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1 INTRODUCTION

At least since the controversy over the attempigpogal at sea of the Brent Spar structure
(see UYSEG 2005 for a simple and objective accofititis), the decommissioning of North
Sea offshore oil and gas installations has beeattenof intense policy concern. It is likely
that many more North Sea structures will need tddmmmissioned in the coming years.

This papel assesses and evaluates various options for dessipming using a
methodology that combines material flow and endiagy analysis, with assessment of the
resulting environmental impacts, and value chaadyesns. The intention is that this joint
focus on economic and environmental factors (awedbtactors where relevant) will enable
the full implications of the different decommissiiog options to be properly compafed

Section 2 outlines some of the main features oas®ssment methodology to be employed.
Section 3 briefly discusses the decommissioningeissnd options considered, while Section
4 describes how the assessment was carried otiniseagives the outcomes of the
assessment. Section 6 concludes.

2 METHODOLOGY, SCOPE AND SOURCES

Material and energy flow analysis are based orithdamental principle that neither energy
nor matter can be created or destroyed, only clthfigen one form into another. The
analysis involves drawing a conceptual boundarym@aa system and undertaking an
accounting process for energy and/or material flbwsugh the system or across its
boundary, balancing inputs, changes in stocks atulits of a given material, or a flow of
energy, over a given timeframe. Materials crosdthendary of the system under
consideration and are transformed by a processeltiat stay within the boundary are
added to the material stocks of the system. THusdeave the boundary (whether as
products or wastes) are subtracted from the mastdeks of the system. A mass balance
equation expresses the reality that matter caraotdated or destroyed.

With regard to energy, typically the process uraersideration in the system will use high-
grade energy and transform it into low-grade en&rgich will usually be dissipated across
the boundary of the system. Like matter, the amotiehergy will be conserved but it will
be changed from a high-grade to a low-grade form.

Industrial processes typically utilise high-grademry and raw materials to produce a higher
value product, and one or more low-value wasteyxts] often themselves requiring further
processing. This further processing (of which demgsioning is an example) itself may

! The paper is the result of a project funded unideitK Department of Trade and Industry (DTI)’s
Sustainable Technologies Initiative LINK Programméh funding from the Engineering and Physical
Sciences Research Council (EPSRC), matched bytimydiergely through in-kind contributions in idéging
and providing data, case studies and researchgajigs research funding and support is gratefully
acknowledged.

% The longer Working Paper, Ekins et al. 2005, fiohich this paper is derived, goes into far moraifien
many of the issues which informed this assessrhantthere is space for here.
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produce low-value wastes and involve environmamphcts. Assessment of such processes
needs to consider

» The impactsand environmental risks of the waste if left ungpssed;

* The value and environmental burdenof the input materials used in the processes
and the outputs from it; and

» The wider socialand distributional implications of these outconmeduding the
interests of future generations.

Any perceived net benefit has to be consideredlation to thdinancial expenditure of the
processes and the overall benefits they yield.

One aspect to consider in the application of treshmdology to decommissioning is that
there is potential to recycle the materials conipgishe structure. In essence, the two broad
decommissioning options are:

» To return the structure to shore and recycle theenads which comprise it, when the
material, energy, financial, emission and otherlicagpions of dismantling the
structure, transporting it to shore and recyclingeied to be calculated;

* To leave itin situ, when the analysis needs to include the matenma;gy and
financial implications of so doing, plus the imglions of producing the same
amount of useful material as recycling it would @aone onshore, Not recovering
and processing the structure requires that rawrmahtad energy be consumed to
replace the materials which would have been redyi€lihe structure had been
brought onshore.

The financial flows involved in any process consisthe financial costs of undertaking the
process. There are also various non-financial éaeid environmental) issues related to the
process’s material and energy flows (see Table ZHgse issues, which will not necessarily
be included in any way in the financial flows asated with material and energy use, need
to be addressed explicitly. The approach takehigstudy is not to make a valuation of
such non-financial outcomes, but to identify andlgatively assess the importance of them
relative to some reference case.

Table 2.1: Issues Addressed in this Assessment¥commissioning
Assessed quantitatively Assessed qualitatively
Material inputs A clear seabed
Material endpoints (of the material Health and safety of personnel directly involvedhea
being decommissioned) decommissioning process
Total energy requirement (TER) Jobs in the UK
Total gaseous emissions Impacts on the marine@mmient
Financial expenditures Conservation of non-renegraddources
Impacts of resource extraction
Impacts of landfill
Impact on the fishing (specifically trawling) instay
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| Impacts on fish (and other marine life) |

In the discussion of these issues that followsdati®n 4, any financial considerations related
to the issues are quantified where possible, whéenon-financial components are given
different symbolic representation. Because of theettainties involved in some of the
financial calculations (which relate to processaaea of which have never actually been
carried out), it would have been desirable to gineefinancial estimates as ranges. Usually,
however, this was not possible from the extantssarlt should, therefore, be borne in mind
that point financial estimates are not intendesuggest accuracy or levels of uncertainty,
but simply reproduce the numbers in the studieswaited.

As noted by Greenpeace (2004), which of all therenmental groups has taken most
interest in and exerted most influence on the deaigsioning issue, any full consideration
of decommissioning also needs to take accountazd®er issues such as “the established
international trend against dumping”, “the cumwatdamage and the potential precedent
that could be set by dumping individual installaimn a ‘case-by-case’ basis”, the need for
industry to take responsibility for the productsri¢éates, the precautionary principle and the
need to protect the environment from harm. Sontbede issues will be qualitatively
assessed under the headings above. Others witbbgltt into consideration in the

concluding discussion and interpretation of thelltesof the analysis in Section 5.

The analysis of the selected decommissioning optitrosen starts after execution of all the
required tasks which are common to all decommigsgoaptions (shutdown, well
decommissioning and flushing and cleaning of tapkscess equipment and pipelines), and
ends for the in-situ options when monitoring ano/eying activities begin (i.e. they are not
included in the assessment), and after recyclingetransfer of residual waste to a third
party for the return-to-shore options. No limipist on the time period over which the
impacts and outcomes of decommissioning are coreidelevant for the analysis. There is
also no assumption that the impacts of the decosiomigg will be confined to the UK or
the North Sea. Financially the analysis only loakthe expenditures incurred in
decommissioning and makes no quantitative assessrhtre wider economic impacts.

Figures for the energy requirements of decommigsgpof offshore structures are produced
by the Institute of Petroleum (IP 2000). This pd®s a methodological framework for
making an assessment of energy use in the absénasenspecific figures being available.
This framework is used as the starting point f@g #malysis of decommissioning both for
energy (diesel) and its corresponding material $low

Decommissioning of offshore structures in the N&#a is in its relative infancy. Relatively
few structures have so far been decommissionedange fixed steel structures have so far
been decommissioned. It is therefore not surprigiag to date, the great majority of study
and analysis of the impacts and different optidmdezcommissioning have been carried out
by the industry. In fact, this study would not hdezn possible had the industry not given
access to the project researchers information frolustry sources, which had not been
previously available. Much of this information casrfeom recent intensive studies relating
to the decommissioning of a large steel structwtech is here called Case Study A, access



to which was obtained on a confidential basis feomoperating company, which had carried
them out as part of the process of preparing tisedraft of decommissioning proposals for
submission to the UK Department of Trade and Ingu&TI).

Two other bodies of work have provided useful matéor this study:

» Studies relating to the decommissioning of Maureesteel-based re-floatable platform
structure. (Phillips UK 1999)

» Studies relating to the decommissioning of Ecofjskplanned 15-year decommissioning
programme for thirteen steel platform facilitiesvesdl a storage tank in the Norwegian
North Sea. (ConocoPhillips 1999). For ease of egfes in some tables, this has
sometimes been called Case Study B.

» The Joint Industry Project (JIP), led by the UK $bibre Operators’ Association
(UKOOA), a major programme of research seekingottst way of tackling the historical
legacy of accumulated drill cuttings beneath offshiastallations in the North Sea
(UKOOA 2002).

3 DECOMMISSIONING ISSUES

A typical North Sea ‘large steel’ deep-water stowet(Watson, 2001, p.27) consists of:
* A ‘topside’, the actual platform above the surfat¢he sea on which offshore
activities take place.
* A‘jacket’, which supports the topside and is aisture largely of tubular steel, which
may be 140-160m high and weight 12,000-30,000 tenne
* ‘Footings’, the lowest and heaviest section ofjtuket, which are considered
separately for decommissioning purposes. The fgstinclude ‘pile clusters’ to aid
piling of the structure into the seabed, and dinigitemplate, through which the
wells are drilled.
* A pile of ‘drill cuttings’, perhaps 5m high on tlseabed beneath the platform,
consisting of drilled rock particles and drillinigiitis arising from drilling the wells.
In addition, there are likely to be pipelines fbe texport of oil and gas, which may also need
to be decommissioned.

3.1 REGULATORY AND ECONOMIC ISSUES

The regulatory framework for the decommissioningiéhore structures in the North Sea is
provided by the OSPAR convention. There is curyeathresumption under the OSPAR
convention that all offshore structures will beieaty brought to shore for decommissioning,
with only limited possibilities for derogation. particular, OSPAR Decision 98/3 (taken in
1998) requires the following:

» All topsidesof all structures are to be removed and brougbkhtwoe for reuse, recycling
or disposal;

» All sub-structures or jackets weighing less than 10,0a0nnesmust be totally
removed and brought to shore for re-use, recydmdjsposal;
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» Forsub-structures weighing over 10,000 tonneghere is a presumption to remove
totally but with the potential of a derogation kpagreed on whether ti@otings might
be left in place; and

» Derogation may be considered for the heeancrete gravity based structuress well
as for floating concrete installations and any cetecanchor-base.

At the UK level decommissioning is regulated by BYE. The DTI's Guidance Notes for the
decommissioning of offshore facilities and pipe$irtetail how all components of the
decommissioning process should be dealt with inotydrill cutting piles and pipelines

(DTI 2001). Any OSPAR derogation requires formdémnational consultation to be
undertaken by the relevant government.

The cost of decommissioning all of the structuresoaiated with the UKCS was estimated in
2004 as £9.1 billion by 2030 (UKOOA 2004, p.10).téd¢m (2001, p.6) estimates that the
costs of total removal of the North Sea struct(res also including Norwegian and Dutch
structures) may be £13-£20 billion. This illustsat®th the high costs and continuing
economic uncertainties associated with decommisgioespecially of the large steel
structures in deep water, of which there is aswgetxperience. Moreover, while the
structures may be similar, they are not identiaad differences in detailed design, coupled
with differences in the nature and extent of wewt #ar over their lifetimes in the harsh
North Sea environment, mean that the decommisgjasfieach one will need to be
approached on a fresh basis.

Because the tax regime applied to offshore oilgamloperators in the UK sector of the
North Sea allows decommissioning expenditures toffset against tax liability in the

normal way, some proportion of the costs can bardegl as effectively public expenditure,
because of the tax revenues foregone. This is partant, but little appreciated,
distributional implication of decommissioning, whimakes decommissioning relevant to
public as well as private spending priorities. Tabief means that the UK governmental
contribution to decommissioning offshore structusésbe between 30-70% depending on
historical levels of Petroleum Revenue Tax (PRglpBased on present cost estimates, the
cost to the taxpayer of decommissioning all ofdtractures on the UKCS associated with olil
and gas is estimated to be £4.6 billion in the y@&01-2030 (Kemp etl. 2001, p.31,

medium exploration scenario), about 50% of thel tmiat, and this is the proportion assumed
in the rest of this paper. Assessment of the wideal implications of the decommissioning
options (for example, considering the sourcestefaative tax revenues required due to tax
offsets) is beyond the scope of the paper.

