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ABSTRACT
The precautionary principle places the burden of proof, or justification, on the proponent of an activity. Industry is therefore
required to assess and present all scientific information relevant to an activity. This is best achieved when a completely holistic
approach is applied to determine the overall environmental impacts associated with an activity. One methodology that can be
adopted for this purpose, encompassing all environmental impacts over the complete life cycle acknowledging the principles of
BAT, BPEO, ALARP and BPM, is Life Cycle Assessment (LCA). This paper presents a summary of two LCA studies to illustrate
the concept of an "environmental optimum" to assist in the decision making process and to promote sustainable environmental
management.
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INTRODUCTION
Sustainable development has been described as that which:

' meets the needs of the present without compromising the ability of future generations to meet
their own needs,' (Ref 1).

Within the goal of sustainable development, three broad areas are generally considered relevant in
decision-making as practical constraints on human activities (Ref 2). These are:

> Natural and physical sciences, including ecology and thermodynamics, the physical laws and
relationships that shape ecosystems. Perspectives on this area are described as "scientific".

> Micro-economics and technology: the economic relationship, structures and products that shape
business systems. Perspectives on this area can be described as "business- orientated".

> Social issues and macro-economics: the social structures and issues that shape society, reflecting
peoples values. Perspectives on this are described as "societal".

Figure 1. Conceptual Framework for Decision Making. (Ref 3).
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Where the three areas of the framework overlap, the broad constraints of each lobe can be satisfied
representing the area in which decisions would promote sustainability. Under this definition of
sustainability, sustainable development is not possible without the consideration of all three areas.

Moving towards the centre of this framework is highly complex and involves a multiplicity of factors,
some of which are embedded in science/ economics and some that are based on individuals/ societies
values. The Utopian concept of sustainable development per say is difficult to envisage therefore.
However, increasing the knowledge and understanding of the factors inherent in these lobes and how



they interrelate, can facilitate better environmental management, leading to decisions which promote
sustainability.

Within this paper, we consider just one lobe the "Scientific lobe" and explore some of the issues, which
need to be addressed to enable movement towards the centre of this framework. Comment is also made
on how considerations in one lobe may affect the other lobes, and wider considerations with regard to
sustainability.

THE UK LEGAL FRAMEWORK

Non-Radioactive Regulation
In 1976 the Royal Commission on Environmental Pollution (Ref 4) identified the need for a more
effective form of environmental management than the typical single medium standards that were in
place at the time. It was further recommended (Ref 5) that a unified body should be responsible for
ensuring that environmental discharges should cause the least overall damage by implementing the
'Best Practicable Environmental Option' (BPEO). By definition;

'A BPEO is the outcome of a systematic consultative and decision making procedure
that emphasises the protection and conservation of the environment across land, air
and water. The BPEO procedure establishes, for a given set of objectives, the
option that provides the most benefit or least damage to the environment as a
whole, at acceptable cost, in the long term as well as in the short.'

These recommendations eventually resulted in the drafting and passing into law of the Environmental
Protection Act 1990 (Ref 6). When introduced in April 1991, Part 1 of the EPA90 created Integrated
Pollution Control (IPC) and the Local Authority Air Pollution Control (LAAPC).

The introduction of the IPC regime represented a watershed in pollution regulation, acknowledging the
fact that an impact upon emissions to one medium, whether negative or positive, can have a knock on
impact upon release to other media. For example the adoption of flue-gas de-sulphurisation technology
for the reduction of SO2 and NOx from aerial releases often results in the production of large volumes
of solid waste. The release to atmosphere may be better controlled, but quantities of solid waste are
substantially increased. Both IPC and LAAPC require the control of emissions using the 'Best
Available Technique(s) Not Entailing Excessive Costs' (BATNEEC) to mitigate the environmental
impact of operations.

In 2000, the EC Directive (91/61/EC) on Integrated Pollution Prevention and Control (IPPC) was
implemented in the UK through the Pollution Prevention and Control (PPC) Regulations; this
legislation takes a more holistic approach towards industrial pollution control. Which may partly reflect
the criticism in recent years of the emissions based focus of EPA90 and the current methodologies used
for assessment of alternative processes or abatement techniques, since wider impacts are excluded (Ref
7). The Directive covers a much wider range of environmental pollutants within the lists of Prescribed
Substances than those listed under IPC. Additionally, due to the integrated control of emissions, PPC
requires consideration of many more aspects which include, the efficient use of raw materials; waste
recovery and safe disposal; the efficient use of energy; implementing necessary measures to avoid
pollution risk and where necessary, restoring a site to a satisfactory state. This presents the scope to
consider a wider number of issues, which should be constantly reviewed. The management of the
environment is now framed as one, which should include all environmental aspects, although different
member states may interpret this differently. For example, in Holland a wholly holistic view has been
taken, with the principles of Life Cycle Assessment (LCA) being incorporated into the ethos of PPC;
whilst in the UK a more restrictive approach has been taken, considerations including direct emissions,
resource usage and electricity consumption.

