the process automation to be inadequate, which
resulted in a very labour intensive process. However, no actual figures are reported.
Coflexip Stena Offshore (1995) refer to a workforce of 25, for a combined
pumping/injection operation. This consists of 2 teams of 11 onsite operators, in two-
week shifts, with three permanent admin/management people. They do not mention
divers, and it is not clear from the documentation whether divers were intended.

These widely varying numbers make it impossible to run a QRA based on
historical data (see earlier discussion on QRA). In any event, the operators' tasks and
locations would need to be detailed, as described earlier. Conoco detail various
injection design features that are intended to increase reliability, and thereby
presumably safety (Ferguson et al., 1993).

11.5 Recommendations

The key recommendations for reinjection of cuttings are:

1. More detail is needed on the activities that make up the various options.

2. The energy values for specific pumps etc. need to be obtained.

3. The range of energy consumption values for possible dewatering needs to be
narrowed

4. Existing case studies on reinjection need to be located, to see how reinjection is
carried out, and whether existing health & safety measures are adequate for
large volumes.
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5. The legal implications of reinjection (which of course includes the legal
implications of prior recovery) need to be examined. This subject has been
raised by SEBA (1998).
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12. NORTH WEST HUTTON - TRANSPORT TO LAND

12.1 Description

No studies are known which refer specifically to the transport ashore of the
North West Hutton drill cuttings pile. In fact, none of the studies reviewed explicitly
compare the alternative ways of transporting cuttings piles ashore. The Rogaland
Report assumes an 8 000 tonne bollard, pulled by tug (Cripps et al., 1998).
Elsewhere, the general assumption is that supply vessels with a dead-weight of
between 500 and 1 000 tonnes will be used. This may be because oil and dredging
companies have their own fleets of supply vessels and it would seem only logical to
utilise them on an otherwise empty return trip. Supply vessels are indeed used to
transport fresh drill cuttings, loaded into eight-tonne skips, to the Shell treatment
plant in Lowestoft.

In view of the volume of material coming from cuttings piles, however,
supply vessels may not be the best solution. There is also interest in bulk carriers,
either converted tankers or purpose built vessels. This raises the issue of logistics and
the optimisation of vessel use. For example, one bulk carrier could potentially
service many platforms33 (Mann, 1998).

Another factor is dewatering. It is probable that large quantities of water will
be brought up with the cuttings. The literature generally refers to this, if at all, in the
most general terms (see, for example, section 8.2 of Cripps et al., 1998), yet water
separation and treatment may well be a major contributory factor to environmental
and energy impacts. Even the location of dewatering facilities is not clear from the
literature, though common sense indicates that it would best be located on the
platform.

Shell found that they could not separate the oil/water emulsion in cuttings
slurrified with water, and are consequently considering slurrification with oil34. This
solution may be appropriate for fresh cuttings. Cuttings piles, however, will already
contain a sizeable proportion of water, once lifted up to the platform, so any
emulsification problem may not be so readily preventable.

If the cuttings slurry is pumped initially onto the platform, there may also be
a problem in adverse weather conditions with pumping the slurry from the platform
onto a vessel. The technical descriptions reviewed imply that recovery will be to the
platform, but this cannot be assumed.

Depending on the treatment process used onshore, another danger is cross-
contamination from diesel oils to synthetic oils. This may make recovered oils
unusable.35

                                                

33 Ian Barclay, Shell, Lowestoft and Hank van Genkel, HAM (pers comms).
34 Alan Greig, Waste Manager, Shell, Aberdeen (pers. comm.)
35 Ian Barclay, Shell, Lowestoft (pers. comm.)
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12.2 Ecological Impacts of Transport to Land

The water in the cuttings pile needs to be disposed of. Its oil content
represents a potential environmental impact, depending upon dewatering and
treatment process. Insufficient information is as yet available to assess and quantify
this impact.

12.3 Energy Impacts of Transport to Land

Dewaterer
The only source of information so far has been HAM, which indicates that

dewatering constitutes a major energy overhead36. However, this is subject to great
uncertainty as a very wide range, from 1-10 kWh/m3 for mechanical dewatering is
reported. Thermal dewatering is more energy-intensive still. Interestingly,
dewatering does not feature in the Cripps et al., (1998) energy calculations, though it
is mentioned elsewhere in their report.

For North West Hutton, HAM’s figures translate as a range from 25 000 kWh
to 250 000 kWh, or from 0.09 Terajoules to 0.9 Terajoules. However, if an extra
100% water uptake is taken into account, as mentioned previously in the context of
the Pneuma pump and also cited by HAM, then the upper figure becomes 1.8
Terajoules. It should be noted that unlike the pump calculations, this time only the
difference in water quantities is used, making the difference a factor of 2, not 1.5.

Without a trial it is very uncertain how much water will actually be taken up
with the cuttings. The upper bound could well be substantially more than 100%,
being dependent on technology, weather and operational details. The ‘Pneuma’ pump
managed 30% solids composition in shallow water (see above). The Royal Boskalis
‘Namrod’ Bulk Sampler breaks the throughput ratings down into: production mixture
at 400 m3/h, of which solid production is a maximum of 50 m3/h. This amounts to a
solids:water ratio of 1:7, compared to 3:7 for the Pneuma pump. This would take the
upper energy usage figure up to 5.4 Terajoules, though the extra-pessimistic water
uptake assumption was not used in the pump energy calculations.

Hopper
The HAM report assumes transport by hopper and is based on 18 round trips

per 15 000m3 pile which is equivalent to 833 m3 per trip assuming an 83% loading
on a 1 000m3 hopper. This translates as 30 trips for the North West Hutton cuttings
pile. The HAM report assumes 18 hours per trip, but this seems rather quick. Given
the 270 nautical miles from North West Hutton to Aberdeen and a nominal speed of
12 knots, then a round trip would take about two days (with a few hours in port).

Energy figures are much lower than those given in the other sources
consulted. A hopper rated by HAM at 1 500 kW will use about 0.13 Terajoules per
day, but Cripps et al., (1998) rates supply vessels at 0.9 Terajoules per day and small
capacity (1 000 tonne) gravel dump vessels at 0.3 Terajoules per day. The ‘best-
guess’ figure for Diving Support Vessels (DSVs) has already been given as 0.73
                                                

36 Nick van Ginkel, Ham Dredging (pers. comm.)
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Terajoules per day. However, this conflates movement and stationary. These three
figures, 0.3, 0.73 and 0.9, will therefore be used for ‘lowest’, ‘best-guess’ and
‘highest’ estimates.

The HAM report also suggests that the number of trips could be doubled to
allow for extra water dilution, in cases where on-platform dewatering is not carried
out or is only partly effective. The doubling is here applied to the highest estimate,
giving a worst-case figure.

The three sets of estimates thus are:

30 trips x 2 days x 0.3 Terajoules = 18 Terajoules.

30 trips x 2 days x 0.73 Terajoules = 43.8 Terajoules.

60 trips x 2 days x 0.9 Terajoules = 108 Terajoules.

Table 12-1: Energy usage estimates for dewatering and transporting North
West Hutton cuttings

(in Terajoules) Low Best-guess High

Dewaterer 0.09 2.75

(average)

5.40

Hopper 18 43.8 108.00

Total 18.09 46.5 113.40

These calculations show very great differences between the high and low
estimations, confirming the uncertainties involved.

The ‘bulk carrier’ option has been neglected and needs clarification. The
Institute of Petroleum draft energy study (IP, 1999) contains some information on the
energy use of specific SSCVs (as supplied by Heerema), which indicate a range from
25-30 tonnes of marine diesel per working day.

12.4 Health & Safety Impacts of Transport to Land

There is insufficient information currently to assess and quantify the health
impact. Historical QRA can be applied to the safety assessment, using accident data
on marine and port operations. Details on the usage of cranes and bulk handling
facilities would need to be specified first. There may also be suitable company
records.

12.5 Recommendations

The following areas need further investigation:

• Dewatering, in order to quantify energy usage and environmental impacts of
produced water.
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• The use of bulk carriers.

• The potential problems in handling slurry.

• Logistics, multi-site and one-ship scenarios.
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13. NORTH WEST HUTTON - ONSHORE TREATMENT

If cuttings were removed completely and brought ashore, there would still be
many options for dealing with them. A short outline of each option is given below.
Subsequent sections assess, in turn, emissions, energy impacts and, to a lesser extent,
health matters.

In theory, the emissions data from onshore treatment technologies could be
used in quantitative environmental risk assessment. However, such assessment
requires the entire ecological pathway to be mapped out. This is beyond the scope of
this report, which restricts its focus to the ecological impacts in the marine
environment.

In this section, the onshore treatment options are considered together, under
the following headings: Description and Feasibility; Emissions; Energy; Health &
Safety. It should be noted that all these processes have been designed for fresh drill
cuttings, not cuttings piles. Their suitability for cuttings piles remains to be
determined.

13.1 Description, Examples and Feasibility

The following survey of technologies is only indicative of the range that may
be available. A more comprehensive study is needed before any preference can be
stated for one technology or the other.

Thermal Distillation - Recovery Systems Ltd
Recovery Systems Ltd (previously known as Enaco) has been running a

thermal distillation plant in Lowestoft since August 1996. It was built especially to
service Shell’s commitment to ‘closed loop’ waste control. With onshore treatment
of this nature Shell intends to minimise any liability under 'duty of care.'37 The site
also serves other companies, such as Conoco. There are 21 employees, three being
administrative.

Fresh cuttings are brought to the site in skips, with 60 fitting on a supply
boat. The latest (Mk 3) skip weighs 2 tonnes and holds up to 6 tonnes of cuttings,
making 8 tonnes maximum weight. The site has 266 skips. Hardware consists of
half a dozen holding tanks feeding into an evaporation unit, heated by a gas-
powered 200 kW boiler powering a heat-exchanger. Energy consumption averages
350 kwh per tonne of raw cuttings (of which 50-60% is electricity, the rest gas).

The cuttings are passed over a heat-exchanger at 350°C. Oil and water are
evaporated off the cuttings, then distilled and separated out. The oil is skimmed off
for re-use in drilling muds. The water is added back to cuttings, to improve their
consistency. The processed cuttings themselves contain 0.1% to 0.5% residual oil
(‘base oil’), sulphur (expressed as sulphate), chlorides and a range of metals already

                                                

37 Information in this section comes from Ian Barclay (Shell) and Don Guthrie (MD, Recovery
Systems Ltd). The Lowestoft site was visited in May 1998.
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present in the raw cuttings. According to the managing director of Recovery
Systems Ltd, 80% of the processed cuttings have an oil concentration of less than or
equal to 0.1%. Some of the raw cuttings are very salty (30% salt). These are
segregated prior to treatment, treated separately, and used to make up salt-saturated
water-based muds. A separate plant is used for this.

Uses for the processed cuttings
The processed cuttings are too low-grade and variable for re-use building purposes
such as bricks. Disposal in landfill sites is also problematic, owing to their high clay
content. This might stop leachate recirculation. In the event, the processed cuttings
are being used as noise-dampening embankments for a clay-pigeon shoot, also as a
cycle track. The strength of demand for such products is not known. A small quantity
of cuttings has also been used to make up a flowerbed in the plant yard, in a mix
comprising 60% cuttings, 40% soil & peat.

Operational parameters
Half the cuttings come from the southern North Sea, and half from the

McCulloch field. The raw cuttings are not analysed at all. In fact, their composition
cannot apparently even be inferred from records, since there are too many variables;
the type of rock being drilled, the nature of the mud and the efficiency of the on-
platform solids shaker.

The plant is at the moment working at 1/3 capacity, apparently due to
insufficient demand. The 1997 throughput was 4 000 tonnes, the same as 1996. The
plant has now started processing drilling mud, as well as cuttings.

The plant is Danish and said to be ‘proven’ technology. Capacity is a
nominal 35 tonnes/day, 2.5 tonnes/hour. However, there have been start-up troubles
with the equipment, so actual throughput has been 1-1.5 tonnes/hour. Problems are
to some extent caused by the variable nature of the raw cuttings. A high liquid
content prevents proper phase separation. The resulting ‘soup’ then tends to stick on
the heat exchanger and bake, having to be chiselled off later.

Some sources (Cripps et al., 1998) have questioned whether the plant could
cope with the older diesel-type oils, which have a higher boiling point. Whether this
would be a problem in practice depends on the percentage of such oils in the
cuttings, and the fate of the residual solids.