All those with a financial interest in an oil andsgnstallation have a residual liability for
anything left in-situ. In the event of the ownepsbeing passed on, perhaps to new entrants
and smaller operators (DTI 2001, p.34), new owngayg be asked to give financial security
to old owners, because, in the event of new owgeirsg out of business, liability can revert
to former owners. If a party wishes to end thaibiiities in the asset, this will only be agreed
to by the Government if appropriate external finahsecurity is agreed within the
partnership (DTI 2001, Annex F). In addition torf@l legal liability, residual materials may
be a potential liability in terms of reputationr focertain time and for the larger oil



companies at least. Any residual liability followidecommissioning is noted in the
assessment but has not been quantified.

3.2 DECOMMISSIONING EXPERIENCE AND OPTIONS

A number of structures of various types have eibiean decommissioned or have been
approved for decommissioning. These include:

» Brent Spar —A steel floating storage facility (dismantled baee);

* Maureen — A steel-based re-floatable platform structuienféntled onshore);

» Ekofisk | — A planned 15-year decommissioning programmehfioteen steel platform
facilities as well as a storage tank (platformsaeed to shore, tank to be left in situ);

» Case Study A- A large steel structure such as that describedea(none yet
decommissioned).

On the UK Continental Shelf (UKCS) there are 38dafixed steel structures (DTI 2002,
Annex 2A, p.44). Many of these structures will igible for derogation under the current
OSPAR arrangements and could apply to leave thetirfgs in-situ. While it is not possible
to say that the Case Study A structure is in de¢pitesentative of all large steel structures,
because all have some unique aspects, it is awteuoughly in the middle of the range of
weight and water depth for such structures, angd doéseem to have any features that
would systematically bias the analysis. It hasdfage been treated in this paper as broadly
representative of large steel structures as a whatehe results and conclusions should be
interpreted with this in mind.

The decommissioning options assessed in this pafae to:
1. Large steelproduction platforms which are fixed to the seabéd jacketsof greater

than 10,000 tonnes (based on a case study ofawstun the middle of the size
range of such structures) and which may contairenads$ set out as in Table 3.1;

2. Large mostly concretestructures (based on a tank case study);

3. Pipelines based on a case study of a combined oil and pigakne. These pipelines
do not represent the larger trunk oil pipelineduse the export of oil from a number
of facilities,

4. Large drill cuttings piles of about 40,000 tonnes, some of which cordgdibased
drilling muds.

Table 3.1 Materials Contained in a Mid-Size Large el Structure®

Totals Steel Aluminium Copper Non-metals
t t t T t
Topside 20,520 20,000 20 200 300
Jacket 10,200 9,000 500 700
Footings 11,300 10,000 300 1,000
Total structure 42,020 39,000 820 200 2,000




! It should be noted that the tonnages of mateiniadsich structures will vary and these figures hbe
regarded as no more than indicative of the kindmafses involved.

The three decommissioning possibilities assessatbiie detail below are as follows:

Leave in situ —Leaving the structure in situ after the cleaninglbhydrocarbons.
While leaving individual component parts of theusture (e.g. topside, jacket etc.)
can be considered separately, obviously lower comapts have to be left in situ for
this to be considered for a higher component.

Shallow disposal -Dismantling the structure and depositing it onte skabed
around the site of the operational structure.

Recovery —The removal and transport to shore, and dismandimjre-processing or
landfilling, of all the components of the structure

There are a number of other decommissioning pdiigibj summarised below. Apart from
not being legal under current regulations, as dised above, they have not been analysed
further, or separately, in this paper for the reasgiven:

Monitoring — Leaving the structure in situ with a programmeifgoing monitoring
of the fate of the abandoned structure and assocmaterials (e.g. pipelines and drill
cuttings piles). This possibility is only potenlyaavailable for footings over 10,000
tonnes, drill cuttings and pipelines. In fact, agprate monitoring will need to be
carried out for any materials left in situ. It Hhsrefore been considered in the
discussion of the options that envisage this, rétren as a separate option.
Toppling — Doing the minimum required to topple the structswethat it simply lays
on its side at the site. There has been no orlitdeywork done on this option
relevant to the larger steel structures mainlyys®d in this report. If it was
discovered to be a technically feasible optiorfifard steel structures, toppling
would have many similarities to the shallow dispagsion but with moderately
lower material, energy and financial requirements.

Deep-sea disposal Removing the structure for disposal in the dee@ocehere it
would be effectively impossible for there to be &mgher human interaction with the
material comprising it. There has been little wddne on this option since the
OSPAR regulations made it effectively illegal, makit rather difficult to provide
accurate analysis of its cost and material basiany case, deep-sea disposal seems
likely to have a significantly greater total energguirement than shallow disposal
(ERT 1997, p.11, Table 4), without having additidoenefits, and it is therefore
excluded from further analysis on these grounds.

Table 3.2 presents an overview of the various daaissioning options considered later in
this paper. For all of them, the assessment daesclade the basic activities — clean up (of
hydrocarbons from the structure’s oil and gas sgsjewell decommissioning and the
clearing of debris from the immediate surface efskabed (i.e. not including the drill
cuttings pile) — that are common to all of themeTlbeave in situ’ options for the structure
(T1, J1, F1, CON1) assume that nothing else is eyend these activities. Options T2, J2
involve shallow disposal of the structure. T3,B3, and CON2 entail recovery of the
structure and its removal to shore for reprocessirgjsposal of its constituent materials.



Option F2 (recovery of footings) has two possitdeiants (F2a & F2b) depending on
whether

» F2a: the drill cuttings are left in place

* F2b: the drill cuttings are removed.

This is important as the removal of the footingshwihe drill cuttings left in situ could
disrupt the drill cuttings with resulting releadehgdrocarbons into the water column. This
difference will be apparent in the descriptiontod tpproach to drill cuttings rather than in
the description of F2 itself. ‘Hybrid’ options walibe to cut the footings at the level of the
drill cuttings, which then might or might not beveoed; or to dredge (using a suction
dredge) only those cuttings round the footingghst the footings could then be removed.
The dredged cuttings could then be disposed ofsasissed below, and the rest left
undisturbed, or covered, as desired. Because obladata, these options have not been
explored in detail, but they will be consideredhr relevant place in the conclusions.

Table 3.2 Summary of Decommissioning Options

Decommissioning Options
S o o
— c c o
S E £ S
g : 3 g
g S 8 2l a8 a8 28 |£5
2 o = 2 3] @ = = © = Ec
o o Z z S| || £ g5 |3s
= 5 c = S 2 i) 3 L | 8% 0T
= = = = o 5 f=3 = o = O | O o2
S S o 8 > 3 a g g Y Lo lal2s
> > g = (<) - ] o g | £ 5 =
5 5 S | 2| 8 | &|S|g|3]8|egel|EE
3 @) o  |la |l d|lo|d|le3das|lel
Topside T1 T2 T3
Large Jacket J1 J2 J3
fixed steel Footings F1 F2(a, b)
Concrete  Tank CON 1 CON 2
Pipelines P1 p2 P3 P4
Drill Cuttings Cl C2 | C3 C4
Note:  Only unshaded boxes contain options thatansidered in detail below, for reasons that avergin

the text

Pipelines may be left in situ (P1), recovered ardaved to shore (P2), subjected to
‘remedial action’ (P3), which entails carrying @aditional activities (which might include a
combination of: mechanical trenching, burying wstnd or rock, or removal and recovery of
selected lengths of pipelines) to ensure long-teteygrity of the pipelines (Case Study A,
ENV 02, p.16) or buried (P4). These options are@edicribed in more detail in Section 4.

With regard to drill cuttings, these may be lefsitu (C1), covered (C3, with or without the
lowest part of the footings left in situ, as nosdabve) or removed and treated onshore (C4).
One further possible process for their removagfemred to as ‘excavation’. This entails
subjecting the drill cuttings pile to a low velggihigh volume flow of water which raises it
into suspension. Re-suspended material is disparsethe surrounding water and carried
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from the site with the prevailing current or tidedaredeposited over a much larger area.
Following excavation, the site of the pile may b (C2) or an attempt could be made to
cover the much larger area over which the cuttiryse been deposited. However, this latter
option is not further considered here, becaus®itldvrequire an impracticable volume of
sand and gravel (estimated to be more than 8 milbanes of sand and gravel combined).
Other options for drill cuttings are their re-injien into a well, at the same or a different site.
Some information on the re-injection of cuttingpissented below, but it is not one of the
options analysed in detail in this report, becausas not assessed in relation to Case Study
A and the available data relating to it is therefoot comparable to the data that has been
used for the other options. However, it will beess®ed more generally as an option where
appropriate.

T1,2 and J1,2 are not currently permitted undelQB®AR regulatory framework. They are
therefore at present only theoretical, rather taailable, options for the North Sea and the
rest of the OSPAR area. To avoid misunderstandnegefore, in the rest of this paper the
various decommissioning approaches to be analygkedeacalled ‘scenarios’ rather than
options.

3.3  SPECIFIC ISSUES RELATED TO PIPELINES AND DRILL CUTTINGS

3.3.1 Pipelines

At present the decommissioning of pipelines isregulated by the OSPAR Convention. The
decommissioning of pipelines is considered caseasg based on comparative assessments
of all scenarios.

Important issues when assessing the decommissisoemarios for oil and gas pipelines are
whether the pipeline is presently trenched or cedeand if so, the status of the coverings
and the prospects of the pipelines being uncoverdtke future. This is important as exposed
pipelines (in addition to other objects on the selftan pose a risk to trawling operations. If
recovery of pipelines is desired, for smaller pipesd this can be effected relatively easily by
reeling them in (AURIS 1995, page 5.12). For ldssgilble pipelines, they may be cut and
made buoyant and towed to shore, or cut and ldted a vessel (AURIS 1995, page 5.12).

The material, energy and value assessment of dessmmng pipelines is similar in form

to the assessment of the decommissioning of maintstes. The key difference is that the
in-situ scenario may have significant material dedsa if the pipeline is to be covered with
rocks (scenario P3). A 36" pipeline would needdaered by 0.5 metres of rocks, which
would require a pile 3 metres either side and foeeean estimated 4,000°rof material per
kilometre (AURIS 1995, page 5.14). A further comsation is the relatively dispersed nature
of pipelines, and whether the material, energy\aide benefits of recovering such
dispersed material justifies the material, enemgy ftnancial cost associated with such
recovery. No energy analysis of the decommissioningpelines can be found in the
literature.

3.3.2 Drill Cuttings



Drill cuttings piles are created by solid wasteca&rges onto the seabed during well-drilling
operations. Historically, the drilling muds usedhe drilling process were oil based and
therefore the cuttings have hydrocarbon contanunatis well as often containing traces of
heavy metals, PCBs and radioactive material frogrbod and cap rock.

There are an estimated 1.3 million cubic metresuttings piles in the North Sea as a whole
(Wills 2000, page 59, par 1). Gerrard et al. (1998) estimate that “the total inventory of
hydrocarbons in cuttings piles is similar to thewal input into the North Sea from all
sources”. It is estimated that the oil in the @é&st oil-based mud piles represents 24% of the
total mass of oil in piles in the UK. The cutting&es are highly heterogeneous both in shape
and content.