This greater scope is further emphasised in moving from BATNEEC (IPC) to BAT (Best Available
Technique) to determine the BPEO. BATNEEC was used primarily to prevent the release of a
prescribed substance for any given environmental medium or where that is not practicable reducing the
release of such substances to a minimum. However, the BAT definition encompasses a much larger
circle of issues and the wider scope is evident in the definition within the PPC Regulations. Here,
'Best' is with respect to the techniques used to achieve a high level of general protection of the
environment as a whole (not just polluting releases). 'Available' relates to those technologies which



have been developed on a scale which allow implementation in the relevant sector with regard to wider
cost/benefit considerations (i.e. includes NEEC). 'Technique' not only includes the technology used
but the way it is designed, built, maintained, and operated, and, ultimately, methods for
decommissioning (Ref 8).

In summary the IPPC Directive identifies that industrial processes have impacts on the environment,
which often far exceed the boundaries of the specific installations being regulated and beyond the
current emission-focused regime of IPC. It should also be noted that the Directive and the Regulations
specifically exclude the consideration of radioactive environmental aspects.

Radioactive Regulation
Within the UK the environmental impacts of nuclear facilities are regulated under the Radioactive
Substances Act 1993 (Ref 9). This is viewed as being completely separate from, and taking precedence
over IPC/PPC. The reason for this separation maybe historic due to the RSA being implemented prior
to (1940 and 1968) the IPC regime (1996) within the UK. The RSA93 ensures that activities are
regulated under the principles of 'As Low As Reasonably Practicable' (ALARP) and 'Best Practicable
Means' (BPM). ALARP is a wide statement of principles and forms the cornerstone of nuclear plant
safety. A risk that has been reduced to ALARP corresponds to the concepts of the Tolerability of Risk
(TOR). This implies that any further reduction in the risk can be achieved only at grossly
disproportionate cost and that the benefits afforded by the risk are judged to outweigh the costs. This
cost limit was originally set at £20,000 per ManSv, however, the figure is not acknowledged within the
regulatory framework and expenditure has far exceeded this criteria. There is also a continued
expectation that discharges will be mitigated far beyond this level of expenditure. ALARP is defined
using the principles of BPM, which is essentially a pragmatic philosophy for the control of emissions
from scheduled processes. It is broadly similar to the BATNEEC/ BAT expression under the IPC/ PPC
regime. In that it includes, the consideration of the release of radioactivity to the environment, whilst
taking account of a wider range of factors which includes environmental factors.

THE PRECAUTIONARY PRINCIPLE
The precautionary principle originated from the German principle of Vorsorge, or foresight. The
precautionary principle has been incorporated into many international statements of policy;
conventions dealing with high-stakes, environmental concerns in which the science is uncertain; and
national strategies for sustainable development. The principle was introduced in 1984 at the First
International Conference on Protection of the North Sea. Following this conference, the principle was
integrated into numerous international conventions and agreements, including the Bergen Declaration
on sustainable development, the Maastricht Treaty of the European Union and the Global Climate
Change Convention.

One of the most important applications of the precautionary principle is within the Rio Declaration
from the 1992 United Nations Conference on Environment and Development (Ref 10). The declaration
states that:

'In order to protect the environment, the precautionary principal approach shall be
widely applied by States according to their capabilities. Where there are threats of
serious or irreversible damage, lack of full scientific certainty shall not be used as a
reason for postponing cost effective measures to prevent environmental
degradation'

The OSPAR Agreement
The OSPAR agreement refers to the Oslo-Paris Commission that adopted a Convention in 1992 for the
protection of the marine environment of the Northeast Atlantic, the North Sea and the Irish Sea. The
Commission is concerned with reducing and preventing pollution in the marine environment and the
sources of pollution from industrial and agricultural processes on land and sea have been the subject of
OSPAR debate. OSPAR requires that there are continual commitments towards the reduction of
radioactive discharges, with the ultimate aim to reduce by 2020 the effect of these discharges upon
people towards natural background levels. Several countries and anti-nuclear groups like Greenpeace
have influenced the recommendation that calls for zero discharges to sea for manmade radioactive
substances and the lowering of natural radionuclide discharges to ambient/background levels. The



1992 OSPAR Convention (Ref 11) (Convention for the Protection of the Marine Environment of the
North East Atlantic) provides in Article 2 that Contracting Parties shall apply:

... the precautionary principle, by virtue of which preventative measures are to
be taken when there are reasonable grounds for concern that substances or
energy introduced, directly or indirectly, into the marine environment may bring
about hazards to human health, harm living resources and marine ecosystems,
damage amenities or interfere with other legitimate uses of the sea, even when
there is no conclusive evidence of a causal relationship between the inputs and
effects.

MOVING FORWARD
Currently under UK legislation radiological discharges and non-radiological discharges are regulated
separately, and the emphasis is firmly placed on radiological discharges - these taking precedence over
non-active discharges. In addition although many of the philosophies above call for the consideration
of the environment as a whole, the framework for consideration is often limited to direct discharges and
their impacts.