Given a cuttings pile of about 42 000 tonnes mass, at 12 hours per day
operation the plant would nominally take 42 000/2.5 = 16 800 hours = 1 400 days
which is equivalent to several years’ operation. It is therefore clear that the plant
would not be large enough to deal with the cuttings pile from North West Hutton. In
all likelihood new plant would have to be built for North West Hutton and other
platforms in that area. The logical site would presumably be on the Eastern Scottish
coast. The new plant would have to have several heat exchangers running in
parallel, since the existing machine is the maximum viable size for the technology.
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Infra-red Desorption38 - Enviroco
Enviroco is a joint venture between ASCO and Stoneyhill Waste

Management Co39. They are currently applying to SEPA for a licence for two infra-
red desorption plants, one in Aberdeen and a slightly larger one in Peterhead.
Combined capacity will be 36 000 tonnes/year. The equipment is supplied by
SWACO, a U.S. company involved in drilling mud management systems.

Oil-contaminated material is heated by infra-red radiation and the vapours
drawn by vacuum through the bottom of the pile. The feasibility of this process for
drill cuttings is being investigated. The residue is intended for use in new landfill
developments. It has been suggested that the process would have difficulty with
very fine material, or material with a high water content. More details should be
obtainable from SEPA once the process has been approved and is on the public
register. Registration was imminent at the time of writing.

Incineration - ITS Drilling Services
Background to incineration in the UK
There are many different incineration technologies - the Environment Agency

list 12 in their IPC Guidance Note (IPC S2/5.01). Incinerators serve different
markets, and so have widely varying waste streams. Of most relevance to drill
cuttings is Municipal Waste Incineration (MWI) and Chemical Waste Incineration
(ChWI). Liquid fuel derived from waste (Secondary Liquid Fuel - SLF) is also used
by cement works.

In the 1950s and 60s there were dozens of municipal waste incinerators
(MWI) in the UK. However, incineration has been greatly affected by recent
European legislation - Directives 91/689/EEC and 94/67/EEC on Hazardous Waste
Incineration (HWI). The levels of emissions permitted for incinerators have been
lowered to the extent that many of the MWI plant in the UK closed before the due
date of 31/12/1996, rather than install expensive flue gas treatment systems.

It should be acknowledged that incineration of any kind has been the subject
of intense public disquiet. If incineration of North West Hutton drill cuttings is
perceived as setting a precedent for the rest of the drill cuttings in the North Sea, then
a negative response can be anticipated.

Despite this, half a dozen large modern MWI incinerators have been built or
are planned, with others in the pipeline. The key issue here is co-incineration
(mixing waste streams), which is relatively new in the UK.

There is a new (mid-1997) MWI plant at Billingham, Cleveland, operated by
Cleveland Waste Management, a subsidiary of Northumberland Water. It has a
capacity of 220 000 tonnes/year, and has been operating under capacity. The
feasibility of this incinerator for drill cuttings could be investigated.

                                                

38 The information for the remaining technologies originates with Alan Greig, Waste Mgt, Shell,
Aberdeen (pers. comm.), and has been followed up, subject to constraints of time and availability.
39 Information from Walter Robertson, Enviroco (pers. comm.)
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Interestingly, drill cuttings would not be considered as hazardous waste for
the purposes of incineration, provided they were incinerated on board the platform,
though this is unlikely to be feasible. This is clear from the Environmental Protection
(Prescribed Processes and Substances) (Amendment) (Hazardous Waste
Incineration) Regulations 1998, implemented as S.I. 1998 No. 767, section 2, par.
(2)(d)(iii)).

ITS Drilling Services
An off-the-shelf incineration solution for drill cuttings is offered by ITS

Drilling Services (part owned by International Tool & Supply and by British China
Clay). They operate a portable incinerator with a claimed capacity of 3 tonnes/hour
cuttings40. The incinerator can be transported by trailer, and operated on or off
trailer, with three hours set-up time. It is already in operation in Venezuela and
Nigeria (for Mobil). The attraction of this solution is its availability.

In the example given in ITS’s literature, the process input is OBM cuttings
with 10% oil, 20% water and 70% solids. Cuttings from the North West Hutton pile
would therefore require dewatering to less than half of the existing water content.
This entails a weight reduction to about 32 000 tonnes. This would therefore take
about 10 666 hours to process, that is 889 days at 12 hours per day, or two and a
half years. It would seem that the plant would not be large enough to deal with the
cuttings pile from North West Hutton. There would have to be several incinerators
running in parallel. Costs and availability are not known.

Other treatment operations
Several other treatment operations need to be mentioned. Their lack of

prominence in this report reflects time constraints, and should not be taken to imply
any judgement on their respective merits.

Gasification - Northumbrian Water
Gasification is a different process from incineration, operating at much higher

temperatures (2 000-3 000 °C, rather than 900-1 200 °C). The process is inherently
cleaner, although up to ten times more expensive.41 Northumbrian Water is setting up
a £11m gasification plant next to its sewage sludge and chemical waste treatment
centre at Bran Sands, Teesside. The project is supported by a £1.2M grant under the
EC’s THERMIE programme. The plant will generate about 5MW of electricity,
which will either be sold to the National Grid or used to power the sewage works.
Detailed design work is due for completion in March 1999, the gasification unit is
expected to come into operation in the year 2000, and the sewage works in phases
between 2000 and 2005.

There are parallels between Bran Sands and the North West Hutton drill
cuttings scenario. For example, the sludge for Bran Sands will arrive by sea in a
special vessel, which so far has been used for sea dumping of sewage. The sludge
will be 95% water and this will be reduced to 5%-7% water, via two stages of

                                                

40 Information from Pat O’Neill, Manager of Incineration Systems, ITS, (pers. comm. and company
literature)
41 Sources: Web news service ’UK Business Park’ on http://www.ukbusinesspark.co.uk/news.htm,
10/10/97, and ENDS, 273, October 1997, p. 14.
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dewatering (first mechanical, then thermal). The major difference between cuttings
and sewage sludge is the greater carbon content of sludge, such that the energy
balance of gasification for cuttings is hard to predict. Dewatered sludge has a
calorific value of about 17 MJ/kilo42, or GJ/tonne.

Northumbrian Water indicated that dewatering of cuttings might pose a
technical problem. The matter could be taken further with Allied Colloids, another
contractor in the project.

Rotary kiln distillation - Brandt
Brandt operate a rotary kiln in Colombia for BP Amoco. Capacity is

reported to be 30 tonnes/hour, which is high. Hydrocarbon recovery is claimed to be
high. Onsite Technology offers the same system.

‘Porcupine’ - Shetland Offshore Environmental Services
Shetland Offshore Environmental Services (SOES) offer a heated rotor

system called a ’porcupine’, built by the U.S. Bethlehem Corporation. The
processing technique is similar to that found in Recovery Systems’ plant at
Lowestoft. Throughput is said to be high, at 100 000 tonnes per year. This plant has
actually been authorised by SEPA, under Part 1 of the EPA (1990) in the 5 - 50 000
tonnes per annum capacity band. 50 000 tonnes of residue is intended to be used as
bedding for a new landfill site on the Shetland Isles.

Solvent recovery – Scotoil Services
Scotoil Services are trialling a system in which hydrocarbons are recovered

by dissolving in hexane. There is said to be a 1 tonne/hour throughput. The system
is aimed at fresh drill cuttings, and there is uncertainty over the handling of complex
mixtures of hydrocarbons, and of cuttings with a high water content. This operation
has been authorised by SEPA. Cripps et al. (1998), refer in general terms to a
‘supercritical extraction’ system using solvent, run by CF Systems however no
further references are provided.

Rotary attrition – Burgess and Garrick
The Burgess and Garrick waste management company have made an IPC

application for an attrition process. The device uses rotary hammers, with friction
heating up the drill cuttings. Capacity is thought to be less than 50 000 tonnes/year.

Distillation – Maersk
Maersk have applied for IPC authorisation for a treatment plant at Aberdeen,

using the same distillation technology as used by Recovery Systems at Lowestoft.

13.2 Emissions from Onshore Treatment

Distillation - Recovery Systems Ltd
Releases to air
The site at Lowestoft is IPC registered, since it is a Schedule A process

under EPA 1990. There is an ex-HMIP Process Guidance Note for oil recovery by
distillation (EA S2/5.04), but this Note seems to be aimed at re-use of dirty liquid

                                                

42 Tony Gilks, former Project Manager, Bran Sands, Northumbrian Water (pers. comm.)



Centre for Environmental Risk

145

oil, rather than recovery of oil from a solids mixture. Emission levels meet
regulatory limits, expressed as concentrations. Expressed as total quantities,
emissions for 1996 and 1997 are shown (in Table 13-1):

Table 13-1 - Emissions from the Recovery Systems distillation plant:

Substance 1996 (in kg) 1997 (in kg)

SO2 0.71 1.53

Oxides of N expressed as NO2 117.44 172.63

CO 32.03 34.48

VOCs <30.29 <32.83

(Source: © The Environment Agency43)

To put these figures subjectively in perspective, the IPC register for a well-
known chemicals manufacturer based in Norfolk reveals a 1996 release of about 100
tonnes of VOCs of various sorts for a site workforce of 150. This is over 400 times
as much per employee as the Lowestoft distillation plant. As mentioned earlier with
respect to energy usage, such comparisons fall strictly outside the scope of
assessment, and belong instead to the evaluation process.

Releases to water
There is no discharge to sewer.

There is no effluent treatment.

There is no discharge to controlled waters.

Releases to land (waste)
The regulations governing landfill are described in Section 13.5.

There is currently a 0.1% threshold for waste hydrocarbon content, above
which waste is classified as ‘Special.’ However, this only applies to carcinogenic
substances, which are not left in the waste after fractionation. Therefore, the
classificatory limit may not be applicable to the waste from the distillation
process44.

Incineration - ITS Drilling Services
In Scotland, discussions with SEPA have led to the creation of a Guidance

Note specifically for the ITS incineration process. SEPA will have details of this, as
well as the current licensing status of the incinerator. Actual emissions to air are
given in Table 13-2.45 The table also shows the regulatory standards which must be

                                                

43 Permission to publish from Colin Trendall, IPC, Envt Agency, Peterborough (pers. comm.)
44 Steve Thompson (SEPA) (pers. comm.).
45 This information was taken from OHP slides, and would need to be cross-checked with the
independent analyses.
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met, along with Environment Agency suggested benchmark levels, based on
‘releases currently being achieved’ by modern incinerators46:

The oil content of output cuttings is said to be 0.09%, below the hazardous
waste threshold.

Table 13-2: Emissions from ITS Drilling Services Mobile Incinerator

Substance ITS claimed emission
levels

Hazardous Waste
Incineration
Regulatory standard
(daily average, new
plant)

Benchmark levels
(95% of hourly
averages), with type
of waste incinerator

Particulates 88 < 10 25  (Chemical WI)

VOCs 1 < 10 < 3 (Chemical WI)

Cadmium 0.0004 0.05 0.1

Lead 0.2 0.5 1   (all WI)

Hydrocarbons 0.7 2 30  (any WI)

CO 17.7 < 50 5 - 15 (Clinical
WI)

NOx's 26.6 No requirements 350

SO2 5.4 50 < 10 (Chemical
WI)

Note: All units in mg/m3.

According to this table, emissions are well within regulatory and benchmark limits,
apart from particulates, since the plant was ‘designed for the third world’. ITS admit
that an ‘extra filter’ would be needed to reduce particulates down to European
regulatory levels.

There are many ways of measuring concentrations, and it is not immediately
obvious how the ITS figures have been derived. The ITS literature compares its
incinerator favourably with diesel trucks, stating that the incinerator is a less
significant point source of VOCs and CO than a heavily trafficked urban roadside.
However, their traffic calculations are based upon a truck flow rate of 935 vehicles
per hour, with three times this level in summer holiday periods. This amounts to
about one lorry every four seconds, or about one every second in summer. This
seems rather high.

Whatever the validity of the traffic comparisons, the major uncertainty about
this incinerator (and, indeed, any other) is the relationship between variations in
inputs and variations in emissions. ITS are currently running trials in Nigeria using
different compositions of cuttings. The results are not yet available.

                                                

46 IP Guidance Note S2-5.01 ’Waste Incineration’, Environment Agency
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Other treatment operations
Enviroco’s Infra-red Desorption claims residual hydrocarbon content of less

than 0.1%, at 'low temperatures.' Northumbrian Water’s gasification plant is not
intended for hydrocarbons. No details are available yet on the other operations
described briefly above.

13.3 Energy Impacts from Onshore Treatment

Distillation - Recovery Systems Ltd, Lowestoft
Energy calculations have been made on the following basis:

Assume no transport, because treatment plant is on the edge of a suitably
located harbour.

Direct energy use - 350 – 500kWh per tonne

Assume pile is dewatered at the surface down to 'as was' state

Mass of pile - 42 126 tonnes (25 225 m3 x 1.67)

Remove water already in pile, to obtain slurry that contains the
required 25% water

So, slurry mass - 55/75 x 42 126 - about 31,000 tonnes
(cuttings were 45% water by wt.)