The fate of cuttings piles is not currently regethtinder OSPAR but is addressed by DTI
guidelines on decommissioning. Research into tieemenissioning of drill cuttings piles
includes a research programme commissioned by UKQUXOOA 2002), which carried

out a number of case studies, the most signifiownthich were around the North West
Hutton, Beryl A and Ekofisk 2/4A structures. Gedat al.(1999) also investigated as a case
study the North West Hutton pile, which, with awmle of 25,225rhand a mass of 42,126
tonnes, is one of the larger piles.

The independent Scientific Review Group (SRG) fer U KOOA (2002) study described its
findings thus: “The results indicate that the presdfects of existing piles are highly
localised, and the spatial extent of the areastteis a small percentage of the total. The
total quantities of hydrocarbons in the piles argssantial (about 150,000 tonnes), but these
are largely immobilised and are only being removexy slowly by erosion, degradation and
leaching (over several or many decades). The fatdaase to the wider environment is
therefore small in relation to the amount of hy@mbons from other sources (e.g. rivers).”
(SRG 2002, p.8)

The key findings of the UKOOA (2002) study in rédaitto water column and food chain
impacts were broadly reassuring, finding that nofnde concentrations of potentially toxic
substances (including PAHs metals, endocrine disrs@nd NORM [Naturally Occurring
Radioactive Material]) appeared likely to resulaimadverse effect on biota. However, the
SRG for the UKOOA (2002) study was not uncritichthee way this part of the study had
been carried out. It considered that “further lartgem and/oin situ experiments will be
required to resolve the [issue of food chain comation] satisfactorily” (SRG 2002, p.9).

There is a potentially problematic interaction betw the decommissioning of footings and
the cuttings piles which surround them:

» If it were decided to remove the cuttings piless thould be technically feasible
whether or not the footings were being removed.

» The footings could be accessed and removed byrenipving the cuttings
immediately around them, thereby avoiding considerdisturbance of the
cuttings.

* It would be possible to cut the footings at theeleaf the cuttings pile, leaving the
residual footing in the cuttings pile, which migittmight not then be covered,
and removing the rest of the footings to shore.
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These issues are considered in more detail ingberdmissioning assessments.

The four main decommissioning scenarios consideyddKOOA (2002) were: dredging of
the cuttings with offshore processing; dredginghef cuttings with onshore processing;
leaving in-situ with monitoring, either with or \kibut covering. The report contained a huge
amount of technical detail, which there is no spagen to summarise here (some is
contained in Ekins et al. 2005), but which hasrimfed the assessment in Section 4 where
relevant.

The favoured technology for dredging is suctiorddieg, for which there is little evidence
of pollution of the water column beyond the ‘immeg@i plume’, and no discernible impact at
a distance of 100m (UKOOA 2002, Final report, Qp420). Offshore processing of the
resulting slurry may be carried out through re-gtifn into an existing well or
bioremediation. Gerraret al. (1999. p.10) found re-injection to have the lowest
environmental impacts of any disposal scenarioglbkhowledged that on a large scale it
might be slow, and suffer from logistical difficids. It might also increase energy use and
atmospheric emissions. There are also doubts aheytracticality of bioremediation on a
large scale (Gerraret al. 1999, p.9). Moreover, this is a very costly scenand requires
nearly 20 times as much energy as the next mosggi@ensive scenario, which is onshore
treatment of the cuttings (UKOOA 2002). Both reettjon and offshore bioremediation
therefore face serious practical constraints apteeent time, and are not considered further
here.

Onshore disposal consists either of the landfilbhgolids with minimal processing, or more
thorough processing to remove the oil and thereeltindfilling or using the material as a
low-grade construction aggregate. Landfilling aofféne cheapest and simplest of the onshore
strategies both in terms of energy and cost, bytiméhe near future be much constrained

by the EU Landfill Directive (UKOOA 2002, Task 7.25). UKOOA (2002, p.57) concluded
that, of the onshore disposal strategies, onlyfiind after thorough processing was
currently considered a viable option for the future

If left in situ, the cuttings piles may be covered (with an ihlager of sand followed by a
gravel filter layer and an outer protective layEaomour stone) to impede leaching of toxic
material in the piles. The industry believes tbibé a low-risk strategy which could be
achieved by developing proven methods of constincind with little or no adverse impact
on the marine environment (UKOOA 2002, Task 5b3f)L If left uncovered, according to
the Independent Research Group (IRG) reviewingcangmenting on the studies of this
scenario undertaken for Case Study A, processeatofal recovery at the pile would be
slow and confined to small areas, so that thegy#a should be considered as being
environmentally damaged for the foreseeable futmnethat there was no reason to regard
this as a significant threat to the wider environm@RG 2004, p.9).
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4 ASSESSING THE DECOMMISSIONING SCENARIOS

4.1 THE REFERENCE SCENARIO

To ensure a sound comparison of the different detissioning scenarios, it is necessary to
compare them with a common reference scenariordfieeence scenario chosen for this
study is the starting point from which any deconsiasing takes place i.e. the structure
(comprising the topside, jacket and footings), |w@s and drill cuttings (see T1, J1, F1,
CON1, P1, C1in Table 3.2) have only had a basiarclup and clearance of the surrounding
area. The structure, pipelines and drill cuttingstiselves are ‘left in situ’, with no further
monitoring or maintenance, and this is how the téeawve in situ’ should be understood in
what follows. All the other scenarios that leaveenial in situ would also require this
material to be monitored (and occasional remedibn), but because of uncertainties as to
what this would entail this has not been estimat@ in detail. The cost should be
considered as part of the residual financial ligbihcurred in ‘leave in situ’ scenarios.

T1 and J1 are currently against the OSPAR conwvertial therefore are not being
contemplated in practice. Their implications haweréfore not been studied in any detail and
they are not further considered here. F1 (withttipside and jacket having been removed to
the regulated extent), although requiring derogatioder OSPAR, clearly is a practicable
option, as are CON1, P1 and C1. They are therefomsidered in some detail below.

4.2 THE FINANCIAL FLOWS

The financial expenditures required to recover pnutess a large steel structure considered
in this paper are based on early estimates of dedssioning expenditures made for Case
Study A. The proportion of the total costs to Headted to the removal (as opposed to the
transport and demolition) of the topside (50%) muket (74%) were taken from the
experience with the (different) Ekofisk structu@ofocoPhillips 1999). This leads to the
estimate, for example, (see Table 4.1) that théasshaisposal of the topside is assumed to
cost 50% (£19m) of the total recovery costs (E3Despite uncertainties it was not possible
to present the numbers as a range, as would havedasirable, and the numbers have been
cited as given in the source. This should not kertdo imply that they are either certain or
precise.

Table 4.1 shows that, compared to the referenaeasice the total costs of recovering and
recycling a large steel structure are estimatdzetf698m. The cost of the shallow disposal of
such a structure would be £42m. The potential g@vitave to be considered with reference
to the value of the recoverable material, as welmy wider benefits derived from recycling
the structure. The financial expenditure involvedacovering a large concrete tank is
estimated to be £310 million at 2003 prices.

The financial expenditures involved in removing ffigelines relating to the large steel
structure of Case Study A are a little over £15mn 26 km of pipelines (there is a total of
9,400 km of pipelines in the North Sea area [DT99,Appendix 11]). The financial
expenditures to manage the drill cuttings undetalge steel structure of Case Study A
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range from zero to leave the cuttings in situ,36r8 to recover, process and landfill the
cuttings onshore. This compares to the JIP estiofaié0m (UKOOA 2002, p.23, question
65), based on a per tonne cost estimate of £18G0drill cuttings pile investigated in Case
Study A was large at 40,000 tonnes and theref@€89m estimate deriving from this case
study would suggest either the use of cheaper rahteghniques, or considerable economies
of scale.

Table 4.1 Summary of Financial Expenditures [£2003nillion]

Decommissioning scenarios
Q) -
< — [ S [%)
ructure 3 3 e~ 3 |o ) o E |[E®
Structure type Component % $ 3 & £ | £ 3 3 |3 2
28 S > S| 8|2 3 o 8 |og
£ ¢ = o 5 | 2|32 o S8 |3 [22_
o2 o > ) o S O — S D =, 5 0=
> = Q (= [ © .S £ c =
58| E S | 5| S|8E| 3 | 85 |¢ |§22
3= B 2 x | @ [@3] O U3 | le&s
Topside £19 £37
(&)
Large fixed steel Jackgt 2 £23 £31
Footings T £0.2 | £30
Total 3 £42 | £98
Concrete Tank o £310
Pipelines Pipelines = £15.2 | £1.8] £2.9
Drill Cuttings ~40,000 t £5° | £10.2 £39

Notes:

! As noted in relation to Table 2.4, the shallow disgl of topsides and jackets is not permitted utfteOSPAR
Convention

2 Shallow disposal of footings is not further consikhere. It is assumed that the footings woultéfién situ in a shallow
disposal decommissioning scenario.

3 The financial expenditure to reprocess the Ekdfiakk was estimated to be 3,400 million 1998 Norard{roner
respectively (ConocoPhillips 1999, p.137). This wasverted into 1998 sterling (@12.50, Norges Bamig then by use of
a UK GDP 1998Q1 — 2003Q1 deflator factor of 1149%I8)the value of 1998 Kroner can be given in teof2003
sterling. This yields an overall conversion faat62003£0.0912 per 1998Kr.

4 The financial expenditures for the ‘excavate amarée drill cuttings scenario is based on a ship g of £38,000 + the
cost of aggregates.

4.3 THE MATERIAL AND ENERGY FLOWS

The flow and endpoints of the materials being deo@sioned determine the:

1. Overall cost of the decommissioning process;

2. Input materials and energy (and associated emissiand the values of these,
required in the decommissioning process; and

3. Material processing requirements, and thereforednesponding energy, emission
and value implications of the onshore processes.

The rates of material recovery are derived fromstinely of Ekofisk (Case Study B). This
comprises 13 smaller production platforms whiclndbhave fixed footings like the large
steel platforms which are the main focus of analygre. However, the materials in the
footings of large steel structures are of similamposition to those found in the jacket.
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Therefore the rates of material recovery (for eaetal type) found for the jackets of Case
Study B have been applied to both the jacket aadabtings of large steel structures.

The decommissioning of the Ekofisk series of plaii® achieved 100% recovery of steel,
aluminium, copper and ballast (aggregates). Ov8E&lb of both plastics and concrete was
also recovered. Of electrical materials (such astetal articles, instruments, cables and
telecom equipment) in the topside, only 10% wasvered. No asbestos or marine growth
were recovered. In total, 92% of the total matdtal was recovered (ConocoPhillips 1999,
various tables).

These rates of recovery were then applied for itherdnt materials involved in Case Study
A, for the two main decommissioning scenarios, lesiavsitu and Recovery. In the former
case, the material that would have been recovasddibe replaced from other sources. Of
the structure of Case Study A 42,500 tonnes (94%heel, which can be recycled if the
structure is returned to shore. In contrast, if48@00 tonnes of cuttings are returned to
shore, they all need to be landfilled. Ekins e{2005) gives the various estimates, from
various sources including IP 2000, of energy ant®ion factors, and the market values of
energy and materials, which have been used indtaled assessment below. A report by
Environment and Technology Ltd. (ERT 1997) usindi¢fares estimated that the total
energy required for the decommissioning scenambg differed by 14% between them
(ERT 1997, p.10).

To facilitate the comparison between the scenafiable 4.2 sets out a symbolic scheme for
the relative energy use and emissions (P), anchtbeof materials recovery, for the different
decommissioning scenarios (compared to the refersoenario). For relative energy use and
emissions, a proportion P greater than 167% ofdference scenario scores - - -, and a P
less than 33% scores + + +, with different scondsetween as set out in the table. For the
rate of materials recovery (RR), this is the prdiporof the structure as currently standing
which is usefully recovered (i.e. recycled), rattiem left in situ or landfilled. A rate of
recovery (RR) of more than 85% scores + + +, whiile of less than 0.5% scores - - -, with
different scores in between as set out in the table

Table 4.2: Symbolic Scheme for Relative Energy Usasd Emissions, and the Rate of
Materials Recovery, for the Decommissioning Scenars

Assessment of the proportion of energy use andsémnis in a scenario (P), compared to tie

reference scenario where:
. P>167%
Relative energy use (TER) - 13496< < 166%
101%<P<133%
P =100% =
67%<P<99% +
34%< P<66% ++
P<33% +++
Assessment of the rate of recovery (RR) of matefiaim the structure as currently standing
Rate of recovery of (i.e. including any marine growth etc.) where:
materials from present RR> 85% +++
structure 75%< RR< 85% ++
51%< RR< 74% +
RR =50% =

14



25%< RR<49%
0.5%< RR< 24%
RR<0.5%

4.4 ASSESSMENT SCHEME FOR NON-FINANCIAL OUTCOMES

As noted in Section 2, there are a number of ouésoitom the decommissioning process
which are not fully captured by the flow of matésiand energy, and the corresponding
financial flows. This section defines and explaims methods used to assess each of these
non-financial outcomes in turn, and describes Hwvoutcome is assessed in relation to the
different decommissioning scenarios. Again, whetevant a symbolic scoring system as
been used, ranging from +++ for a very positiveactgo - - - for a very negative impact.

4.4.1 Clear seabed

There may be value in achieving a clear seabedhwgoes beyond the financial
implications or the use value of a cleared seabled.value arises from a desire for a marine
environment unmarked by industrial activities, altgh the achievement of this desire is
problematic because the marine environment has dféerted for many years by industrial
activities apart from oil and gas extraction, imthg shipping, marine aggregates extraction,
trawling and onshore discharges of chemicals. ff@ans that even if the seabed were to
cleared of materials relating to the operationthefoffshore oil and gas industry, it would
still be very far from being in a condition thatswanaffected by human activities.

The assessment identifies three possible statthe aleabed following decommissioning:
1. Clear of all oil-and-gas related material Clear
2. Any oil-and-gas related material is out of sighd @amaccessible  Covered
3. Oil-and-gas related material is exposed in the meagnvironment Not clear

The reference scenario (T1, J1, F1, P1, C1) oblyalees not leave a clear seabed. The
shallow disposal of any part of the structure (J2),also does not leave a clear seabed. The
removal of the structure to shore (T3, J3, F2ad)ld/leave a clear seabed as far as the
structure was concerned. For the pipelines anthgstta clear seabed would only be
achieved by their removal to shore (P2, C2). Timeese true for a concrete structure
(CON2). Clearing the seabed of structures, pipslared drill cuttings would require

financial expenditures and might give rise to emwimental impacts, such as extra energy use
and air emissions, disruption to the seabed, rehafsructures that were providing habitats
to organisms (such as cold-water coral), or opeamtp trawling areas currently protected
by exclusion zones. These issues are relevanetddsirability of a ‘clear seabed’, although
their relative importance will differ for differestakeholders. A ‘clear seabed’ assessment
for a scenario does not therefore necessarily irttyadythe scenario has delivered net
environmental benefits.

4.4.2 Health and safety
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The decommissioning of offshore structures posgsfgant health and safety challenges,
even for an industry accustomed to managing higfkeffshore operations. Estimates are
made on the statistical probability of serious &atdl accidents occurring during the
decommissioning process. For example, the Ekoffgknining process estimated that the
Potential Loss of Life (PLL) of decommissioning tteucture (all 13 jackets and the tank)
was 8% (i.e. there was an 8% probability of a fatadident) for the largely in-situ option,
and 29% for the total removal decommissioning ap{i@onocoPhillips 1999, p.19).

The standard approach to industrial risk managenasrget out for example in reports from
the Health and Safety Executive (e.g. HSE 2001)farider explored in relation to the oil
and gas sector in UKOOA (1999), is tolerant ofélposure of workers to low-level risks
over long periods. Such risks tend to be considanedrmal outcome of industrial activity.
Far greater efforts are taken to avoid high-lesiegrt-term risks. It is for this reason that the
assessment of this issue here has put an emplmatsie two relatively high-risk activities
associated with decommissioning scenarios that teeeturn structures and associated
materials to shore, which have been assessedasdol

» Raising of large structures --

» Divers cutting at depth ---

4.4.3 Jobs in the UK

Clearly the more expensive scenarios would promadee direct employment. Some of this
employment could be in the UK, and, if it were neas currently affected by unemployment,
it could make a significant impact on economic aadial conditions in those areas.

However, the assessment of the total net impagilmnin the UK is complex. The key issues
involved are the degree to which the decommissgnoontracts would be captured by UK
companies; the degree to which the material praogswould be carried out in the UK; and
the degree to which any monegt spent on decommissioning would stimulate economic
activity and therefore jobs elsewhere in the econom

An overall assessment of the proportion of emplaytneaptured within Norway by the
decommissioning of the entire Ekofisk field (ConBbdlips 1999) estimated that Norway
would capture between 36% and 52% of expenditua# dtructures were returned to shore
and recycled. In broad terms, the UK and Norwaycaraparable in respect of this issue, as
they are an approximately equal distance from nadnlye structures and have a similar-
sized oil and gas infrastructure. However, suckstrmate does not represent the more
complex assessment of issues related to the necinop employment as outlined above,
which have not been assessed here.

4.4.4  Impacts on the marine environment

Following clean-up, the mere presence of a stredtuthe sea should not cause significant
negative impacts on the marine environment.
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Operations to recover or monitor offshore strudwé have some impacts on the marine
environment, though impacts from monitoring areljkto be very small and are not
considered further. Other pollution impacts areesssd according to the following scheme.

* Involves additional minor or short-term impacts
or disruption of the marine environment -
(examples are concentrations of marine vesselsriartthorage and
working, and impacts from covering or suction d@jied cuttings piles)

* Involves continued sterility of seabed occupiedbitings piles, or
localised disruption of ecosystems, larger fismarine mammals but
not major or long-term physical damage --
(examples include leaving uncovered cuttings priestu, and any
significant underwater activity or disruption bktseabed or loss of
corals on decommissioned structures)

* Involves significant impacts on large marine orgams or ecosystems,
in extent or duration ---
(examples include extensive disruption of cuttipdgss or the use of
explosives underwater)

In respect of the reference scenario, in the noomaise of events, and with the exception of
the drill cuttings piles, the impacts on the maemeironment of leaving material offshore

will be small. The cuttings piles would render teéevant area of the seabed sterile for many
centuries, but would very gradually biodegrade, smue material would leach out into the
environment. The overall impact of this is assessedhedium (‘- -*).

All the other decommissioning scenarios (for thiecttire and pipelines) cause a greater
impact on the marine environment than the refereneearios, because:

» The shallow disposal of the topside (T2) and ja¢&®} would disturb the cuttings
pile. Their removal would give rise to localisedtdrbances to the environment and
the loss of corals on the decommissioned struc(tves.

» The removal of the footings with the cuttings itugiF2a) could scatter up to 100% of
the cuttings over a wide area, with an impact &sskas ‘- - -‘. The impacts would be
less, and the same as for the jacket (*- -'), & tlttings were removed with the
footings (F2b).

» For the pipelines all the non-reference scenaneslve some damage to the marine
environment, but it is localised and not long térm®).

For the drill cuttings, covering them (C3) woulccearage the re-establishment of a healthy
seabed community, with only short-term environmedisturbance, and is therefore assessed
as ‘-, or positive (‘+’) compared to the referersmenario. Removing the cuttings (C4) with

a suction dredge would also only cause short-terpacts, and is also assessed as ‘-, or
positive (‘+) compared to the reference scendftee excavation scenario (C2) involves
significant environmental damage, possibly resgltma surface oil slick, with an impact on
seabirds and sea mammals, and the smothering tifib@nganisms over a wide area. To
reflect this, C2 is assessed as ‘- - -, or ‘-){<compared to the reference scenario.
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4.4.5 Conservation of stocks of non-renewable resources

With typically 90% by large steel structures cotisg of steel, much of them could be
recycled if returned to shore. Any of this mateléd in situ (and therefore not recovered)
would have to be replaced by the extraction andgssing of raw material; in the case of
steel this is mostly iron ore and coal. Iron is ohéhe commonest metals in the Earth’s
crust. Of far more potential concern in respecusitainable development is the availability,
price and carbon content of the energy that isirequo extract and process it.

The loss of non-renewable resources in a decomnissgj scenario may be expressed in
terms of a ‘resource stock ratio’ (RSR) of the {uganaterial recovered in a scenario, less
the mass of fuel required to recover it, to theahmass of material:

_ Useful material recovered — (mass of input fuelingecovery)
RSR - Starting mass of material

The RSR would therefore be 100% if all the matdy&hg considered in a scenario were to
be recovered without the need for any fuel use.

Assessment of the resource stock ratio (RSR) ebavered useful material, less the input
fuel use, as a percentage of the total materidarstructure where:

RSR > 6/% +++ 66% RSR=34% ++ 33% RSRz 1% +
RSR = 0% =
-1%= RSR= -33% - -34%= RSR= -66% - - -67%2 RSR ---

(The negative percentages will apply to those stenée.g. return of drill cuttings to shore
for landfilling) which use a mass of input fuel whiis greater than the mass of useful
material they recover.)

4.4.6  Impacts of resource extraction

The environmental impact associated with the etra®f material resources varies
depending on the material and the method of extracAn important indicator of
environmental impact is the extraction multiplidre total amount of material which has to
be moved to extract a tonne of material). For atimm the EM is 3 tonnes per tonne (t/t);
for copper it is 450 t/t (Ayres & Ayres 2002, Taldlé, p.13).

Assessment of the impacts of resource extractiirbeiithrough the extraction multiplier
(EM), the ratio of the mass of the total materiaved to the mass of the end product
extracted:

EM > 1.67 --- 1.66EM=1.34 -- 133> EM=1.01 -
EM = 10 =
0.992 EM = 0.67 + 0.6e2EM= 34 ++ 034 EM +++

4.4.7  Impacts of landfill
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The two different types of impacts from landfillimgaste are the direct social and
environmental impacts and the loss of void spatécinis in some ways equivalent to the
loss of non-renewable resources. The key envirotehanpacts from landfill sites are
leaching, landfill gas (from biodegradable mattitalegrades) and the impact of lorry
movements. In this study, the non-financial outcamkandfilling is taken to be influenced
by three factors: the amount of waste to be laledfiiwhether the waste arising is
biodegradable or inert; and whether some partefiaste is classed as hazardous.

The Landfill Impact Factor in the box below take®iaccount in an additive way the loss to
society of void space and of landfilled materidlfls), and the environmental impacts of
biodegradable and hazardous wasteg, (Ml). It may be noted that this equation implies
that tonne for tonne, the loss of void and resajro®degradability and whether the waste
stream is hazardous are weighted equally. Thibvsasly a fairly crude assumption about
the relative social disbenefits arising from thdggerent impacts of landfill. It would be
possible to change this assumption in sensitiviglysis if it seemed likely that landfill
impacts of a particular kind were of importancaiparticular decommissioning scenario.