So, energy used - about 10 800 000 kwh = 38.9 Terajoules

For comparison, the normalised Cripps et al., figure is about 30.78
Terajoules.

Transport residue to landfill
Lorry tonnage - 25 tonne (Cripps et al.,)

- 38 tonne (Brindley & Corcoran, 1995)

Energy use- 2.46 km/ltr = 55.5 km/GJ (Cripps et al.,)

Assume landfill is 32km round trip

Energy use - 31 000 tonnes / 25 x 32 / 2.46 x 0.0375 GJ = 604 GJ = about
0.6 TJ

The total energy use is therefore either 39.5 or 31.47 Terajoules.

Incineration - ITS Drilling Services
The process is claimed to be exothermic, producing 70 kWh of recovered

energy for every three tonnes of cuttings. The ITS example assumes a 20% water
content. Assuming these values hold true for North West Hutton cuttings then the
energy output would be:
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70 x 55/80 x 42 126/3 x 3.6 M = about 2.43 Terajoules output.

The ITS example also assumes a 10% oil content. North West Hutton
samples, however, indicate a lower actual oil content, averaging 3.49%. Energy
output for North West Hutton can therefore be expected to be lower, and also
variable, given the stratification within the pile. However, there is as yet no
information relating energy output to cuttings oil content.

Cripps et al., (1998) calculate energy output on the basis of 545 kWh per 4
tonnes (the hourly throughput), for 5-7% oil content. This value is extrapolated from
industry-supplied figures of 6 000 kWh per tonne for 22% oil content (and per hour,
implicitly) (Cripps et al., 1998). The basis for the extrapolation is not given. Nor is
it clear what water content is assumed in the cuttings. The example pile was 40%
water, presumably too high for incineration. If it is assumed that the Cripps et al.,
cuttings have been dewatered to an equivalent level to that given above, then the
extrapolation from Cripps et al.,’s figures would run:

545 x 55/80 x 42 126/4 x 3.6M = 14.2 Terajoules (output)

This figure is several times higher than ITS’s, despite being based on a lower
oil content.

Other treatment operations
No details are available yet on the other operations described briefly above.

13.4 Health & Safety Impacts from Onshore Treatment

Distillation - Recovery Systems Ltd, Lowestoft
The releases to atmosphere from the Lowestoft distillation plant are within

prescribed limits, and actually low, compared to industrial chemical processes (see
preceding section on emissions).

Other technologies
No details are available yet on the other operations described briefly above.

There is continuing controversy in the public arena over the health effects of
incineration. Much of the debate has focused on the emission of dioxins, which can
be created under certain low-temperature conditions within incinerators. On the
opposing side, at least one study has concluded that incineration poses less threat to
health than landfill (Bridges & Bridges, 1998). Five health studies relating to
hazardous waste incineration are summarised by Pleus & Kelly (1993). These
include the well-known case (from the late 1980s) of the Rechem Chemical Waste
Incinerator, at Bonnybridge, Scotland, at which the release of polychlorinated
hydrocarbons, with allegedly oestrogenic properties, was claimed to have caused an
increase in twin births among cattle and people in the vicinity. Pleus & Kelley
(1993) are sceptical about these claims.
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13.5 Final Disposal on Land

Whatever process the drill cuttings go through, the chances are that a part of
them will be disposed of in or on the land. This section discusses related issues that
have not already been dealt with in the previous sections.

Landfill
Regulatory situation
Landfill is subject to the Waste Management Licensing Regulations 1994

(S.I. 1994 / 1056) which interpret Part II of the Environmental Act 1990, and ‘certain
[European] Council Directives’. The main European Directive of relevance is the
proposed Landfill Directive47, adopted on 5 March 1997 by the European
Commission. The proposed Directive would introduce a series of controls intended
to regulate waste. This would include a ban on the co-disposal of hazardous and non-
hazardous waste in the same landfill, until now an accepted practice in the U.K.

European legislation uses the term 'Hazardous Waste', which is interpreted in
UK as 'Special Waste' (Special Waste Regulations 1996). Guidance on classifying
waste is given in the May 1998 Draft Technical Guidance Note on the Definition and
Classification of Waste. This refers further to SI 1996/972, as amended by SI
1996/2019 and SI 1997/251, for England & Wales, and to SI 1997/257 (S.18), for
Scotland.

The Special Waste Regulations assess whether a waste is hazardous or not by
characterising its various properties such as explosive potential, flammability,
irritation, corrosivity and so on. They are primarily aimed at the transport of waste.
However, the degree of hazard can also be used to set constraints on disposal
operations, in the waste management licence of new landfill sites. For example, the
greater the hydrocarbon content of waste, the more stringent landfill design
requirements have to be. It is known that SEPA are now specifying site design
requirements by using a computer program called Land-Sim48.

Before the Special Waste Regulations, UK waste had been classified into
various categories, including: Inert; Non-Hazardous; Putrescible; Difficult (see, for
example, AURIS 1995b). These terms have no statutory meaning, and are somewhat
confusing. However, they occur in licences, and so have a bearing upon the
acceptability of a site for drill cuttings, particularly concerning the hydrocarbon
content. As well as specific licence conditions, some general principles are used by
agencies in their consideration of site suitability. In Scotland, the SEPA has adopted
the well-known  waste hierarchy, together with general principles, such as  ‘polluter
pays’, the ‘proximity principle’ and the ‘precautionary principle’. Also relevant is the
combined DETR and Environment Agency research programme which involves
using Life Cycle Assessment to assess the BPEO.

Feasibility of landfill for North West Hutton drill cuttings
There is no central register of the number of landfill sites in Scotland, giving

their capacities and accepted waste streams. Each region of the SEPA nevertheless
                                                

47 In COM 97/105
48 Produced by Golder Associates.
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has a computer database of landfill sites, information that is publicly available.
Waste transfer operators have more detailed local knowledge. SEPA and Shanks &
McEwan were approached for information about the landfill situation in the
Aberdeen area.

It seems there is currently only one site in the Aberdeen area that is nominally
suitable for oily waste (though still with a hydrocarbon content not exceeding 10%).
However, there are three landfill licensing applications currently being processed by
SEPA. At the existing landfill site at Tarbot Hill (16km from Aberdeen), a lined
extension is planned. The planning inquiry was due to start on 3rd February, though
no waste management licence had been applied for at the time of writing. At Wester
Hatton (16km from Aberdeen), a large new landfill site is at the planning stage.
Finally, at Stoneyhill (Peterhead), a medium-sized new landfill site has been granted
planning permission.

The nearest other suitable sites are in the central belt of Scotland, about 200 -
350 km from Aberdeen. However, transporting raw drill cuttings to these sites will
run counter to the ‘proximity principle’, though it is not known what powers SEPA
or other local authorities have to prevent it. The proximity principle would best be
met by delivering the cuttings initially to a central Scottish port. For example,
Grangemouth (near Edinburgh) has facilities for bulk cargo handling; its seven
tanker terminals which can deal with vessels of up to 32 000 tonnes deadweight.
Overall, the reality of disposing of drill cuttings to landfill may well be that the
various waste operators need to be approached individually. The situation with
regard to existing landfill sites is much less clear than for new sites, in the sense that
existing licence conditions may need to be interpreted on a site-by-site basis.

Energy impacts from disposal to landfill
The energy used in transporting residual cuttings to landfill has been

calculated for distillation (section 13.3). The other options are, as yet, not well
enough specified to allow any reliable energy calculations.

Emissions from disposal to landfill
There are emissions of methane and a range of other trace gases from landfill

gas. However, it is not possible to relate these specifically to drill cuttings
degradation. The impact of methane can be either broadly positive (if the methane is
used to generate electricity) or more negative (if the gas is left to leak out, and so
contribute to global warming).

Health and safety impacts from disposal to landfill
The risk assessment of landfill sites is a specialised branch of engineering and

was not undertaken for this report. Nevertheless, concern about any heavy metals
present in the cuttings and their occurrence in landfill leachate is likely to be an
issue. Landfill sites have been covered in press recently, following an
epidemiological study showing health effects on nearby residents (ENDS, August
1998).
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Landspreading
There is a good deal of expertise available concerning the aerobic, ex situ bio-

remediation of hydrocarbon-contaminated landsites.

Feasibility and Regulations
In the present context, this would involve transporting drill cuttings to some

convenient location and treating them. An alternative is ex situ landspreading. Drill
cuttings are simply spread on the surface of land and allowed to degrade naturally.
Some experience of this approach exists in the US and Europe. Specific studies
could be investigated though it is not clear how acceptable this would be in the UK.
In an experiment in France, Chaineau et al., (1996) spread drill cuttings with a 10%
oil concentration over land, at loads from 15 to 60 tonnes/hectare. The water content
of the cuttings is not given though the drilling fluid used is reported as comprising
66% fuel oil, 22% water and various other agents.

Regulatory situation
Landspreading is a method of waste disposal and therefore requires

licensing, as stipulated in the Waste Management Regulations 1994.
Cuttings/hydrocarbons are not on the list of substances specifically exempted from
licensing (Schedule 3, Par. 7). Since landspreading does not bring obvious
agricultural benefits to the land, it would have to be demonstrated to be the Best
Practicable Environmental Option (BPEO).

In Scotland, no landspreading of drill cuttings has yet been carried out. If
landspreading were proposed, SEPA would require a full hydrogeological survey,
and the site would have to be ‘remote’, with minimal risk of harm to the
environment.

It is not known whether there are any sites in England and Wales suitable for
the landspreading of oily waste.

If the drill cuttings pile weighs between 40 000 - 50 000 tonnes, then an area
of around 3 000 hectares would be needed to accommodate the North West Hutton
drill cuttings, assuming that the same density of coverage were used as in the trial
by Chaineau et al. (1996). The actual ratio of oil, water and solids is likely to be
very different from the ratio found in that trial (for details, see sections describing
North West Hutton pile and the lifting option). These differences, and the effect of
dewatering, have not been taken into account.

Ecological Impacts of Landspreading
Chaineau et al. (1996) found that over 90% of hydrocarbons degraded over a

period of two years. The lowest doses did not impede normal land cultivation, though
there was some reduction in fertility. Hydrocarbons were not taken up in plant seeds.
There was some migration downwards. It was also found that some Unresolved
Complex Mixtures (UCMs) and Polycyclic Aromatic Hydrocarbons (PAHs), making
up 10% of the original hydrocarbon load, were not readily biodegraded though no
reason for this is offered. The mean temperature in the trial was 11°C. This was
considered to be a major factor in the much slower degradation of hydrocarbons,
compared to 24°C mean temperature in laboratory conditions. The mean temperature
at Aberdeen is about 7.8°C, calculated as 1961-90 average annual temperature,
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plus/minus 0.3°C depending on the exact location in Aberdeen which means that the
rate of degradation can be expected to be lower still.49

Energy impacts of landspreading
Cripps et al. (1998) calculate the energy costs of landspreading. However, the

assumptions that need to be made concerning distance to the landspreading site and
method of spreading, are so case specific that it is sensible to wait until a specific site
has been identified.

Health and safety impacts of landspreading
There has been some adverse coverage in the trade press of the

landspreading of industrial wastes, referring specifically to the odour (ENDS, May
1998).

Summary - Landspreading
Landspreading has clear drawbacks: the unpleasant nature of drill cuttings;

the area of land that would be needed; the known seepage of hydrocarbons (with the
consequent requirement for a full hydrogeological study). Landspreading is not likely
to be a viable option for dealing with drill cuttings.

13.6 Summary table

Table 13-3: Impacts of onshore disposal options for North West Hutton

Process Feasibility Emissions /
Discharges

Energy
(Terajoules)

Health &
Safety

Thermal Distillation Doubts; Low
capacity

Low 39.5 No Info

Infra-red Desorption Doubts No Info No Info No Info

Incineration Doubts; Low
capacity

High 2.43 output

(14.2 – Cripps
et al.)

No Info

Gasification, Rotary
Distillation,
'Porcupine', Solvent

Doubts on all; Low
capacity (solvent);

NI (others)

No Info No Info No Info

Landspreading Infeasible Probably No Info Unpleasant
odour

Landfill Distance

 Capacity

No Info No Info No Info

                                                

49 Information from the Climatic Research Unit, University of East Anglia (pers. comm.);
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14. THE NATURE OF COMPARATIVE ASSESSMENT

14.1 Overview

Part of the role of CER in the original Amoco North West Hutton
decommissioning project team was to contribute towards a consultation exercise
based on plans for decommissioning the platform. Since the merger between BP and
Amoco things have moved onwards. A new consultation exercise is now underway,
industry-wide and co-ordinated through UKOOA. Nevertheless, the time will arrive
when decisions on the best way forward must be taken. This will inevitably involve
some form of comparative assessment combining a wide variety of information about
scientific, technical, economic, and socio-political issues.