Landfill impact factor (LIF) = X [Mt + Mg + My]
Where: M = Total mass of waste being landfilled in tonnkls;= Mass of biodegradable waste being landfilled;
My = Mass of hazardous waste being landfilled

The assessment according to the landfill impadbfas as follows:
EM > 1.67 --- 1.66EM>1.34 -- 1.33%>EM=>1.01 -
100 < LIF < 1000 - 1008 LIF <5000 -- LIF= 5000 ---

The total landfill impact of removing the structwed pipelines to shore is relatively small,
with 2,173 tonnes of material landfilled in all,ttvia total Landfill Impact Factor (LIF) of
3,439. For drill cuttings it is a very differentsg. The nearly 40,000 tonnes of cuttings has
an LIF of more than 115,000, considerably more thatwhich the 80,000 tonnes of
concrete would have if it were to be brought ashore

4.4.8 Impacts on the fishing industry

The trawling industry in the North Sea would pred#ithe materials from the oil and gas
industry to be removed by decommissioning, leadmdear seabed. For this assessment, it
seems important to include two impacts on the eaWs$hing industry: the risk of snagging
and the desire of fishermen for the return of aqurexclusion zones to fishing use. The
assessment scheme that has been used is:

* The risk of snagging:
o For the inconvenience of loss of gear
(with the potential to be compensated by the ingst -
o For the risk to crew -
» The return of fishing grounds after the removal (or makinge$af
of the structure or cuttings pile (relative to teéerence scenario) +

Although it may appear that this assessment isnguétqual weighting on the incidence of
loss of fishing gear and loss of life, this is tie¢ case as by no means would all incidents of
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loss of fishing gear through snagging lead to tiss bf life. Risks are calculated by the
multiplication of the consequence of a particuigk event occurring by the probability of
that consequence actually occurring. The probglwlithe loss of life from a snagging
incident is very low compared to the probabilityads of fishing gear.

4.4.9 Impacts on fish stocks and other marine life

INSERTED PARA.There is some evidence that at ptesiéand gas structures act as
refuges for fish and habitat for cold-water cofdlis effect would obviously cease if the
structure were to be removed and fishing in tha arere to be resumed (there is currently a
500m radius fishing exclusion zone around strusfutdowever, if left in-situ, the footings
could pose a hazard to trawler fishing, and thisld/@robably prevent extensive trawling
activities around the in situ footings. In the aixseof the footings the cuttings piles are more
likely to be disturbed by trawler fishing activsieThe implications of disturbing the cuttings
piles would be the potential release of oil-basaatamination into the marine environment.
These issues are assessed in more detail in Bkiths1995.

The benefits to fish stocks from the decommissigrsicenarios which leave various
materials in situ have been assessed as follows:

* Non-trawler area with little enclosed space +
* In-situ footings or shallow deposit of topside + +
» Jacket left in the marine environment +++

4.5 SUMMARY OF THE ASSESSMENT SCHEME FOR NON-FINANCIAL OUTCOMES

Table 4.3 summarises the various symbols which tiigeassessments of the material and

energy flows, and other non-financial outcomes ciiiiave been explained above. It must
be stressed that in any overall assessment otdrasos, there can be no addition of the +
and - signs across the different issues, becaeyeatle incommensurable.

Table 4.3: Summary of Proposed Assessment Scheme fon-Financial Outcomes

Non-financial outcome Proposed assessment Assessment score
Proportion of energy use and emissions in a saeiR}i compared to the reference scenafio
where:

. P>167%

Relative energy use (TER) 13496< P< 166%
101%<P<133% -

P =100% =
67%<P<99% +
34%< P<66% ++
P<33% +++
Rate of recovery (RR) of materials from the stroetas currently standing where:

Rate of recovery of

materials from present RR = 85% e

Sructure 75%< RR< 85% ++
51%<RR<74% +
RR =50% =
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25%< RR<49%
0.5%< RR< 24%
RR<0.5%

Seabed clear of all oil-and-gas related material eacCl
A clear seabed Any oil-and-gas related material is out of site armatcessible Covered
Oil-and-gas related material is exposed in the meagnvironment Not clear
Raising of large structures --
Health and safety Divers cutting at depth ---
Jobsin the UK No assessment in the summary outcomes matrices
. Additional minor or short-term impacts -
Impacts on the marine . ) .
; Localised disruption of ecosystems or componentharh --
environment S .
Significant impacts on ecosystems or componentisesf ---
Where RSR is relative loss of non-renewable ressurc
RSR> 67% ++ +
66%> RSR= 34% ++
Conservation of stocks of 33%> RSR= 1% +

non-renewable resources

RSR = 0%

-1%=> RSR= -33%
-34%2= RSR= -66%
-67%= RSR

I mpacts of resource
extraction

Impacts of resource extraction; extraction mulép(EM) is the ratio of the mass of the tot

material moved to the mass of the end product ebeida
EM >1.67

1.66>EM=1.34

1.33>EM=1.01

EM=1.0

0.99= EM = 0.67

0.66= EM = 34

0.34= EM

il

I mpact of landfill

Where Landfill impact factor (LIF) £ [M1 + Mg + My]:
100 < LIF < 1000

1000< LIF <5000

LIF = 5000

I mpacts on the fishing
industry

Risk of loss of gear
Risk to crew
Return of fishing grounds

I mpacts on fish stocks
(and other marine life).

Non-trawler area with little enclosed space
In-situ footings or shallow deposit of topside
Jacket left in the marine environment

++
+++
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5 OUTCOMES FROM THE ASSESSMENT

The Annex (Section 8) summarises the outcomeseadiififerent decommissioning scenarios
in terms of their material flows, energy flows,dimcial expenditures and non-financial
issues. The next section compares these scenadosglang to the assessment scheme
described in Section 4. Table 5.1 gives an overdtthis assessment. Were a scenario to be
adopted by society, then the additional expenditeiiaive to the reference scenario (the net
cost in Table 5.1) would give amplicit valuation of the net non-financial benefits yielded
by that scenario. This is discussed below for ed¢he decommissioning outcomes.

These results derive from a few case studies (edjyeCase Study A), and there is little
other detailed information about North Sea decominigng in the public domain. However,
Ekins et al. 2005 shows that there is no reasothfoking that, to a first approximation at
least, these case studies do not present a redsquatt of departure for the broad
comparison of outcomes that has been carried autnterpretation of the results should
bear the limited evidence base in mind.
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Table 5.1:  Overview of Non-financial Outcomes fronDecommissioning Scenarios and Associated Net Expetwles (cost),
Compared with Reference Scenario

Scenario | TER | CO2| NOx| S0O2 Clear | Residual| Health | Marine Stock of | Resource | Land | Fishing Fish Net cost, £m
seabed| financial & impacts | resourceg extraction | -fill industry | stocks (50% UK
liability | safety taxpayer)
T2 . o I Not clear | Yes = - - - = -- ++ 18.6 (9.3)
T3 - - - | - Clear No = -- +++ +++ - + = 30.4 (15.2)
32 . . --- | -- | Notclear| Yes - - - - = - - = 23.0 (11.5)
J3 + - --- | -- | Clear No -- -- ++ +++ -- + --- 27.7 (13.8)
F2a + - --- | -- | Notclear| Yes --- --- +++ +++ -- ++ - - 26.5 (13.3)
F2b + - --- | -- |Clear No --- - - +++ +++ - - ++ - - 26.5 (13.3)
T2,J2,F1 | - - I Not clear | Yes -- -- - - = - - ++ 41.6 (20.8)
T3,J3F2 | + - - - Clear No --- --- +++ +++ -- + --- 84.6 (42.3)
CON?2 e | oo | -2 | --_| Clear No -- - - +++ +++ --- |+ --- 286.7
(143.4)
P2 - - —-- | --_]Clear No = -- ++ +++ - ++ = 19.9 (10.0)
P3 - . I Not clear | Yes = - - - = ++ 1.0 (0.5)
P4 . . --- | -- [ Covered | Yes = - - - = ++ = 25 (12.5)
C2 - | —-- | -2 | --- ] Notclear| Yes = --(-) - -(--¥ = = = 5.1 (2.6)
C3 —-- | -] -] --_]Covered | Yes = - - + = + + 10.3 (5.1)
C4 e | oo | 22| --- ] Clear No = -- - +# --- |+ + 38.8 (19.4)

! Also includes some other aspects of marine biggitle > Compared with the C1 impact of ‘- -*
Key to Scenarios

All 1 scenarios are reference scenarios Leavdun si

T: Topside T2 Removal and shallow disposal, T3  Re#und reprocess on shore (applicable to all stras}

J: Jacket J2 Removal and shallow disposal J3 Rahameprocess on shore (applicable to large stesitures)

F: Footings F2a Remove with cuttings left in situ 2bF Remove with cuttings taken to shore (applictdlarge steel structures)
CON: Mostly concrete structure CON2 Return andaepss onshore (applicable to concrete structures)
P: Pipelines P2  Remove and reprocess onshore P3 ve ireaitu with remedial action P4 Trench and bury

C: Drill cuttings C2  Excavate and leave C3 Covat ave C4 Remove and treat onshore
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5.1 OVERVIEW OF DECOMMISSIONING ASSESSMENTS AND IMPLICIT VALUATIONS

5.1.1 Total energy requirement (TER)

Taking account of the energy needed to replaceriakstéeft in situ makes a difference. Indeed, it
is decisive in terms of net energy use for botard® F2, which remove the jacket and footings
respectively to shore and which use less energytti@reference scenario (because of not having
to replace from virgin sources the metals recovéad offshore).

5.1.2 Air emissions

Air emissions from all the scenarios are worse thahe reference case. This is because offshore
diesel use is emission-intensive (especially of NGa that even those scenarios (J3, F2) which
use less energy than the reference, produce massiens.

5.1.3 Clear seabed and resource conservation

There is a clear correlation between the scengraigproduce a clear seabed and those that
produce positive results in terms of conservatibthe stock of non-renewable resources and
resource extraction. This is not surprising, ashmfche material removed to shore is recyclable
metals. The exception is C4, because the drillrgggtcontain very little useful material for
recycling (the data was not available to the ptdje@ssess the possibility of converting the drill
cuttings into an inert construction material). ®@a bther hand, the scenarios that produce a clear
seabed also tend to be associated with negativeoamental impacts from landfilling, which can
be considerable (especially CON2 and C4, as ealjat

5.1.4 Impact on the marine environment

Compared to the reference, and with the excepfidineodrill cuttings, all the scenarios have a
negative impact on the marine environment, and sotne (F2a, C2) this is pronounced. This is
because most of the structural material and thelipgs are inert. Leaving it in situ therefore has
few implications for the marine environment. Renmayit to shore, however, involves extensive
industrial activities offshore that can cause emvinental disturbance, though in most cases these
are only of medium or small scale and are shoedivl he drill cuttings piles are different,

because of their long-term ecological sterility atalv leakage of contaminants (with the potential
for faster leakage if disturbed) if left in situagvered (C1). Both covering (C3) and removal (C4)
are assessed as being relatively positive (compart reference scenario) for the marine
environment. Excavation (C2) is worse, and is jikel be unacceptable on environmental grounds
alone.

5.1.5 UK Employment

No conclusions have been drawn about whether tbenamissioning scenarios will provide net
employment in the UK. This is not because theanisdoubt as to whether decommissioning will
employ people in itself. Obviously any major pragrae of expenditure will directly generate
jobs. One issue is that, with an internationahagtiike decommissioning, there is no knowing in
advance what proportion of these jobs will be im thK. The other issue is that the net
employment effect of decommissioning will depend exay on the number jobs it directly
generates, but the comparison of that number Wwe&mtmber of jobs that would be created by the
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likely alternative use of decommissioning expen@isuin both the private and public sectors, if
some decommissioning expenditures represent foeegonpayments), if decommissioning were
not to be carried out. There is no way of knowirttatthis alternative use of the money might be,
nor, in the case of private expenditures, whethey tvould be spent in the UK. Speculation on
these matters has been avoided.

5.1.6 Costly scenarios

Easily the most expensive scenario is CON2, themdb shore of a large, mainly concrete
structure. The resources reclaimed are overwhelgnoancrete and ballast, which are not scarce
non-renewable resources, although the impacts iassdavith their extraction can be
considerable. This provides the first opportundydn implicit valuation of a decommissioning
outcome. The net environmental benefits of thisiade are a clear seabed, the reclamation of
nearly 1mt of materials (920 kt of which were aggtes) and the avoidance of the environmental
costs of their extraction, net of the extra air €m@ns, impacts on the marine environment and fish
stocks, and significant extra landfilling involvatfhile valuations of these environmental impacts
may vary between stakeholder groups, it is by namae&ertain that the net environmental benefits
are positive. Other non-financial impacts are alsbemefit to the fishing industry and a worse
outcome on health and safety. If society were twsk CONZ2, it would be equivalent to saying
that overall it considered these net benefits tavbeh £287m in total, and £143m in terms of
public expenditure.

The next most expensive single scenario is C4rghugn of cuttings to shore. This would deliver a
clear seabed, with the re-establishment of an stesy in place of the largely sterile and
contaminated drill cuttings pile. There would atsoa small benefit to fish stocks in terms of the
removal of a possible source of toxic contaminatidmere would also be a benefit to the fishing
industry in opening up new grounds to trawling ézelopment which would certainly remove the
direct benefit of this scenario to fish stocks)e®@nvironmental costs of this scenario, compared
to the reference scenario, are substantial: lazgle £nergy use and air emissions, and maximum
negative scores in terms of landfill and resousdeaetion. Some stakeholders may feel that the
achievement of a clear and regenerating seabedrth Wwoth these environmental impacts and the
nearly £40m it would cost in the case of this outings pile. Clearing the UKCS of cuttings piles
would be likely to cost nearer £2bn (detailed clatan in Ekins et al. 2005). Others might feel
that the seabed gain is outweighed by the otheramental and the financial costs, that the
money, including the roughly 50% of expendituret thauld come from the UK taxpayer, could
be better spent.

5.1.7 Cowvering pipelines

The benefits of covering pipelines (P4) go entitelyhe fishing industry, there are a number of
negative environmental impacts and it is relativatpensive. P2 is slightly worse in terms of SO2
emissions and landfill, but has clear advantagésrins of resource extraction and the stock of
non-renewable resources, achieves a clear seatad 2006 cheaper. P2 on this assessment
therefore seems superior to P4 both environmendaltl/financially (though it should be
remembered that the Case Study A structure to whagbplies may not be representative of
pipelines around other structures, which may bdlsma diameter and therefore less costly to
cover).
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5.1.8 Decommissioning the structure

A final set of comparisons can be made in respiitteocomponents of the large steel structures,
between those scenarios which envisage their renmeaore (T3, J3, F2a,b) and those that do
not (the reference scenarios T1, J1, F1 and tHeghdisposal scenarios, T2, J2). The pattern of
relative benefits between these scenarios is glése. Those that involve removal to shore
achieve a clear seabed, conserve the stock ofresoand reduce the resource extraction to
produce from virgin sources the material that heenlrecovered. They also benefit the fishing
industry. For the jacket and footings the remoeahsirios (J3, F2a,b) also conserve energy,
although they have more emissions, because ofigiherélative emission intensity of offshore
diesel use. On the negative side, their healthsafety implications, and their impacts on the
marine environment and in terms of landfill are seothan the in-situ scenarios, which also benefit
fish (except for T3) rather than the fishing indust

The removal scenarios are, not surprisingly, mapepsive, by £20-30m compared to the
reference scenarios, but by much less (only £4 &nvden J2 and J3) compared with shallow
disposal. Moreover, all the in-situ scenarios ineatome degree of monitoring, which, as noted
above, is a cost and has a small environmentaldhwgaich have not been included in the
assessment. A financial (though unquantified) beonétll the clear seabed scenarios, as far as the
industry is concerned, is that they extinguish masydual financial liability. It may well be thdie
industry would be prepared to pay its share (omagearound half) of the cost of the removal
scenarios in order to be free of any future ligyilWWhether this consideration counts as much for
the UK taxpayer, who may prefer to live with theblility while it is not proving problematic, and

put the taxation revenues to another use, is anothter.

5.1.9 Deciding on Drill Cuttings Piles

As noted earlier, it is only in respect of the ldzilttings piles that the reference scenario (Cay m
result in a significant negative effect on the marenvironment. Excavation (C2) will have an
even greater negative effect on the marine envigsrirand is not likely to be seriously considered
on these grounds alone. Both C3 (covering) and vah{€4) have been assessed as having a
positive effect on the marine environment compavegd C1. The major environmental impact
associated with C3 is the very large quantity afragates (166,000t) that is required. This
produces a large negative impact in terms of resoextraction. It may also be noted that this
material is not included in the definition of thresource stock ratio’ (RSR, see Section 3.4.5),
according to which the entry under ‘Stock of resest in the summary outcome matrices is
calculated. Had it been so, then C3 would haveestar- - -* in this category as well. The small
benefit of C3 to fish stocks would, as with C4 dwaftly removed by the fact that it would open
up the area to the fishing industry. C3 has cleairenmental benefits over, for example, C2,
because the cuttings are covered rather than ebech(ldown away). Its marine environmental
benefits are comparable to that of C4 (removal)sés less fuel and has no landfill implications,
but requires far more aggregates; it is also leas & third of the cost of C4. The implicit
valuations in relation to the drill cuttings scanamay therefore be summarised as follows:
C1: this would place a value of less than £10mhemiet C3 environmental benefits, and less
than £39m on the net C4 environmental benefits
C3:  this would imply that the C3 seabed benefiter(pared to C1) less the negative impacts of
the extra fuel use and aggregates extraction werthwat least £10m
C4:  this would imply that the C4 seabed benefiter(pared to C1) less the negative impacts of
the extra fuel use and landfill were worth at |e£89m
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The independent Scientific Review Group (SRG) efttKOOA JIP advocated a case-by-case
approach for each drill cuttings pile: “We suppite conclusion that the most suitable options are
removal, covering, and leaving in place to allowunal degradation, and that the balance of
advantage between these will depend on the spebtifiacteristics and the environment of
individual cuttings piles.” (SRG 2002, p.4)

6 CONCLUSIONS

6.1 CONCLUSIONS FROM THE ASSESSMENT

There are many differences in preferences, prsrind perceptions related to decommissioning,
which is one of the reasons why any attempt to giigue money values to the different impacts
and outcomes is likely to be unsatisfactory, ang thiere is unlikely to be a full social consensus
on the ‘best’ decommissioning scenario.

Watson (2004) has expressed the opinion that trerat least seven different kinds of
consideration which will influence the attitudedecommissioning of different stakeholders:
technical feasibility, safety, cost, environmenapacts, the regulatory framework, reputation and
the political environment.

As noted in Section 2, Greenpeace, which is céytéie environmental group that has exerted
most influence on the UK decommissioning debateandecommissioning policy tends to stress
the need to reinforce the international trend agjadamping and the need for the industry to take
responsibility for its products (Greenpeace 2004)onsiders that full removal of all materials to
shore is technically feasible, and that risks tespenel in the activities involved can be mitigated
This contrasts with those in the industry who cdesthat the limited decommissioning
experience to date has shown that significant teahdifficulties remain (Watson 2001, p.28)
and, of course, dangerous activities remain patytilangerous whatever risk mitigation
measures are taken, and accidents happen. In saydraving risks down to very low levels, in a
context of considerable technical uncertainty mfirst place, is bound to increase costs, perhaps
very substantially, above the already uncertaimases that have been quoted here.

These costs will, as noted extensively above, beeshbetween the industry and the UK taxpayer
(due to foregone tax revenues). The industry elyiko be concerned about these costs, but this
will not be the only consideration, and it mightlWee prepared to pay its (half) share of the costs
of the removal scenarios, in order to remove argstjan of future liability, to protect its

reputation and not to be seen to challenge thecuregulatory framework. The Government (and
taxpayer) may have a different view as to whethiris the best use of public money.

The environmental outcomes from the various deca@simming scenarios are mixed. No scenario
can be said to be definitively superior from anissnvmental point of view. The total removal
scenarios can only be justified environmentallg ielatively high value (though differing for
different scenarios) is put on a clear seabed,fliene the fishing industry, the conservation loé t
stock of resources and the impacts of resourcaain (although the last two considerations do
not apply to drill cuttings), and a relatively loxalue is put on fish (for all the scenarios), egyerg
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use and air emissions (for the concrete structudedaill cuttings), impacts on the marine
environment (for all the removal scenarios excejtit@ittings) and landfill (especially for the

drill cuttings). It is not clear that this would bee relative valuation accorded to these issuberei
by the range of environmental groups concernedtaheumarine environment, or by society more
widely. It is also not clear what action mightrbest in line with the precautionary principle,
which Greenpeace has said needs to be taken icooi@ic Avoiding the negative environmental
impacts from the removal scenarios may be as irapbm this regard as achieving a clear seabed
and recycling metals none of which can be regaeadestarce.

The evidence presented above suggests the folldwad conclusions

Topsides, Jackets and Footings of large steel tiras

For the topside, all parties seem agreed that rahtoshore (T3) is the only scenario worthy of
serious consideration, and the assessment shaw® thave fewer environmental trade-offs than
some other removal scenarios. It still involvesengiture of some £30m (£15m from the
taxpayer) for a single large steel structure, £h2one than the shallow disposal scenario (T2). For
the jacket, the same arguments seem to apply, ette@he difference in cost between the
removal (J3) and shallow disposal (J2) scenarisgysficantly less.

As has been noted, both the reference (T1, J1¥laaitbw disposal (T2, J2) scenarios are illegal
under the current DTI regulations deriving from @8PAR 1998 DecisioThis assessment
shows the implementation of these regulations ttab&om cheap, for the industry or the UK
taxpayer, but, although mixed environmentally, ibxgulations are at least not obviously counter-
productive, and they implement the desire artieuldty Greenpeace (which may well have
support more widely among the UK and European pubiiat industry should clean up after itself
and take responsibility for its products.

The footings are a different matter, largely beeanfstheir difficulty of removal, causing both
environmental impacts and safety concerns, thedoohwhich are complicated by the footings’
interaction with drill cuttings. The major impadtleaving them in situ is on the fishing industry.

Large concrete structures

Unlike the large steel structure, there are stemggiments, environmental and financial, for not
removing large concrete structures to shore (CO&t#},few environmental arguments for doing
so. The taxpayer expenditure alone on this sce@ti4é3m) would not seem to be justified by the
benefits that would resdlt

Drill cuttings piles

The situation with drill cuttings is the most complof the components of decommissioning
studied, as has been clearly shown by the assesameimplicit valuation above. Excavation

(C2) may be rejected on environmental groundspbtht the removal (C4) and covering (C3)
scenarios also have significant environmental irtgpattheir own, and require substantial
expenditures from both the industry and the taxpaya the basis of the information and
technologies currently available, this study sutgydsat a very high value would have to be put on
a clear seabed, and a low value on the negativieoemvental impacts of the alternatives, for the

® This was the view also taken by the Norwegiani@aent in 2002, when it approved the ConocoPhiltilag for
decommissioning Ekofisk, involving the in-situ disal of the large Ekofisk tank, which was the sctbgd the
financial calculations above. The plan also entai#sremoval of the 14 steel topsides of the Ekafamplex
(including that of the tank), and the leaving itusif the buried pipelines and drill cuttings (CoaPhillips 2002)
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preferred scenario not to be leaving the cuttingslace, with a monitoring programme to keep
their condition and any pollution from them undeview.