The aim of this section is to critically review techniques for the comparative
assessment of the various drill cuttings handling options. Since this is one aspect of
platform decommissioning, any corporate proposals will be subject both to licensing
by the government and to scrutiny by stakeholders and the public.

Since the various stakeholders are likely to have different agendas, with
correspondingly variable evaluation criteria, successful comparative assessment
depends on striking a balance between possibly conflicting interests. Such a balance
is not simply a matter of scientific determination, but relates to such ill-defined
notions as ‘public opinion’ and ‘significance’ (or ‘importance’).

In the UK, a long-standing framework for comparative assessment in the
domain of environmental decision-making is termed the ‘Best Practicable
Environmental Option’ (BPEO). BPEO has attracted some criticism in some
quarters, but, as a set of principles, it nevertheless has a certain pedigree (Rose,
1998), albeit within the context of onshore IPC/IPCC proposals. Many of these
principles are applicable to the more modern approaches that have replaced BPEO.

The applicability of BPEO assessment to the offshore oil industry is
discussed here, with respect to drill cuttings piles. It is suggested that the Royal
Commission on Environmental Pollution’s (RCEP) 1988 report could form the basis
of a 'checklist', used both to guide the assessment process and evaluate assessment
quality. To this end, several oil industry BPEO assessments on decommissioning are
informally reviewed here and considered to lack full auditability. It is acknowledged
that these assessments deal only with platform decommissioning, but the issues
raised in the review are expected to maintain their general relevance to drill cuttings
piles

The relationship between BPEO (a UK concept) and the OSPAR concepts of
'Best Available Technology' (BAT) and 'Best Environmental Practice' (BEP) is also
considered, as is the relationship of BPEO to Environmental Impact Assessment
(EIA). This is particularly relevant as BAT and BEP underpin the UKOOA Drill
Cuttings Initiative.

Based on comments made in the recent NERC (1998) report on
decommissioning, it is suggested that consideration be given to adopting a process
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should of ‘iterative refinement’ for comparative assessment. This would also take
uncertainty and consensus-building into account. The new approach could be called
'Iterative Comparative Assessment' (ICA), avoiding any stigma that might attach to
the term ‘BPEO.’

14.2 The Royal Commission’s 12th Report on BPEO

The most detailed exposition of comparative assessment is in the Royal
Commission on Environmental Pollution Twelfth report, from 1988 (‘RCEP'), which
updates a report from 1976. Any discussion of BPEO needs to acknowledge the
authoritative nature of RCEP as a general statement of principles and procedures.
BPEO is also mentioned briefly in EPA 1990.

According to RCEP:

 ‘The concept of BPEO evolved from recognition of the need for co-ordinated
pollution control ...’

(RCEP, section 1.11)

This control would specifically be able to cope with so-called ‘cross-media
transfers’, whereby reduction in pollution in one medium (say, emissions to air)
might be 'outweighed' by an increase in another (say, discharges to water).

The same section of the report continues:

 ‘... but [BPEO] has wider implications. The selection of a BPEO requires a
systematic approach to decision taking in which the practicability of all
reasonable options is examined, and in which environmental impact is a major
factor in the final choice.’

(RCEP, section 1.11, p.3)

The document discusses how to interpret the terms ‘best’ and ‘practicable’.
The term ‘best’ is acknowledged to be subjective and liable to change, as technology
develops. The term 'practicable' is (using the 1956 Clean Air Act as a reference
point) given two dimensions, ‘cost’ and ‘technical knowledge’; the latter refers not
only to the state of technology, but also the level of knowledge about impacts, etc.
Wider socio-economic impacts (e.g. on employment) are explicitly ruled out of
consideration by RCEP.

Principles and practice
RCEP sets out a succinct set of principles to guide BPEO assessment:

1. Timeliness Consider the environment at an early stage in the project.

2. Imagination Be diligent & imaginative in the choice of alternatives.

3. Rarity Consider unusual and improbable impacts too.

4. Significance Consider all significant aspects (local/remote, short/long term,
direct/indirect etc.).
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5. Auditability Leave an audit trail, giving access to the rationale for
decisions.

6. Explicitness Explain procedures.

7. Objectivity Be objective and scientific.

8. Comprehensiveness Don’t consider only the cost of compliance.

9. Openness Consult all affected people and organisations, as appropriate.

10. Flexibility Adapt the procedures to innovations in analysis.

To these could be added two further principles, which the text of the RCEP
document wholly supports:

11. Sufficiency ‘Sufficient data must be provided for the decision-maker’
(RCEP, sect.3.17).

12. Clarity The BPEO document should communicate clearly at the right level
for its readership.

These will be called the 'Extended set’ of principles. They could be used as a
high-level ‘checklist’ to give an initial evaluation of comparative assessments.

The RCEP specify a general procedure for assessing BPEO. The key feature
of this procedure is that a comprehensive list of options is to be generated at the
outset, in accordance with principle no. 2.  A ‘coarse screening’ stage is allowed as
part of options evaluation. This screening can call upon  ‘inescapable constraints of
an environmental, technical or regulatory nature’ (RCEP, section 3.14). This does not
include cost as a screening criterion.

To summarise these points:

• The fundamental role of BPEO [and comparative assessment] is to improve
decision-making.

• The emphasis is on environmental impacts, and specifically on pollution.

• Cost and technical knowledge are constraints on the practicability of best
environmental option (BEO).

• Coarse screening of options is allowed, but not on cost grounds.

Appendix 5 summarises one way of applying the RCEP approach.

14.3 Decommissioning and BPEO Assessment

The need for comparative assessment
As part of the UK oil and gas platform decommissioning process, an

environmental assessment must be submitted to the DTI and a safety assessment to
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the HSE. The DTI 1995 Guidance Notes (DTI, 1995) detail what the stages of the
environmental assessment process should be, and how the resulting environmental
report should be structured. The Notes require the abandonment programme to have
regard to:

1. the precautionary principle;

2. best available techniques and best environmental practice; and

3. other users of the sea

(DTI, Appendix A, section 3.2)

BPEO assessment is mentioned in the Guidance Notes as a requirement only
in the context of disposal at sea (covered by FEPA 1985). However, the benefits of
BPEO assessment are clear, since it produces documentary evidence of corporate
environmental responsibility, thereby showing that the company producing the
assessment is seeking to address all the important alternatives. Without such
documentation, there is scope for doubt among the stakeholders. Two examples
illustrate this point.

Example 1: Amoco Norway decided to use reinjection for the Valhal
cuttings. Other options were raised, but were screened out for qualitative reasons
(shown in brackets): onshore treatment (safety), incineration (emissions), re-use as
asphalt (high sulphur content from the barite), replacement by non-oil drilling fluids
(special demands of formations) and landfill (liability and public perception).50

Example 2: Conoco (Schuh et al., 1993.) considered three options for the
Murdoch cuttings:

• Offshore cuttings wash. This was rejected because it was not effective enough (it
only took the oil content down to 4-5%).

• Landfill. This was rejected because of safety (handling the containers), downtime
(weather) and the ’increasing number of landfill closures.’

• Reinjection. This was adopted because it was ‘economically as well as
environmentally viable’.

In both cases the decision was made to reinject. However, without formal
documentation the arguments supporting these decisions are not clear though this is
not to imply that any BPEO assessment in these cases need necessarily have gone
beyond coarse, qualitative screening.

BPEO and OSPAR 1992
BPEO as a concept is British, and is not recognised by OSPAR (1992). The

OSPAR equivalents are Best Environmental Practice (BEP) and Best Available
Technology (BAT), which are both explained in OSPAR (1992) Appendix 1. Key
points to note are:
                                                

50Information from Arne Skullerud, Amoco Norway (pers. comm.)
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• There are no explicit procedural guidelines in OSPAR (1992).

• BAT includes the ‘economic feasibility of such techniques’ (so it is similar to
UK’s 'Best Available Techniques Not Entailing Excessive Costs' (BATNEEC)
(OSPAR 1992, par.2c)

• BEP assessment goes beyond BPEO in that it covers:

para. 6d - resources, including energy

para. 6g - recycling, recovery and re-use

para. 7d - the potential environmental benefit or penalty of substitute
materials or activities

para. 7g - social and economic implications

Para 7d seems to implicitly allow for offsets to be included. For example, the
company pays £X to decontaminate an onshore site, rather than £Y to decontaminate
(or otherwise deal with) a cuttings pile - the values of X and Y to be somehow
agreed.

Ultimately the BAT/BEP approach supported by OSPAR is even wider than
the original UK BPEO assessment. That said, the concepts of BEP and BAT may be
criticised for not sufficiently taking the state of the environment into account. A
BEP/BAT process could still result in unacceptable environmental impacts
depending on how ‘acceptability’ was defined. To its credit OSPAR anticipates this:

’If the reduction of inputs resulting from the use of [BEP] does not lead to
environmentally acceptable results, additional measures have to be applied and
the [BEP] redefined.’

(OSPAR, 1992, par. 9)

In practice, therefore, OSPAR can be expected to raise the same challenges in
interpretation as BPEO. Given the similarity of the principles behind the acronyms,
perhaps it is the term BPEO which is the source of any difficulties, rather than what
it actually means in practice.

Some offshore BPEO assessments
There have been no BPEO-type comparative assessments of the options for

dealing with cuttings piles. However, there have been a number of BPEO
assessments in the more general context of offshore installation decommissioning.
Examination of these assessments will give a general idea as to whether a common
approach to BPEO in the offshore sector exists and how such an approach fares
against the RCEP’s Extended set of 12 principles. The BPEO assessments reported
here are:

1. Shell's SALM buoy (SALM)
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2. Conoco/BP Viking ’A’ (Viking)

3. Shell’s Leman BK(Leman)

Shell’s Brent Spar BPEO has been extensively reviewed elsewhere (NERC
1996 & 1998) and will not be described here.

Given the lack of statutory constraints, the companies themselves have had to
decide upon the format of their BPEO assessments. These are based on the DTI
guidelines and UKOOA documentation.

The DTI Guidance Notes identify five impact areas (Section 3.1 (g), p.10):

1. complexity and associated technical risks

2. risks to personnel

3. environmental impact

4. effect on safety of navigation and other users of the sea

5. costs

while UKOOA (UKOOA 1996) identify four impact areas:

1. technical feasibility

2. safety

3. environmental impact

4. cost

A subjective evaluation was made of these assessments, using the RCEP’s
‘Extended set’ of principles as a high-level checklist (as mentioned above). Such an
evaluation could be made more formal through the use of a panel of reviewers. While
acknowledging that the evaluation is informal, it nevertheless seems that the three
BPEO assessments do not wholly follow the RCEP's principles. This may reflect the
absence of definitive guidance about how to conduct the exercise.

One aspect common to the assessments is the lack justification for scores
attributed to certain factors. For example, the Leman BK BPEO report simply asserts
that there is ‘negligible environmental impact’ for three of its four options offering
no evidence as to the basis for this assertion. In other words, there seems to be a lack
of auditability.

The assessments also assume:

- that categories can be scored numerically;

- that the scores can then be aggregated into one overall score, in a single
pass; and
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- that the categories themselves are somehow ’given.’

These assumptions are illustrated in a hypothetical example in Appendix 6.
However, RCEP does not stipulate numeric scoring and aggregation, nor does it
define specific impact categories. The DTI Guidance Notes, for their part, simply
identify the impact areas to be covered; there is no implication that these correspond
to formal categories in any sense. Conoco, in fact, express some reservations about
the ’Cost’ category:

’Until a range of options have been developed and tested economically for
comparative purposes, cost as a criterion may be difficult to judge’

(Conoco, 1996, p.7)

However, Conoco’s own BPEO assessment goes on to include cost on an
equal footing with the other three categories.

The category 'technical feasibility' is also arguably not suitable for
quantification, given its close connection with ‘cost’ and the technical uncertainties
involved, especially for the cuttings pile handling and treatment options. In this light,
it would be more in keeping with the spirit of the RCEP principles to separate BPEO
from the Best Environmental Option (BEO). Three of the categories could be treated
as filters on the already assessed BEO, rather than as scalar values, contributing to
the overall assessment in parallel with the environmental impact assessment.

It is not implied here that numeric aggregation is in principle ‘wrong’, simply
that categorisation and aggregation tend to incorporate assumptions about the relative
importance of different impacts. For example, if there are four categories, including
‘environmental impact’, it is easy to make the assumption that the environment
should count for a quarter of the overall score. Upon reflection this category could
see its weighting increased, or even decreased, as appropriate to particular
circumstances. NERC's recent Second Report on Decommissioning Offshore
structures (NERC, 1998) makes a similar point, specifically concerning Shell's Brent
Spar BPEO (DNV, 1997b). NERC draw the conclusion that the RCEP's BPEO
procedure can make an assessment too sensitive to environmental impacts, in cases
where other categories (e.g. cost) bring out the differences between options more
emphatically.

The UKOOA/DTI report on drill cuttings in the North Sea
The UKOOA/DTI report, (here, 'UKOOA'), is a study of the whole North Sea

cuttings situation, including a comparison of the drill cuttings handling options. The
report sets out five impact categories, derived from the impact areas identified in the
DTI's Guidance Notes: ‘Technical feasibility’, ‘Cost’, ‘Safety’, ‘Environmental
impact’, ‘Other users.’ The report is only a screening study, not a BPEO assessment,
and stresses that its scores should not be taken imply preference for any particular
option. Rather, it aims to 'review the options available ... and indicate any areas
needing further development.' In addition, the relationship of the two semi-
quantitative dimensions of ‘feasibility’ and ‘confidence’ requires some clarification.
Apart from the conceptual difficulty over the meaning of ‘feasibility’ (given that one
of the impact categories is itself, nominally, ‘technical feasibility’), the interpretation
of low confidence scores is problematic. For example, the ‘Leave in situ’ option
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gives ‘Environmental Impact’ a feasibility score of 4 (= low environmental impact),
but a confidence score of only 2 (= low confidence in the assessment of low
environmental impact). In this case, it is not clear how to interpret the feasibility
score. It might be better in this case to treat the low confidence scores as a sign that
further research is needed before any reliable judgement of feasibility can be made.

Table 14-1 – UKOOA/DTI approach to scoring drill cuttings options

Option Feasibility Confidence

Leave in situ 19 18

In situ spreading 10 9

In situ
bioremediation

7 7

Capping 16 16

Burial 15 13

Reinjection 16 16

Treatment on land 16 14

Landfill 7 13

Incineration on land 6 13

Landspreading 5 11

Deep sea dispersion 16 14
Note: Each option is assessed along the dimensions of ’Feasibility’ and ’Confidence.’ Each cell in the
middle two columns is scored out of 25 (5 categories x 5 marks each.

Rullkötter makes this point in his peer review of the UKOOA report
(Rullkötter, 1997). He sums all scores in each of the five categories, finding that the
low scores in the ‘environmental impact’ category are largely due to ‘low
confidence.’ Not surprisingly he concludes more research on environmental impacts
is needed. Rullkötter also shows that three of the options receive both low feasibility
and low confidence scores. The options in question are:

• Removal to land

• Land-spreading

• In situ bio-remediation

In line with the above comments, Table 14.2 uses the low confidence scores
as a kind of filter, to indicate areas where future work is needed. Here, the threshold
is set at confidence levels 1 and 2. Some areas, such as environmental impacts,
would seem to be especially under-researched.

Table 14-2. Confidence as a filter

Tech Cost Safety Environ’t Other users
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In situ ♦

Deep sea ♦ ♦ ♦

Capping ♦

Burial ♦ ♦

Reinjection

Onshore ♦ ♦

Spreading ♦ ♦ ♦ ♦

Bioremed ♦ ♦ ♦ ♦

Landfill ♦ ♦

Incinerate ♦ ♦

Landspread ♦ ♦
Note: Marks in cells indicate impact areas, in each category, for which the

Confidence score in UKOOA is low – either 1 or 2.

14.4 Issues in Comparative Assessment

Decision support and the communication of quantitative information
The UKOOA/DTI report raises the question as to how confidence levels (in

the psychological, not statistical, sense) should be dealt with. This is part of a wider
debate on decision-making under conditions of uncertainty. The quantitative aspects
of this debate are discussed in Clemen (1998), while a number of research projects
address the related areas of group decision support systems and public consultation;
these projects are summarised in Bose et al., (1997). There is also extensive
documentation of the dialogue seminars that took place in late 1996 to debate the fate
of Shell’s Brent Spar installation (Environment Council 1997).

The specifically visual/representational aspects of communicating uncertain,
quantitative information are dealt with in (Tufte, 1983), while Morgan & Henrion
(1990) and Ibrekk & Morgan (1987) report on experiments comparing the
effectiveness of different graphical conventions (bar charts, pie charts,
probability/cumulative density graphs, etc.) for communicating uncertainty. Overall,
discussion of the interplay between group decision-making and the communication
of quantitative information seems to be absent in the offshore oil industry
decommissioning literature. NERC, however, comment on the power of graphical
images (NERC, 1998), referring to the Brent Spar report (Shell, 1996). Picken (1997)
also touches upon the topic, in a decommissioning context. There is scope for more
research.

Environmental Impact Assessment and BPEO
The overlap between EIA and BPEO is apparent in Shell's SALM buoy

disposal document (Shell, 1996). The same type of assessment is carried out in both
the EIA section and the BPEO section. The difference seems to be that, in the EIA
section, the results are laid out by option, while in the BPEO section, they are laid
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out by impact category. This makes BPEO and EIA assessments look like notational
variants, BPEO putting more emphasis on the consideration of alternatives.
However, EIA itself is supposed to give full consideration to alternatives. In the
planning context in which EIA is generally carried out:

‘[m]ost of the possible alternatives that arise will be rejected by the developer
on economic, technical or regulatory grounds. The role of EIA is to ensure that
environmental criteria are also considered at these early stages.'

(Glasson et al., 1994, p. 77 )

The term EIA could be replaced by BPEO in the above quotation with little
change in meaning.

Conoco (1996), however, maintain the distinction by using BPEO assessment
to decide upon the preferred option, and then essentially ‘validating’ this option with
an EIA, which goes into more detail on the various sub-categories of environmental
impact. Similarly, NERC's second decommissioning report proposes:

“We suggest ... making a provisional BPEO selection on the basis of a
comparative study, and to follow this by a verification process, once detailed
design, planning and pre-operational studies are completed. ... Should the
verification fail ... it would of course be necessary to return to consider another
option.”

 (NERC, 1998 Section 9.2.2)

In fact, both Conoco and NERC leave open the possibility that a decision
could be pre-judged on non-environmental grounds. This is against the RCEP’s
‘Extended Set’ of Principles. From the small sample of BPEO assessments consulted
here, it is clearly not possible to tell whether the offshore oil industry generally
maintains a distinction between EIA and BPEO assessment. It could be argued that
the issue is not fundamental, provided that the type of assessment chosen produced
adequate documentary evidence that the various alternatives had been thoroughly
examined.

BPEO and stakeholders
The Brent Spar affair has been interpreted as challenging the feasibility of the

BPEO process. The grounds for this challenge are: that an objective scientific
assessment was carried out, leading to the BPEO of Deep Sea Disposal; but that this
BPEO was nevertheless rejected, following a campaign by Greenpeace (Side, 1997).
In theory, the concept of BPEO (as given in RCEP) should not be affected by the
Brent Spar affair. After all, Principle no. 9 is ‘Consult all affected people and
organisations’. In reality, Greenpeace have argued against BPEO itself, claiming (in
their submissions to the House of Lord's 1996 Select Committee on
Decommissioning) that BPEO is fatally flawed. The reason given by Greenpeace is
that BPEO assessment sanctions a ‘case-by-case’ approach to decommissioning.
(House of Lords, section 3.69, citing Q 112 of transcript document).

This objection seems, on the face of it, harsh. Provided that all parties agree
that decommissioning decisions ought to be rational, then there is still plenty of
flexibility in the BPEO assessment process for different styles of decision-making. A
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decision sometimes involves carefully weighing up pro’s and con’s, while at other
times it relies on ‘rules-of-thumb’ or absolute rules, as at the screening stage for
example. BPEO principles can support both types of interpretations, as appropriate.

In practice, the case-by-case approach has only ever applied to a minority of
installations, and the OSPAR Decision 98/3 has made this minority even smaller. So
perhaps the real issue is not BPEO but, as Side (1997) implies, the extent of mutual
trust between the different parties. In this respect, it is the term BPEO itself which
carries negative connotations, such that its further use may actually hinder the
necessary process of trust-building.

From BPEO to iterative comparative assessment?
The context of the NERC quotation (above) makes it clear that environmental

impacts are not being downplayed. Rather, NERC's concern is that the decision-
making process may become too focused on certain categories and methods too early
on, before sufficient information is known. NERC do point to the potential over-
emphasis on environmental impacts, but as part of their argument for the need to
iteratively refine impact categories and procedures as more information is gathered
during the assessment.

Iterative refinement means more than just acquiring better data as the BPEO
assessment proceeds. It also means accepting the potential need to progressively
refine the set of evaluation categories and their relative weights - that is, the
assessment framework itself.

Iterative refinement is a maxim of decision theory (Morgan & Henrion, 1990,
Clemen, 1998) and yet it does not seem to have been discussed before in the BPEO
literature. It would seem to belong to RCEP’s early stages (objectives definition, then
options generation and evaluation).

In this light, NERC's proposed stages of ‘provisional assessment +
verification’ could be looked on as a special case of what might be called ‘Iterative
Comparative Assessment’ (ICA). The first stage(s) of such an ICA would involve
defining and scoping the general categories of impact and their relative weighting.
Detail could be added in later stages, as and when acquired, and the categories and
procedures thereby refined.

Following this approach, any aspect of assessment procedure could remain
open to change. For example, numeric aggregation could be omitted, replaced by a
simple ranking of the relevant ‘decision drivers’. If the ranking ran: 1) environment,
2) cost, then environment would be the ‘main driver’. If the consensus subsequently
emerged (perhaps from stakeholders, via consultation bodies) that the ranking should
be reversed, then cost would become the driver, and so on.

If numeric aggregation were held to be appropriate, then the considerable
body of literature on utility evaluation could be consulted, specifically multi-attribute
utility evaluation (Clemen, 1998). The rationale for such evaluation is to make
stakeholders’ values more explicit, and thereby improve the quality of any multi-
criterial debate. For example, in the decommissioning context, it is not clear at the
moment what is the relative value of ecological impact vs. energy usage or safety.
Utility evaluation could help clarify this point.
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ICA as a process is not revolutionary, rather, it acknowledges the widely
accepted principle of ‘keeping options open’ by not committing to any one category
at the outset. To that extent, ICA could help resolve the problem of where and how to
carry out environmental assessment More superficially, the term ‘ICA’ is new, and
as such might be more acceptable to some stakeholders than BPEO.

The disadvantage of not working with fixed sets of procedures and impact
categories must be acknowledged – namely, that the whole process of comparative
assessment could become over-complex and unworkable. A trial run of ICA – in an
appropriate consultation forum – would give an idea of how serious a problem this is
likely to be in practice.
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15. COMPARATIVE ASSESSMENT OF THE DRILL
CUTTINGS OPTIONS AT NORTH WEST HUTTON

It is beyond the scope of this report to involve external parties in an iterative
refinement of these categories (as has been discussed in section 14, on
BPEO/Comparative Assessment). Each category was treated in the manner felt most
appropriate; quantitative, semi-quantitative or qualitative. Since the categories were
not scored, nor was aggregation attempted, the problem of assessing the relative
‘weight’ of different types of impact has not arisen.

The main options considered are:

• Leave in situ (including possible bioremediation and capping)

• Dispersal

• Removal from the sea bed, followed by reinjection

• Removal from the sea bed, followed by treatment on land

The comparative assessment considered:

• Feasibility

• Ecology

• Εnergy and Emissions

• Health and Safety

The impacts for each of these categories are listed in the attached documents,
and summarised below.

Cost was beyond the scope of this report, but has been assessed in part by
(Cripps et al., 1998).

15.1 Results

• Leave in-situ

There are no anticipated technical feasibility issues of a complete leave in-
situ strategy other than disturbance as partial platform removal is conducted. This
assumes that the footings will have to be left in place in order to avoid disturbing any
of the pile. It is possible to envisage a partial leave in-situ option where part of the
pile remains undisturbed by decommissioning on the seabed and part of the pile
immediately surrounding and underneath the platform is removed.
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To date ecological effects have only been surveyed around North West
Hutton in one benthic survey, on a bearing of 288° (roughly West-North West)
(AURIS, 1992). Major ecological effects were evident to 800 m and discernible
effects (corresponding to the category of ‘change in community structure’ used in
this report) out to 2 500 m. A survey was conducted in 1997 to update this data and
give an indication of whether effects are increasing or decreasing in spatial extent
and severity. However, this survey sampled only out to 400 m, and a reference
station, therefore the critical part of the transect to determine change has not been
resurveyed. The biological data from the 1997 survey were unavailable at the time of
writing.