Pipelines

For pipelines the situation is similar to that footings. Recovering them (P2) clears the seabed,
conserves resources and reduces the impacts ofrcesextraction, but with some environmental
impacts, and at a cost of £20m (a figure which Elahal. 2005 shows to be specific to Case Study
A and which therefore may not be representativieg main beneficiaries of this expenditure, as
with clearing footings, would be the fishing indystCovering the pipelines (P4) is even more
expensive and has little environmental justificatiwver removal. Leaving them, with remedial
action to make them safe for fishing if necessagyld be the preferred scenario, unless a very
high value was put on a clear seabed and the @=®thie pipelines comprise.

Monitoring material left in situ

As noted above, all scenarios with material leitn would require monitoring, the financial and
(small) environmental implications of which need®added to the relevant scenarios. This
monitoring, and the financial implications of amymedial action which it revealed to be
necessary, would, in the first instance, be thpaesibility of the industry, in view of the ongoing
liability for materials left in situ which it wouldetain. It was outside the scope of this project t
investigate the institutional design of any monitgrprogramme (for example, who should take
the decisions about the frequency of monitoringybat conditions would trigger a requirement
for remedial work on, perhaps, the drill cuttingleg). However, the very existence of such a
monitoring programme raises the possibility of thisnitoring being combined with marine
monitoring for other purposes, which in turn braagléhe scope of consideration beyond
decommissioning.

6.2 PUTTING DECOMMISSIONING INTO A WIDER CONTEXT

Decommissioning is not the only activity in the marcontext with environmental implications.
Indeed, according to OSPAR, the offshore oil angligdustry is not responsible for any of the six
human pressures on the marine environment to whgities a Class A (highest impact) grading
(three of the six pressures come from fishing [reahof target species, seabed disturbance,
effects of discards and mortality of non-targetcsgs, two of them are trace organic contaminants
from land and shipping, and one is inputs of natddrom land) (OSPAR 2000, Table 6.1, p.113).
In this context, any decommissioning scenario pinaserves areas from fishing (as the oil and gas
structures have done) seems likely to have additienvironmental benefit (as noted above). Put
another way, if a seabed clear of drilling materrasulting from decommissioning means that
trawling again takes place over the area, the skailevery soon become clear of most marine
environmental interest as well.

One response to marine environmental degradatiehtree loss of fish stocks, has been proposals
to establish marine protected areas (MPAs, RCER,2B8Il & Roberts, forthcoming). OSPAR
itself is currently engaged in efforts “to compléie2010 a joint network of well-managed marine
protected areas that, together with the Natura 2@®@ork, is ecologically coherent.” (OSPAR
2003, para.11). MPAs established to conserve ailcebish stocks would need to be substantially
larger than those currently being considered founeaconservation purposes. However, were
these larger MPA to include the current sites bénd gas installations, this would remove the
risk of any drill cuttings piles left in situ beirdisturbed by trawling operations, with a consedquen
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release of pollution, and would permit any covemfighese piles, to enable ecosystem
regeneration on the seabed, to be far less robostpresent simultaneous concern with both
decommissioning and MPAs would seem to open ugraf&iant opportunity for marine
environmental protection that embraces both issues.

One of the factors that militate against MPAs B éixpense of monitoring them. Monitoring is
necessary both to ensure that their status andatems (e.g. no fishing) are being observed, as
well as to determine scientifically whether protegtthe area is having the desired environmental
results. It is here that the potential synergieh wbme decommissioning scenarios exist.

It has been noted above that, in respect of fostipgpelines and drill cuttings at least, the net
environmental benefit of removing all materialstmre is uncertain, while the cost is very large.
If these materials were to be left offshore, theuld need monitoring. This monitoring would be
paid for by the industry as part of the decommisisig scenario. If the area to be monitored was
included in an MPA, it could be a relatively simpdesk to devise a scheme whereby the
monitoring also included scientific work and sutlagice of MPAs. The potential problem of in-
situ decommissioning scenarios, in relation torfeteng with fishing gear, would then also not
arise, because fishing boats would be excluded themelevant areas. In time, it might even be
that the reef effects created by the shallow digpofsstructures would, in the context of a MPA,
make this scenario more publicly acceptable fokgésor topsides, provided that some of the
monies saved over their removal to shore werediaanelled into monitoring or other marine
environmental protection activity related to the MP

It has been noted above that one of the issuainigela in-situ decommissioning scenarios, which
makes them unattractive to the industry, is they ihvolve residual financial liability for the
materials left offshore. It may be that, in additio making a contribution to monitoring, the
industry would be prepared to contribute to a nedanvironmental protection fund, to reduce or
share this liability with the Government, which Vdprovide even more resources for marine
environmental protection. There can be little dpobtthe basis of the evidence in the assessment
above, that using these resources for direct marnngonmental protection, especially if this was
related to MPAs, would yield far more environmentahefit than the removal of thousands of
tonnes of non-scarce materials to shore.

The serious consideration of such a proposal waddire the various parts of OSPAR (those
relating to decommissioning and MPAS) to start ¢pinig these issues together with a view to
finding joint solutions to decommissioning and tieler protection of the marine environment.
Then there is the added difficulty that fishingigside the remit of OSPAR altogether, and is
handled in the North Sea area by the European Cssioni, through the Common Fisheries
Policy, for EU Member States, and by individual cwies otherwise. This introduces great
institutional complexity into any potential discisss about a strategy that involves conserving
fish as well as the marine environment. Howeveshduld also be noted that such discussions are
already taking place in the context of attemptagree at the EU level a Marine Thematic
Strategy, which, among other things, is propodimgestablishment by 2010 of Eco-Region
Marine Environmental Protection Plans (European @a@sion 2004). It would seem highly
desirable that out of these discussions emergéegtiee mechanism to look at such overlapping
issues as the possible relationship between decssioning outcomes and MPAs.

The difficulties of establishing such a mechani$rowd not be underestimated. The reason for
attempting to overcome them is that utilising resesa from the offshore oil and gas industry that
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were made available for marine environmental ptaie@s part of a package that combined
decommissioning with MPAs for habitat protectiomdhe regeneration of fish stocks could
transform the prospects for marine environmentakeovation. It is hoped that this paper will
make a contribution to discussion of these issues.
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8 ANNEX: SUMMARY OUTCOMES FOR DIFFERENT ELEMENTS IN
DECOMMISSIONING

8.1.1 Topside of Large Steel Structure

The reference scenario for the topside (T1) ofgelateel structure is to leave it in situ. This
involves abandoning 20,520 tonnes (t) of matert@isyhich 20,271t have to be replaced, with an
energy use of 12,523 toe, with associated emisaib6©2, NOx and SO2 as shown in the table.
The non-financial outcomes are the reference agaimsh the other scenarios are compared. The
cost of T1 is taken to be £0, but there is an untiiied residual financial liability to the owners

for the structure and other materials left in situ.

Scenario T2 (removal and shallow disposal of tipsitte) leaves the same amount of material
from the structure in the sea, but requires 3,89@tesel and 1,188t heavy fuel oil (to provide
power to run the topside during the decommissiopiagess), and 1,200t of temporary steel, as
well as 5,060 toe of energy, to carry it out. TE20Dt temporary steel (which is left in the sea) is
added to the material which has to be replacedoresso more energy is required for recycling.
The TER has increased by 5,776 toe (46%) over Tth,pvoportionately higher associated air
emissions. The seabed is not clear (as it wasnibt), and the outcomes for health and safety,
marine impacts, conservation and extraction ofueses and the fishing industry are all more
negative than in T1. The landfill outcome is thensaand fish stocks are likely to have benefited
(because the topside was not previously actingrasfa The additional expenditure of this
scenario is £18.6m (£9.3m to UK taxpayer), anditiencial liability to the owner for the
materials and structure left in the sea remains.

Scenario T3 (removal to shore and reprocessingpside) uses 7,071t (7,279 toe) more diesel
fuel than T1 and 1,188 tonnes (1,152 toe) moreyhaasl oil, but saves 7,839 toe by recovering,
rather than having to replace, the material. 24#aterial (211t of which is active waste) needs
to be landfilled in non-hazardous landfill fac#ig, at a cost of £6,888. There is an additional 5
tonnes of hazardous waste consisting of such nma&giLSA (low specific activity) radioactive
material, PCBs and an estimated 4 tonnes of asbestich would need to be dealt with by
specialist contractors and disposal firms. Costnedes for managing these waste streams are not
available from Case Study A, and would be diffi¢alpredict with any level of certainty without
more certain knowledge of how it will be managedt, there is no residual financial liability to the
owners for any of this landfilled material. The TifIudes electricity used in onshore
dismantling of the topside, which is not includadhe material inputs column. Therefore, as
noted above, the TER in this and the other matdoes not necessarily equal the sum of the
energy inputs across the row of the matrix. Ofdtier non-financial outcomes relative to T1, T3
produces a clear seabed, and clear benefits irstefthe conservation and extraction of
resources, and to the trawling fishing industrywidweer, T3 is clearly worse than T1 in respect of
fish stocks, and seems marginally worse in termaradfill and impacts on the marine
environment. The additional expenditure of T3 i§.881 (£15.2m to UK taxpayer).

8.1.2  Jacket of Large Steel Structure
The reference scenario for the jacket (J1) of gelateel structure is to leave it in situ. This
involves abandoning 9,500t of steel and aluminialinpf which has to be replaced, with an

energy use of 7,942 toe, with associated emissib@©2, NOx and SO2 as shown in the table.
The non-financial outcomes are the reference apgaimgh the other scenarios are compared. The
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cost of J1 is taken to be £0, but there is an umtified residual financial liability to the ownefsr
the structure and other materials left in situ.

Scenario J2 (removal and shallow disposal of thlkegg leaves the same amount of material from
the structure in the sea, but requires 3,122tedaliand temporary steel and 2,600 toe of energy,
to carry it out. The 600t temporary steel (whickefs in the sea) is added to the material which
has to be replaced on shore, so more energy (8&stoequired for recycling. The TER has
increased by 2,958 toe toe (37%) over J1, witleriissions increased by an even greater
proportion, because of the relative emission intgrms the diesel. The seabed is not clear (as it
was not in J1), and the outcomes for health aretygaharine impacts, conservation and
extraction of resources and the fishing industeyal more negative than in J1. The landfill
outcome, and that for fish stocks, are the same.aldlitional expenditure of this scenario is £23m
(E11.5m to UK taxpayer), and the financial lialyilib the owner for the materials and structure
left in the sea remains.

Scenario J3 (removal to shore and reprocessingeghtket) uses 4,339t more materials and 3,852
toe more energy than J1 in the removal, but say@@950e by recovering, rather than having to
replace, the steel and aluminium. 700t of maténrine growth) needs to be landfilled, at a cost
of £21,000, but there is no residual financialiliabto the owners. The TER of J3 is only 80%

that of J1, but it produces more air emissionsabse the emission intensity of offshore diesel use
is higher than that of onshore refining. Of theenthon-financial outcomes relative to J1, J3
produces a clear seabed, and clear benefits irstefthe conservation and extraction of
resources, and to the fishing industry. Howeveis I3early worse than J1 in respect of health and
safety, fish stocks, landfill and impacts on thaim@aenvironment. The additional expenditure of
J3is £27.7m (£13.8m to UK taxpayer).