Contamination at North West Hutton, by hydrocarbons contained in drilling
wastes (M-Scan 1985), the likely source of which being North West Hutton, is
evident out to 2 500 m to the NW, 5 000 m at 100° (roughly East-South-East) and to
5 000 m to the South East (135°). In comparison with threshold values from our
review of other studies, the levels of contamination present at these sites (8.2 ppm,
30.1 ppm and 62.0 ppm) are within the range likely to cause reductions in diversity
and at least change in community composition. Ecological effects have not been
examined along transects other than NW, to determine this. In comparison with
several other sites in the North Sea, hydrocarbon concentrations at these distances are
relatively high (see Olsgard and Gray, 1995).

If the pile is left in situ, these sediment hydrocarbon concentrations may
decrease over time due to biodegradation and weathering. However, this may be
outweighed by dispersal of contaminated material from the main body of the North
West Hutton pile. To determine the likely future pattern of contamination, further
work is required. This is outlined in the conclusions and recommendations of this
report. Once predictions of the spatial distribution of hydrocarbon concentrations are
made, they can be compared with threshold values to predict the pattern of ecological
effects. Work covered in this review has gone some way to establishing threshold
values, though further work, for example using mesocosm tests and further toxicity
testing of drilling muds themselves is required to improve this knowledge.

• Dispersal

The cuttings pile at North West Hutton is estimated to have a volume of
25 225 m3 and this sediment is assumed to contain hydrocarbons at an average
concentration of 3.49%. Assuming the background hydrocarbon concentrations are
zero, the contaminated sediment is spread evenly across the seabed, and then mixed
into the sediment to a depth of 10 cm, then a cubic metre of sediment from the pile
would raise surface sediment concentrations to 10 ppm over an area of 30 000 m2. If
background hydrocarbon concentrations were taken into account, this area would be
greater. If the whole cuttings pile were evenly distributed, this would raise
concentrations to this threshold over an area of 8.8 x 108 m2, which corresponds to a
circle 33.6 km in diameter. In the context of NWH this represents a large area
which, in the opinion of the authors, is unlikely to be acceptable.

• Trenching, dredging, burial, capping

The technology for trenching, dredging and the burial or capping of sediment
at depth seems to be available but remains untested. The suitability of dredging
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equipment for drill cuttings piles, with their particular physical properties and the
unpredictable occurrence of buried debris would need to be assessed.

The ecological implications are similar to those for pile disturbance and
removal. Key information required is the extent to which any option will disturb the
pile, the concentrations of potential toxic components within the disturbed sediment
and the ultimate fate of that material.

• Removal

Where removing the pile from the sea floor is involved it is possible to use
information on the proportion of material lost to the environment during the lifting
process, determine how this will be distributed spatially by the prevailing currents
and then calculate a final spatial pattern of contamination which would result.

Concerning the actual removal of drill cuttings piles, there is insufficient
information to indicate how feasible current technologies are. This specifically
relates to the performance of pumping devices at depth. Dewatering of drill cuttings
also seems to be an area that has not been fully investigated. The main queries
concern the amount of water that would be taken up to the surface with the cuttings,
along with the effectiveness and energy consumption of dewatering techniques.
There may be unexpected problems.

There are also major uncertainties about estimating the duration of the
removal operations, given the unpredictable nature of obstructions, the unproven
nature of the combined technologies, and the effect of adverse weather conditions.
Logistics and economies of scale may well justify purpose-built or shared ships.

The same information on dose-effect relationships can be used to predict the
likely ecological consequences in the marine environment of the other options. It is
possible to calculate the area over which the pile would have to be spread to produce
a final hydrocarbon concentration in sediments, (see section 9.4). After making a
prediction of the area covered by a known concentration, the threshold values can be
applied to predict the ecological consequences of this. This calculation has been
made and even with the current threshold values it can be shown that this option is
likely to affect a wide area and to be unacceptable. For other options, predictions can
be made in a similar way. The dose-effect relationships can be used to determine the
likely ecological consequences. There are considerable uncertainties in the dose-
effect relationships as they currently stand, but the major uncertainty is the amount of
material that would be released to the environment during the lifting process. Until
the technology for removing cuttings material from the sea bed has undergone a trial
in deep water, it is unlikely to be possible to assess this with any degree of precision.
In addition, ideally, the dose-effect relationships would need to be improved for
options such as these, which are likely to be considered more seriously and for which
a decision may depend more critically on the scale of ecological impact, requiring a
more precise analysis.

The conclusion is that trials of removal technologies are still needed to see
how well they can cope with North West Hutton conditions, including the continued
presence of all or part of the platform.
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• Reinjection

Once removed, cuttings can be reinjected. This is known technology for fresh
cuttings. Also, reinjection is slow, so there may be organisational issues such as
storage that require careful consideration. Excess water is required for slurrification.

• Treatment onshore

If cuttings are to be transported for treatment ashore, it seems more sensible
to use large carriers (5 000+ tonnes dead-weight), rather than the medium-sized (500-
1 000 tonnes) hoppers that are the default choice in some of the literature. However,
no specific large vessel was identified for this report, and there is anecdotal evidence
of problems with unloading and cross-contamination. Logistical considerations
should include due consideration of a ‘round-robin’ vessel, servicing more than one
platform.

There seems to be no ‘off the shelf’ onshore treatment technology suitable for
cuttings piles. There is a question over the effectiveness of distillation for diesel-type
oils. Also, distillation residues may be classified as a special waste. They may,
however, have some use as a landfill liner, if a suitable proposed site could be found.

Cuttings could be landfilled as is, if a suitable site were found. Landfill of
special waste is currently a problem in the Aberdeen area, but several new sites are at
various stages of planning or authorisation. SEPA and the waste management
companies would need to be consulted regarding the latest situation.

Onshore ecological impacts are not part of this study.

• Incineration

Offshore incineration is unfeasible. An onshore mobile incineration facility
was identified that could potentially handle drill cuttings. There may be other
suitable incineration facilities. However, the calorific value of cuttings is likely to be
variable, and could be low.

Neither mobile incineration nor distillation have the capacity, in one single
plant, to cope with the volume of North West Hutton in a timescale of less than
several years. If this is unacceptable then new plant would be needed.

Onshore ecological impacts are not part of this study.

• Gasification

Gasification is theoretically an option, but the energy balance is, again, hard
to predict. The technique is also capital-intensive.

Onshore ecological impacts are not part of this study.

• Landspreading

Landspreading would require an enormous area. The odour would probably
be unacceptable and the hydrogeological risk may be significant.
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Onshore ecological impacts are not part of this study.

15.2 Energy and Emissions

There are great uncertainties in estimates of energy and emissions:

• The transport estimates depend upon uncertain weather and operating conditions,
also the type of vessel used;

• The energy balance of incineration depends upon the calorific value of the
feedstock, yet this is to all intents and purposes unknown. The estimates here
represent extrapolations from examples in the literature; and

• The energy use of lifting the cuttings to the surface depends upon unreliable
assumptions about feasibility and the amount of water taken up with the cuttings.

In view of these uncertainties, the estimates lack discriminatory power. The
combined discrepancies and uncertainties are enough to effectively rule energy out as
a criterion in the decision-making process in this report.

However, for the purposes of stimulating debate, where possible, energy use
has been assessed quantitatively, and expressed in Terajoules, representing
consumption. It could alternatively be expressed in terms of CO2 production, or other
indicators of significance, if desired. Where possible for energy use, three values
have been calculated: upper, lower and ‘best guess’ – the latter sometimes an average
of upper and lower. This has been done in order to illustrate degree of uncertainty
involved in such estimation.

Emissions and discharges have been assessed using published information,
where available.

Results
Estimates of energy use are attached as a spreadsheet chart in Appendix 2.

The first sheet outlines the energy profile for each discrete activity. The second sheet
covers the options as a whole though some activities are shared between options.
Given the uncertainties involved, the energy use of only three of the options could be
quantitatively assessed: reinjection; distillation and incineration. The indirect energy
costs of ‘Leave in situ’ are shown in the chart, but have been ruled out of
consideration, for the reasons given in Section 4.8.

The variability between the high and low estimates is such that there is great
overlap between the options. The range of variability is also different for each option.

Of the activities that make up each option, transport appears to make the
biggest single contribution to energy usage.

Energy use can only be properly considered in the drill cuttings debate if the
various options are specified in much greater detail, and if the reference values
(vessel fuel consumption, etc.) are standardised and authoritative. The Institute of



Centre for Environmental Risk

170

Petroleum study should help on the latter point (IP 1999). The process of attempting
to derive estimates shows some of the challenges ahead.

Concerning emissions, it is not known what quantity of hydrocarbons would
be released by the different removal technologies. The only trial has concerned the
Pneuma pump, but in rather different conditions from those found at North West
Hutton. Realistic trials are therefore needed. The technically acceptable criteria for
these trials in terms of factors such as turbidity and suspended solids need to be
informed by ecological and other criteria.

Emissions due to incineration will vary according to the type of incinerator
and its inputs. This needs further study.
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16. CONCLUSIONS AND RECOMMENDATIONS

16.1 General

This scoping report has been able to identify, describe and partially evaluate a
number of solutions for managing cuttings piles in the North Sea environment.
However, it has proved impossible to reach clear conclusions that would point to a
single ‘preferred option’, for dealing with the drill cuttings pile. To a large extent,
this is due to a lack of information about the various options and about their effects.
The key to remedying this situation is integration:

• There is a need to integrate cuttings pile data and ecological survey work, to
enable reliable ecological risk assessment.

• There is a need to integrate ecological risk assessment and engineering, in order
to specify and trial removal technologies.

The UKOOA Drill Cuttings Initiative launched during this project has set out
an ambitious research programme that will help to fill some of the data gaps
identified in this report and elsewhere. Together, this report, the Cordah (1998) and
the Rogaland (Cripps et al., 1998) reports, provide invaluable background material
and a guide to the published literature on the subject of cuttings piles.

More specifically this report focuses on North West Hutton. Though some of
the findings will be applicable elsewhere, many relate to the specific context at that
site. As researchers from outside the offshore industry, conducting this project has
been a new experience. In interpreting the conclusions and recommendations set out
below it is important to realise that this report represents a perspective from outside
the industry. This may be particularly relevant given the external scrutiny that is, and
will continue to occur, about cuttings piles and the many known, suspected and
unknown issues that follow.

16.2 Data

A significant proportion of what is known about the issues surrounding
cuttings piles has been reviewed in the process of producing this report. The research
team easily accessed information in the public domain. However, there was more
information about cuttings piles in the ‘grey’ literature, held by the offshore industry.
Unfortunately, accessing this literature has been problematic. Material was never
collated, lost or unavailable at the time of asking. There are important lessons here.
Much of the relevant information could have been collected two decades ago.
However, at that time the issue of cutting piles – indeed the issue of the environment
generally – was not a major priority. One wonders what kind of information will be
needed two decades hence and what, if any, processes are presently in place to secure
it. The co-operation of the industry through the UKOOA Drill Cuttings Initiative is
welcome news for researchers and will contribute to the development of important
trust-based relationships within and between industry and its stakeholders.
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This report was made possible by use of the 1992 survey data from Amoco.
The 1997 update of the survey is clearly important to evaluate any trends. To this
end, the research team would have benefited from access to the results of that survey.
Survey observational data are the necessary basis for modelling, evaluation of
methods and refinement of theory. To summarise:

• Understanding the nature and quantity of material in the pile is central to any
future work looking at environmental impacts of leaving in situ or removing the
material.

• Recent survey data are vital to enable a more informed assessment to be made of
the likely environmental consequences of leaving the cuttings pile in situ.

• Information such as the type and quantity of oil in the pile is useful in helping to
accurately characterise the processes. Some information is available from the
North West Hutton drilling records. Preliminary work conducted by CER has
used a relational database to analyse quantities of drilling mud and additives
showed some promise.  However, the accuracy of the database is driven by the
reliability of the historical records and these become less reliable the further back
in time one goes.

• More data are needed especially to the south of the platform, as this is the
direction of the dominant residual current. In this area more core samples are
needed to establish the distribution and migration of hydrocarbons.

16.3 Ecological

To fully understand the ecological implications of each option will require
more detailed analyses. The building blocks of these analyses are:

• A knowledge of the nature and quantity of material within the pile.

• How the material will be translocated by each of the potential options to establish
the concentrations of material at different points away from the platform.

• The impact of particular concentrations of particular materials on the local
marine environment and its ecology, this should include onshore impacts that
have not been covered in this study; and

• The significance (acceptability) of the impact.

The first three points are matters for scientific study, whereas the fourth
includes broader legal, economic, political and social dimensions.

16.4 Health & Safety

• More work is needed on the applicability and scope of biological monitoring for
drill cuttings removal options.
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• The safety data sheets / COSHH sheets for the various substances in the drilling
muds could provide a useful source of information.

• An attempt should be made to locate the HSE equivalent of Statoil’s guidelines
for the toxicity assessment of drilling fluids.

16.5 Energy

• The various removal and treatment technologies need to be more clearly
specified, to enable energy use to be estimated.

16.6 Decision-making

In broad terms there is a common industry approach to comparative
assessment, but this does not fully respect the RCEP's principles, specifically
concerning auditability, consultation and treatment of uncertainty. The ‘best’ or
probably more accurately ‘least worst’ of the drill cuttings handling options cannot
be decided at present, since the options are under-specified. Iterative Comparative
Assessment (ICA) is a possible solution to biases introduced by BPEO scoring and
aggregation. Also it does not have the negative image of BPEO. ICA involves
iteratively refining the assessment categories and procedures themselves. Multi-
attribute utility evaluation may also have a part to play.

All estimations of impacts are hedged with assumptions and span a wide
range of values, with varying levels of confidence. This needs to be acknowledged,
in a way that will be transparent to decision-makers / stakeholders.

Having taken almost twelve months to complete this report the emergence of
new information and methods has been a familiar and not always wholly welcome
feature of the project. However, given the technical limitations of some of the
options and the rapidly developing nature of some of them, this should be welcome
news for those trying to secure the optimum solution. Though it may be tempting to
see new developments as frustrating the progress towards an end-point it is important
to recognise the possible opportunity that an innovative solution might provide.
Therefore, whatever approach is adopted needs to be amenable to future changes.

To summarise:

• Iterative Comparative Assessment (ICA) is worth examining, particularly in light
of the UKOOA Drill Cuttings Initiative.

• More sophisticated ways of dealing with uncertainty and variability should be
investigated, along with ways to represent the results. Novel graphical forms of
communication should be examined. There has been little work in this area,
though Morgan & Henrion (1987) describe an early empirical study of different
graphical formats for representing probability distributions (see Appendix 7).

• Multi-attribute utility evaluation could be examined as a way of structuring the
values of stakeholders.
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• Options should be kept open for as long as reasonably practicable.

16.7 Openness and debate - a final statement

We hope that this report will contribute to developing knowledge about
cuttings piles within in the offshore oil industry and its stakeholders. It is pleasing to
see the offshore operators collaborating through the UKOOA initiative supporting
co-ordinated research on cuttings piles. We fully support any initiatives that will
encourage this spirit of openness and debate.
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Appendix 1 - North West Hutton Cuttings Pile oil content from
core samples, 1992.

The graph plots oil content against depth for cores taken from the cuttings pile
itself in the 1992 survey.
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Appendix 2 - Ranges of energy use value for different options.
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Appendix 3 - Pneuma Pump Schematic Diagram.
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Appendix 4 - Photograph of Collingwood Harbour Trial of Pneuma
Pump, Canada.
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Appendix 5 - Chart of possible stages of BPEO assessment.
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Appendix 6 - Conventional offshore industry BPEO - Score chart
of a hypothetical example.
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Appendix 7 - Different ways of presenting probability distributions.
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APPENDIX 8

Spatial Extent and Lowest Observed Effect Concentrations of Hydrocarbons for Impacts on the Macrobenthos.

Review of Papers 1984-1996

Effects Categories:

1. No Macrofauna present

2. Opportunists prevalent

3. Reduced diversity

4. Change in community composition

5. No effect

The table gives the location of the study and the date of the survey. Releases of drilling muds i.e. low toxicity base oil/diesel quantities
are given to enable comparison of effects. Effects are described in terms of the categories outlined in the main text of the report where possible,
or in terms of similar levels of effects. Lowest concentrations of hydrocarbons associated with these effects are given. In some cases, these
hydrocarbon concentrations are identified by the authors. Where they are not and they have been determined from the data in the process of this
review, figures are marked with*.
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Observed Ecological Effects and Lowest Observed Concentrations around Platforms in the North Sea

Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

8 fields in UK and
Norwegian sector

Diesel 6-17% 1. No
macrobenthos

(or a highly
modified
community
found)

0-500 m

(250m in most
cases)

� 1000 times the
‘background’
concentration. In this
paper this indicates
levels of 30 000 ppm

‘Background’ levels given in this paper are
approximately 30 ppm. This is derived
from values present at sampling stations
furthest from the platform. Other
concentrations are given as relative to
background, and not in actual figures.
However the ‘background’ value given
from data in this paper is not an actual
background value, compare figures from
the North Sea Quality Status report for
example.

Davies et al.,
(1984)

3. Reduced
diversity

Up to 2000 m 0-100 ppm and over Correlations between reduced diversity
and oil concentration were evident at 0-
100 ppm and at 100 ppm and over. No
clear threshold.

4. Change in
community
composition

Up to 2000 m, but
usually limited to
1000 m

5. No effect >2000 m 1-10 times
‘background’

(~30-300 ppm)
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

Beatrice.
Surveyed 1983,
directly after
drilling 6 wells
with OBM

13 wells with
WBM

6 wells with Low-
toxicity OBM

3. Reduced
number of taxa;
corresponds to
our category 3.

750 m Total Organic
Extractables 425 ppm

Aromatics 6.1 ppm

Addy et al.,
(1984)

Brent, Beatrice,
Murchison and
Statfjord

3. Reduced
diversity

Out to 750 m General conclusion for all platforms Kingston (1987)

5. No effect Beyond 1000 m General conclusion for all platforms

3. Reduced
diversity

Out to 500 m 22-23 ppm At Brent

3. Reduced
diversity

Out to 250 m 1344-1439 ppm At Statfjord B

Murchison.

Surveys:

1980

pre-operational
survey

1982

1 year after
drilling began.

1985

post-drilling.

13 800 t WBM

 7 100 t Diesel
Based Mud

2 300 t using Low-
toxicity

Base oil

2. Opportunists
prevalent

150 m 1982

100 m 1985

2993-4387 ppm THC

291-677 ppm THC

Chaetozone setosa opportunist, usually
sparse was prevalent  from 100 m out to
1000 m in 1985 survey ‘indicating spread
of the transitional zone’.

Mair et al., (1987)
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

3. Reduced
diversity

500 m 1982

1000 m 1985

10.6-11.5 ppm THC

34.5-89.6 ppm THC

‘Extent of transitional zone’ these limits
quoted in text also checked with data on
diversity. Figs outside range of ‘normal
diversity values’.

Mair et al., (1987)
continued

4. Change in
community
composition

2000 m 2.3-5.5 ppm THC

Ekofisk.  Surveys:
1983, 1984,1985
and 1986.

1983-86, 129 t
Low-aromatic base
oil used.

‘Appears to be a direct relationship
between the size of the impacted area and
the amount of OBM cuttings’.

Reiersen (1989)

Statfjord A.
Surveys: 1983,
1984, 1985 and
1986.

Pre 1983, Diesel
used.

1983-86, 1362 t of
Low aromatic base
oil used.

3. Reduced
diversity

Out to 1000 m >100 ppm

4. Change in
community
composition

10-99 ppm

Statfjord B.

Surveys 1983,
1984, 1985 and
1986.

Pre 1983, Diesel
used.

1983-1986
Mixture of diesel
and Low-aromatic
base  oil used.,
total 2825 t of oil
used..

3. Reduced
diversity

Out to 1000 m >100 ppm
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

4. Change in
community
composition

10-99 ppm Reiersen (1989
continued

Statfjord C
Surveys 1984,
1985, and 1986

1983-1986 Low
aromatic base oil
928 t.

3. Reduced
diversity

Out to 5000 m* >100 ppm Diesel, not used., low aromatic base oil
used instead. However, quantities used are
large, total release of aromatics is actually
greater than some installations using a
small amount of diesel.

4. Change in
community
composition

10-99 ppm

Ekofisk, Surveyed
1987.

1983-1986,

903 t of OBM

4. Change in
community
composition
(Includes reduced
numbers of ‘rare’
species

Out to 2-3 km 8.2-27.1 ppm Effects are not described as in categories
used in this review. However, similarly a
scale of impacts is used.

Stations with a varying degree of impact
are arranged concentrically around the rig
(most severely impacted closest to the rig).
Which ‘suggests in itself that the
community differences are a direct result
of the drilling activity’. Multivariate
statistical analysis provides ‘strong
correlative evidence  for cause and effect’
(Warwick and Clarke (1991).

Gray (1990)

Ekofisk,
continued.

More severe
change

Within 500 m 12.2-109.9 ppm Intermediate polluted site

3. Opportunists

(more prominent)

Within 250 m 148.4-2981 ppm Most polluted group of sites sampled
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

Eldfisk , Surveyed
1987

No data available 4. Change in
community
composition

Out to 1.5 km 9.97 ppm –16.44 ppm Change in community composition: Gray
suggests

(i)increased abundance of some species

(ii)changes in presence/absence of rare
species

‘These are the first effects of oil related
activities on the benthic fauna’.

Gray (1990)
continued

3. Reduced
diversity and 2
opportunist
species prevalent

Within 500 m 31.5-70.1 ppm

4 platforms in the
UK sector, names
not given.

4. Change in
community
composition

10 ppm Reduction in sensitive species, e.g.
Aonides paucibranchiata

Davies and
Kingston (1992)

5 OBM sites in
the Dutch sector.

Surveyed after
discharges ceased.

K12a, 6 yrs

P6b, 3 months

L4a,  8 months

F18.9, 1 yr

L5-5, 3 yrs

OBM

393 t

184 t

178 t

183 t

44 t

3. Reduced
diversity

Out to 100-250 m At 25 m from
platforms range is 31-
34 637 ppm

At 100 m

14-419 ppm

‘Abundance of most species reduced’. Daan, Mulder and
Van Leeuwen
(1994)
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

4. Change in
community
composition

Out to 5000 m Concentrations are
not used in this paper
as the measure of
exposure to
contamination from
platforms. Effects are
compared with
distance from the
platform.

Reduction in the most sensitive species. Daan, Mulder and
Van Leeuwen
(1994) continued

Valhall (1991) 51Change in
community
composition

Out to 6 km 5.9± 0.5ppm THC in top five variables correlated with
effects at this field .(in Two analysis using
CANOCO and BIOENV)

Olsgard and Gray
(1995)

Change in
community
composition;
more severe
impact

Out to 2.5 km 16.9± 3.0 ppm

Change in
community
composition,
more severe
impact than
previous.

Out to 1 km 158.6± 30.3 ppm

More severely
impacted

1467± 308.4 ppm-

                                                

51 In this paper, effects are again not expressed as in the categories used in this review.   The first level of change detected in this papers’ analysis, is represents a change in
community composition (equivalent to Category 4). Effects are then given on a scale of increasing severity.
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

Gyda  (1993) Change in
community
composition, least
affected sites

2 km 0.8± 0.2 ppm THC in top five variables correlated with
effects at this field, (In two analyses, using
CANOCO and BIOENV).

Olsgard and Gray
(1995) continued

Gyda (1993)

Continued

Change in
community
composition,
More severe
impact

1.2 km 3.4± 0.9 ppm – 8.9
ppm

More severe
impact

500 m 132.6±43.4 ppm

Veslefrikk (1993) Least severe
impact

6.8±0.7 ppm THC not highly correlated with effects.

More severe
impact

132.6±34. ppm

Most severe
impact

96.2±56.8 ppm

Fields in the
Dutch sector

100 m ‘Clear evidence of persistent biological
effects’

Tiesma (1996)
(Review of Daan
and Mulder 1993,
1994 and 1995)

K12a

Survey 1 year
after drilling

380 t OBM 4.Change in
community
composition

Out to 5000 m Reduced numbers of sensitive species Daan and Mulder
(1996)

K12 a  8 years
after drilling

4. Change in
community
composition

Out to 1000 m Reduced numbers of sensitive species
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Field/ Date of
Survey

Discharge
Composition and
Size

Effects Spatial Extent Lowest Observed

Effect Concentration

Comments Reference

3.Reduced
diversity

<250 m-500 m Daan and Mulder
(1996) continued
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APPENDIX 9

Table A9.1 Sediment tests

Substance LOEC** Organism Effects Duration of
exposure

Comments Reference

Naphthalene 0.14mg/kg Kalf et al., (1997)

Anthracene 0.12mg/kg

Phenanthrene 0.51mg/kg

Fluoranthene 2.6mg/kg

Benzo(a)

anthracene

0.36mg/kg

Chrysene 10.7mg/kg

Benzo(a)

fluoranthene

2.4mg/kg

Benzo(a)pyrene 2.7mg/kg

Benzo(ghi)

perylene

7.5mg/kg

** These values
are Maximum
Permissable
Concentrations
(MPCs) derived
from Equilibrium
Partitioning
Method.

Values
incorporate a
safety factor.
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Table A9.1 Sediment tests (continued)

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

PAH 25mg/g Flounder

Pseudopleuro-
nectes
americanus

Immune
suppression,
associated with
severe deleterious
effects on liver

Payne and Fancey
(1989)

Diesel-based
Drilling Mud

0.6ml/kg body
tissue

Rainbow trout

Oncorhynchus
mykiss

Suppression of
serum lysozyme
levels; effect on
immune system

42 days Extracts of
drilling mud
injected into liver,
not sediment or
water exposure.