8.1.3 Footings of Large Steel Structure

The reference scenario for the footings (F1) @frge steel structure is to leave them in situ. This
involves abandoning 10,300t of steel and aluminialinof which has to be replaced, with an
energy use of 7,512 toe, with associated emissib@©2, NOx and SO2 as shown in the table. It
may be noted that the replacement of the matdoakhe footings requires less energy than for
the jacket (J1), despite the greater quantity denms involved, because the footings contain less
energy-intensive aluminium. The non-financial omes are the reference against which the other
scenarios are compared. The cost of F1 is takba 0, but there is an unquantified residual
financial liability to the owners for the footinggst in situ.

Scenario F2a (removal of the footings but leavimgdrill cuttings in situ, with no distinction
made between cutting the footings at the levehefduttings and removing them entirely) requires
4,201t of diesel and temporary steel and 3,60®t@mergy to recover the materials, but saves
5,104 toe by recovering, rather than having toaeg| the steel and aluminium. 1,000t of material
(cement grout and marine growth) needs to be Ibedifiat a cost of £21,550, but there is no
residual financial liability (for the footings, thgh that for drill cuttings will remain) to the
owners. The TER of F2a is only 85% that of F1,ibptoduces more air emissions. Of the other
non-financial outcomes relative to F1, F2a doespnodluce a clear seabed (because the cuttings
are left in situ), and is clearly worse than Fiemms of health and safety, impacts on the marine
environment, landfill and fish stocks. However, FRalearly better than F1 in terms of the
conservation and extraction of resources, andspa# of the fishing industry. The additional
expenditure of F2a is £26.5m (£13.3m to UK taxppyer
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The material and energy outcomes of Scenario Fhdyal of the footings and the drill cuttings
to shore) are taken to be the same as F2a, theereaterials and energy required to remove the
cuttings being assigned to the cuttings decommigsgoscenario. A difference between F2b and
F2a is that in F2b there is no residual finana&dility to the owners for either the footings ailld
cuttings. The TER of F2b is the same as that of FBa other non-financial outcomes of F2b are
similar to F2a, except that now there is a cleabed (the fate of the cuttings is considered under
the cuttings decommissioning scenario), and monefits to the fishing industry. The additional
expenditure of F2b is the same as that of F2a.

8.1.4  Entire Large Steel Structure

The reference scenario for the entire large stegdtsire is to leave it in situ, combining the #re

in situ references scenarios for the individual ponents of the structure (T1, J1, F1). This
involves abandoning over 40,000t of metals, alvbich has to be replaced, with an energy use of
27,976 toe, with associated emissions of CO2, N@kS02 as shown in the table. The non-
financial outcomes are the reference against wihielother scenarios are compared. The cost of
this reference scenario for the whole structutaken to be £0, but there is an unquantified
residual financial liability to the owners for tegucture (and any other materials left in situ).

The next whole-structure scenario to be considerélte removal and shallow disposal of the
topside and jacket (T2, J2), while leaving the ifogd in situ (F1). This leaves the same amount of
material from the structure in the sea, but requ®&00t of diesel and temporary steel and 7,760
toe of energy, to carry it out. The 1,800t temppideel (which is left in the sea) is added to the
material which has to be replaced on shore, so eweegy is required for recycling. The TER has
increased by 8,734 toe (31%) over the whole-streateference scenario, with proportionately
higher associated air emissions. The seabed idewnt (as it was not in the reference scenario),
and all the other non-financial outcomes are wthaa in the reference scenario, except for
landfill, which is the same, and fish stocks, whbgmefit from the reef effects of the shallow
disposal. The additional expenditure of this scenar£41.6m (£20.8m to UK taxpayer), and the
financial liability to the owner for the materiasad structure left in the sea remains.

Removal of the whole structure to shore for repsstey (T3, J3, F2a,b) uses 17,998t more
materials and 15,896 toe more energy than the wdtoleture reference scenario (Tl, J1, F1), but
saves 18,642 toe by recovering, rather than haweimgplace, the metals. 1,949t of material (the
sum of that from T3, J3, F2a,b) needs to be ldedfilat a cost of £49,348, but there is no residual
financial liability to the owners. The TER of tlgsenario is only 94% that of the whole-structure
reference scenario, but it produces more air eonssiOf the other non-financial outcomes
relative to this reference, this scenario producekear seabed, and clear benefits in terms of the
conservation and extraction of resources. It is pissitive for the fishing industry. However, the
scenario is clearly worse than the reference ipaetsof health and safety, fish stocks, landfiian
impacts on the marine environment. The additiorpkeaditure of the scenario is £84.6m (£42.3m
to UK taxpayer).

8.1.5 Mostly Concrete Structure
The reference scenario (CON1) for the mostly cdecstucture is to leave it in situ. This involves

abandoning over 1mt of materials, 46,134t of wlacdhmetals, while the rest is ballast and
concrete. Most of this has to be replaced onshatk,an energy use of 30,649 toe, with
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associated emissions of CO2, NOx and SO2 as shothe itable. The non-financial outcomes are
the reference against which the other scenarioscanpared. The cost of this reference scenario
for the whole structure is taken to be £0, buteheran unquantified residual financial liability t
the owners for the structure (and other materedtsn situ).

The scenario CON2 entails removing the structuhtwre for reprocessing. This uses 61,204t
(63,005 toe) more diesel fuel than CON1, but s&2e$18 toe by recovering, rather than having to
replace, the materials. 83,700t of material (80t @®@vhich is concrete, the rest being marine
growth) needs to be landfilled, at a cost of £1.4But there is no residual financial liability toet
owners. The TER of CON2 is 189% more than that@NT, and air emissions are also much
greater (though less than proportionately), dudedhigh energy requirement of recovering the
materials. Of the other non-financial outcomestieteto this reference, CON2 produces a clear
seabed, and clear benefits in terms of the consemvand extraction of resources. It is also
positive for the fishing industry. However, the sago is clearly worse than CONL1 in respect of
health and safety, fish stocks, landfill and impamt the marine environment. The additional
expenditure of the scenario is £286.7m (£143.4kKdaxpayer).

8.1.6 Pipelines

The reference scenario for pipelines (P1) is teddhem in situ with no remedial action. This
involves abandoning 5,351t of materials, 5,12&vbich have to be replaced onshore, with an
energy use of 2,386 toe, with associated emisgib@©2, NOx and SO2 as shown in the table.
The non-financial outcomes are the reference apainsh the other scenarios are compared. The
cost of this reference scenario for the whole s$timgcis taken to be £0, but there is an unquaditifie
residual financial liability to the owners for theaterials left in situ.

The scenario P2 entails removing the pipelinehtwesfor reprocessing. This uses 2,046t (2,107
toe) more diesel fuel than P1, but saves 1,578yaecovering, rather than having to replace, the
materials. 224t of concrete needs to be landfibed, cost of £3,808, but there is no residual
financial liability to the owners. The TER of P228% more than that of P1, but air emissions,
especially of NOx, are proportionately much higtiem this, because of the NOXx intensity of
burning the diesel. Of the other non-financialcomes relative to P1, P2 produces a clear seabed,
and clear benefits in terms of the conservationexthction of resources. It is also positive for

the fishing industry, and no worse than P1 for theahd safety and fish stocks. There is a small
negative outcome in respect of landfill and impactghe marine environment. The additional
expenditure of the scenario is £19.9m (£10m to a}payer).

The scenario P3 entails leaving the pipelinestinwith remedial action. This uses only 259t (267
toe) more diesel fuel than P1, but leaves the sanmunt of material in the sea, and the same
amount to be replaced, and leaves residual finhleiality for owners. The TER of P3is 11%
more than that of P1, but extra NOx are again ptapwately much higher than this (though less
than in P2). Of the other non-financial outcoméatiee to P1, P3 is only an improvement in
respect of the fishing industry, is the same ipees of health and safety, fish stocks and landfill
and is worse in respect of natural resources andtrine environment. The additional
expenditure of P3 is £1m (£%m to UK taxpayer).

The scenario P4 entails trenching and burying tbelipes. It is very similar to P3, leaves the

same amount of material in the sea, and the saroardrto be replaced, although the pipelines are
now covered, and leaves residual financial ligpfitr owners. It uses 920t (947 toe) more diesel
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fuel than P1. Its TER is 40% more than that of¥Afh) higher emissions, with extra NOx again
proportionately much more increased. Air emissiangsalso greater than P3, though less than P2.
The other non-financial outcomes are the samerd®3oThe additional expenditure of P4 is

£25m (£12.5m to UK taxpayer).

8.1.7 Drill Cuttings

The reference scenario for drill cuttings (Cl)adeave them in situ with no covering. This
involves abandoning 40,000t of materials, but tteagmajority of these are waste materials, and
only 1,413t of recoverable waste oil (containethmm cuttings) have to be replaced onshore. There
iS no energy use or air emissions in C1. The noanitial outcomes are the reference against
which the other scenarios are compared. This isthereference scenario which is given a
negative impact on the marine environment (‘-bgcause of the long-term ecological sterility of
the cuttings pile and the continuous low-level leag of contaminants from it. The cost of this
reference scenario for the whole structure is ta&dye £0, but there is an unquantified residual
financial liability to the owners for the materidddt in situ.

The scenario C2 entails excavating and leavingtitings. This uses only 772t (794 toe) more
diesel fuel than P1, but leaves the same amounitérial in the sea, and leaves residual financial
liability for owners. The TER and air emissionsG# are obviously higher than the zero in this
category of C1. Of the other non-financial outcomeative to C1, C2 is the same in respect of
health and safety, landfill, the fishing industnddish stocks, but worse in respect of natural
resources and the marine environment. The additexpenditure of C2 is £5.1m (£2.6m to UK
taxpayer).

The scenario C3 entails covering and leaving thngs (with or without the base of the footings
left in place). This uses 4,004t (4,122 toe) moesal fuel than C1, and about 166,000t of sand
and gravel. The same amount of material is lefhésea, and the same amount has to be replaced
as in C1, although the cuttings are now coveredhgps reducing the financial liability for

owners. C3 produces far more air emissions thameh®emissions of C1, but also nearly six

times the CO2, and higher other air emissions, @&nOf the other non-financial outcomes

relative to C1, C3 is the same in respect of heaithsafety and landfill, better in respect of the
fishing industry, fish stocks and the marine envinent, but worse in respect of natural resources,
with especially high resource extraction impactsaose of the amount of sand and gravel used.
The additional expenditure of C3 is £10.3m (£5.drUK taxpayer).

The scenario C4 entails removing the cuttings twesffor reprocessing. This uses 9,073t (9,340
toe) more diesel fuel than C1, which is partialffset by the 1,413t (1,370 toe) of recovered oil.
38,587t of material needs to be landfilled, at st o £655,984, but there is no residual financial
liability to the owners. The TER of C4 is 8,036 toere than that of C1, with correspondingly
high air emissions. Energy use is nearly twice, @ing@missions are more than twice, those of C3.
Of the other non-financial outcomes relative to C4,produces a clear seabed, and benefits in
respect of the fishing industry, fish stocks arelerine environment. It is the same for health
and safety. However, it is very much worse tharirCerms of landfill (assuming the cuttings
cannot be processed into an inert constructionnmayteand also negative in terms of resource
extraction, and resource conservation (becautdeedxtra diesel use). The additional expenditure
of the scenario is £38.9m (£19.4m to UK taxpayer).
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