Tahir and
Secombes (1995)

0.6ml/kg Lymphocyte
proliferation;
immune effect
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Table A9.2 Water column tests

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

Bunker C crude
Oil

750-800µg/l in
water

Littorina littorea,
marine snail

Stress responses
induced:
increased
crawling and
increased
respiration

30 mins Hargrove and
Newcombe
(1973)

Kuwait Crude in
Water
Accommodated
Fraction

100µg/l Venus verrucosa

Marine Bivalve

Significant
decreases in
clearing and
feeding rates, and
food absorption
efficiency.
Enhanced oxygen
consumption and
ammonia
excretion

142 days Effects integrated
to assess impacts
on ecologically
significant
measures eg.
scope for growth,
O2:N ratio. Found
significant
reductions..

Axiak and George
(1987)

Soluble fraction 100ppm Marine
Invertebrates

Mortality Hyland and
Schneider (1976)

Suchanek Review
(1993)

0.1-1.0ppm Larval and
juvenile marine
invertebrates

Mortality
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Table A9.2 Water column tests (continued)

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

Water soluble
Fraction

>0.12ppm
threshold

Evasterias
troscheli

Sea star

Decreased
feeding and
growth rates

O’Clair and Rice
(1985)

10-30mg/l Strongylo-
centrotus

Sea urchin

Embyological
abnormalities,
including non-
viable larvae

Vashchenko
(1980)

Anthracene 6.47µg/l Bivalve: Mulinia
lateralis

Mortality,
abnormal larval
development;

and restricted
growth

48h embryo
/larval tests

96hr juveniles

Pelletier et al.,
(1997)

Anthraquinone 94.2µg/l Mysid Shrimp:
Mysidopsis bahia

48h

Fluoranthene 1.09µg/l Mulinia sp. 48/96h PAH composition
of

Pyrene 0.23µg/l Mulinia sp.

These effects
were measured
for all substances.

48/96h products in µg/l:
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Table A9.2 Water column tests (continued)

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

Fuel Oil No.2 356µg/l Mysidopsis sp. . 48h Naphthalene: 165

Dibenzo-
thiophene:352

Phenanthrene/
Anthracene: 824

Higher MW: 0.74

 Arabian Light
Crude

7.9µg/l Mulinia sp. 48/96h N: 0.17

D: 424.4

P/ A: 8.75

H MW: 0.62

Prudhoe Crude 86.6µg/l Mysid Shrimp:
Mysidopsis
bahia/Bivalve
Mulinia lateralis

48h N: 92.9

D: 454

P/A:625

H MW: 30.9

Fuel Oil No.6 19.5µg/l Mysid Shrimp:
Mysidopsis bahia

48h N: 8.36

D: 631

P/ A: 770

HMW: 128



Centre for Environmental Risk

214

Table A9.2 Water column tests (continued)

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

Diesel 25µg/l  Bacteria :
Staphylococcus
sp.

Growth phase
depressed,
increased
generation time

30 min Carbon
metabolising

(degrading
bacteria)

Inhibition reduces
biodegradation

Okpokwasili and
Nnubia (1995)

25µg/l Bacillus sp. Growth phase
depressed,
increased
generation time.

30 min

Raw Produced
Water

(See Table )

0.4mg/l
(aromatics)

Mussel

Mytilus edulis

Reduced growth
rate

96-120h Stromgren et al.,
(1995)

2.2mg/l

(aromatics)

Bivalve Abra
alba

Fecal pellet
production
change

96-120h

1mg/l

(aromatics)

Oyster

Crassostrea gigas

Abnormal embryo
development

24h
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Table A9.2 Water column tests (continued)

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

Biodegraded
Produced Water

(See Table )

4.62mg/l Algae

Skeletonema
costatum

Growth Inhibition 72h

Benzene 5.8ppm Striped Bass

Morone saxatalis

LC50 96h Benville and
Korn (1977)

Neff (1979)

Review

Toluene 4.3ppm Bay shrimp

Cragon
franciscorum

LC50 96h Benville and
Korn (1977)

Naphthalene 0.008-0.012ppm Dungeness crab,
stage 1 zoeae
Cancer magister

and Shrimp larvae

Pandalus
platyceros

100% mortality 18-24h Sanborn and
Malins (1977)

1-Methyl-
naphthalene

1.9ppm Dungeness
crab.Stage 1
zoeae Cancer
magister

LC50 96h Caldwell (1977)
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Table A9.2 Water column tests (continued)

Substance LOEC Organism Effects Duration of
exposure

Comments Reference

2-Methyl-
naphthalene

0.7 ppm Brown shrimp
Penaeus
varigatus

LC50 24h Anderson (1974)

2,3,6 Trimethyl-
naphthalene

2.0 ppm Marine
Polychaete

Neanthes
arenaceodentata

LC50 96h Rossi and Neff
(1978)

Phenanthrene 0.37 ppm Grass shrimp

Palaemonetes
pugio

LC50
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Table A9.3: Specific hydrocarbons in raw and biodegraded produced water samples, tested by Stromgren et al (1995)

Specific Aromatics in Produced water: Concentrations in Raw Produced Water
sample (µg/l)

Concentrations in biodegraded produced
water sample (µg/l)

Naphthalenes: 203 127

BTX ( Benzene, Toluene, Xylene) 79 31

Phenanthrenes: 88 0.7

Dibenzothiophenes 6 0.1
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Appendix 10 - List of Acronyms

ALARP - As Low As Reasonably Practicable

APEs - Alkyl-Phenol Ethoxylates

BAT - Best Available Technology

BBL – Barrel

BBM – Barrels per Minute

BEO – Best Environmental Option

BEP - Best Environmental Practice

BG – (formerly) British Gas

BGV - Benchmark Guidance Value

BHP – Baker Hughes Petroleum

BPEO - Best Practicable Environmental Option

BTX - Benzene, Toluene and Xylene

CEDA - Central Dredging Association

CEFAS – Centre for Environment, Fisheries and Agricultural Sciences

CER - Centre for Environmental Risk

CHIPS - Chemicals Hazard Information and Packaging for Supply

ChWI - Chemical Waste Incineration

CIRIA - Construction Industry Research and Information Association

CN-ECOD - 7-ethoxycoumarin-O-deethylase

COSHH - Control of Substances Hazardous to Health

CRU - Climatic Research Unit

CSERGE - Centre for Social and Economic Research into the Global Environment

CSO – Coflexip Stena Offshore

DAFS - Department of Agriculture and fisheries for Scotland (now SOAFED)

DCPIP - dichloro-phenol indophenol

DETR – Department of the Environment, Transport and the Regions
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DMAF – Dredged Material Assessment Framework

DNV – Det Norske Veritas

DOE – Department of the Environment (now DETR)

DTI - Department of Trade and Industry

DSV – Diving Support Vessel

EC - European Commission

EEC - European Economic Community

EIA - Environmental Impact Assessment

ELISA - enzyme-linked immunosorbent assay

ENDS - Environmental Data Service

E&P Forum - Exploration & Production Forum

EP - Equilibrium Partitioning

EPA – Environmental Protection Act (UK)

EPA – Environmental Protection Agency (USA)

EQS -  Environmental Quality Standards

EROD - ethoxyresorufin-O-deethylase

EU - European Union

FAR – Fatal Accident Rate

FEPA - Food and Environment Protection Act

FSAR – Fatal and Serious Accident Rate

GLC - Gas Liquid Chromatography

GOOMEX - Gulf of Mexico Offshore Operations Monitoring Experiment

HGV - Health Guidance Value

HOCNF - Harmonised Offshore Chemicals Notification Format

HOCNS - Harmonised Offshore Chemical Notification Scheme

HSE - Health and Safety Executive

ICA – Iterative Comparative Assessment
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ICES - International Council for Exploration of the Seas

IME – Ian Murray Engineering

IMO – International Maritime Organisation

IOE - Institute of Offshore Engineers

IP – Institute of Petroleum

IPC – Integrated Pollution Control

IPPC – Integrated Pollution Prevention and Control

JMP - Joint Monitoring Programme

LOEC - Lowest Observed Effect Concentration

LSA - Low Specific Activity

MAC - Maximum Allowable Concentration

MAFF - Ministry of Agriculture Fisheries and Food

MFO - Mixed Function Oxidases

MNCR - Marine Nature Conservation Review

MPC - Maximum Permissible Concentration

MWI - Municipal Waste Incineration

NERC – National Environment Research Council

NGO – Non-Governmental Organisation

NORM - Naturally Occurring Radioactive Material

NSQSR - North Sea Quality Status Report

NSTF - North Sea Task Force

NWH - North West Hutton

OBM - Oil-Based Mud

OCNS - Offshore Chemical Notification Scheme

ODCP - Offshore Decommissioning Communications Project

OECD – Organisation for Economic Co-operation and Development

OSPAR - Oslo-Paris Commissions
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PAH - Polycyclic Aromatic Hydrocarbon

PARCOM - Paris Commission

QRA – Quantitative Risk Assessment

QSAR - Quantitative Structure Activity Relationship

RCEP - Royal Commission on Environmental Pollution

ROV – Remotely Operated Vessel

RSPB- Royal Society for the Protection of Birds

SBM - Synthetic-Based Mud

SEBA - Sea Based activities (OSPAR working group on-)

SI – Statutory Instrument

SLF - Secondary Liquid Fuel

SOAFD - Scottish Office, Agriculture and Fisheries Department (Now SOAFED-
Scottish Office Agriculture, Fisheries and Environment Department)

SRB - Sulphate Reducing Bacteria

SSCV – Semi-Submersible Crane Vessel

THC - Total Hydrocarbons

TOE - Total Organic Extractables

UCM - Unresolved Complex Mixture

UEA - University of East Anglia

UKCS – United Kingdom Continental Shelf

UKOOA - United Kingdom Offshore Operators Association

UNCED - United Nations Commission on Environment and Development

USEPA - Unites States Environmental Protection Agency

UV-f - ultra-violet fluorescence spectroscopy

VOC – Volatile Organic Compound

WBM - Water-Based Mud

WOAD - World Offshore Accident Databank
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WOW – Wait On Weather
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Appendix 11 Organisations Contacted

AEA Technology, Aberdeen

Amoco Norway
Amoco UK Exploration Company, Aberdeen

Amoco UK Exploration Company, London
Amoco USA

Baker Hughes Inteq
Baroid, Aberdeen

BHP Petroleum
BP, Aberdeen

BP, London

BP, Sunbury

British Library
CEFAS, Burnham-on -Crouch

CEFAS, Lowestoft

Conoco London

Conoco, Aberden

Cordah, Aberdeen

Climatic Research Unit (CRU), University of
East Anglia

CUA Heavy Lifting, Netherlands

Dames & Moore, Aberdeen

DTI Parliamentary Branch, London

DTI, Aberdeen

Dunstaffnage Marine Laboratory
E&P Forum, London

Enviroco
Environment Agency, Bristol

Environment Agency, London

Environment Agency, National Centre for Risk
Analysis, London

Environment Agency, Peterborough
Environment Canada
Greenpence Research Laboratories, Exeter
Greenpeace UK, London

Haliburton, Aberdeen

HAM Dredging, Netherlands

Hartley Anderson Ltd., Aberdeen

Hay & Co., Shipping & Forwarding Agents,
Lerwick

Heerema, Netherlands

Health and Safety Executive (HSE), Aberdeen

HSE, Bootle

HSE, London

Heriot-Watt University, Edinburgh

Ian Murray Engineering, Aberdeen

Institute of Petroleum, London

ITS Drilling Services, Aberdeen

Joint Nature Conservation Council,
Peterborough

MAFF
Marinetech South, Southampton

Marine Safety Agency, Southampton
Meteorological Office, Aberdeen

National Environment Research Council

Northumbrian Water

Offshore Decommissioning Communications
Project (ODCP), London

OLF Norway

OSPAR, London

Phillips Petroleum, Woking

Recovery Systems Ltd., Lowestoft

Reverse Engineering Ltd., Manchester

Rogaland Research, Norway

School of Biological Sciences, University of East
Anglia, Norwich

Scottish Environmental Protection Agency

(SEPA)

Scottish Natural Heritage

Scottish Office

SFT (Norwegian State Pollution Control
Authority)
Shanks & McEwan, Aberdeen

Shell UK Exploration & Production,

Aberdeen

Shell UK Exploration & Production,
Lowestoft

Southampton Oceanography Centre
UK Waste, Great Yarmouth

UKOOA, Aberdeen

UKOOA, London

University of Oslo
WRC Consultancy, Swindon