PPC presents the opportunity to expand environmental considerations to include indirect discharges
and other environmental aspects such as electricity consumption and the utilisation of raw materials,
but it falls short, in terms of a truly holistic approach in that, it specifically excludes radioactive
discharges.

Additionally considerations are further complicated by specific agreements, for example OSPAR. This
aims to specifically reduce impacts to one environmental media - the sea, which will inevitably cause
additional burdens and impacts to the remaining media, the air and land. This in essence undermines
the ethos of BPEO/ BAT for non-actives and ALARP/ BPM for radioactives. It also, conflicts with the
RCEP definition of BPEO, which calls for options to be, selected "that provide the most benefit or least
damage to the environment as a whole"; taking into account the entire range of considerations
identified as being relevant to the discussion.

Further in calling for discharges to be reduced to zero or near background for radioactive species and
hazardous substances; will create environmental impacts in other areas of the ecosystem, which
depending on the approach taken, may go unrecognised. Some of these impacts will be direct, for
example removing a liquid discharge and creating a solid waste, and some will be indirect relating not
to the specific pollutant concerned, but to the impacts created in removing the pollutant. These impacts
are termed externalities and they can be significant and wide-ranging (including Naturally Occurring
Radioactive Material). In essence OSPAR is proposing that industry shift's its direct burdens to another
media without accounting for the externalities created in other areas.

Considerations with regard to externalities, are also relevant to the drive to continuously reduce
radioactive discharges to all media, and the proposal to define a de minimis level of O.OlmSv as a dose
of "No Regulatory Concern" (Ref 12). Which could, in turn be regarded as applying "the precautionary
approach" to radioactive discharges. However, it does not consider any proportionality with regard to
the application of the precautionary principle to all other potential impacts. As radioactive discharges
are reduced, other impacts are created either directly or as externalities, and it is likely that these will
increase substantially as the regulatory framework endeavours to reduce radioactive impacts to this
very low level.

Additionally, there is the consideration of the Tolerability of Risk (Ref 13), the nuclear industry (UK)
is being driven towards very low risk levels, which equate to 1:1 000 000 (which the HSE regards as
trivial) and 5: 10 000 000 (which the DETR regards of "No Regulatory Concern). These levels of risk
are far below the action level for Radon in homes (Ref 14) and those from natural radiation. This and
considerations regarding the environmental aspects/ impacts generated in reducing discharges to these
levels of risk - pose the question "At what environmental cost to the environment as a whole?"

THE SOLUTION: LIFE CYCLE ASSESSMENT (LCA)?
It has long been the central theme of UK environmental policies that decisions should be based on what
has frequently been called sound science. For example the 1990 Environmental White Paper states that
'we must base our policies on fact not fantasy, and use the best evidence and analysis available'. It



Figure 2: Tolerability of Risk and Dose Constraints (Ref 13)
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stressed lthe need, in environmental decisions as elsewhere, to look at all the facts and likely actions
on the basis of the best scientific evidence. LCA is a tool that facilitates this holistic decision making
strategy. Further, the RCEP state ''that to ensure the full range of options and repercussions are
considered, assessments of technological options carried out as input to decisions on environmental
policies or standards should be on a life cycle basis' (Ref 17).

With this in mind BNFL have embarked on a number of case studies which consider process
optimisation and abatement options using LCA, with a view to considering the environment as a
whole - that is in a holistic manner. This will broaden what is being considered with regard to BPEO/
BAT.

LCA, is known as 'Cradle-to-Grave Analysis' and is ideally suited to this kind of integrated, holistic
environmental assessment, enabling scenarios to be compared and the burdens to be quantified over a
range of impact categories, based on emissions, energy and resources. Additionally it has the
capability to identify 'hotspots' within life cycle systems and facilitate process optimisation. The
technique is internationally recognised through the International Standards Organisation (ISO) as an
important tool for carrying out environmental assessments.

The methodology comprises of 4 individual steps, described by the Society for Environmental
Toxicology and Chemistry (SETAC). The first stage is that of Goal and Scope Definition which
defines the purpose or intended application of the study taking into account scenarios, areas to be
considered, functional unit used, boundaries of the study and data quality. Stage two, Inventory
Analysis, identifies and quantifies all inputs, wastes and emissions crossing the foreground and
background system boundaries:

Background Comprises of the primary installation under investigation and often includes
effluent treatment and on site waste management i.e. all of those process which
usually occur within the site boundaries.

Foreground Includes all activities which exchange materials and energy with the foreground
system, but are otherwise unaffected by decisions made in the foreground system.

This enables, the environmental burdens associated with a product, process or activity within both the
foreground and background system to be quantified that is, it includes externalities. The Impact
Assessment stage allows the aggregation of all the environmental burdens quantified within the
inventory analysis into a limited set of recognised environmental impact categories e.g. Global
Warming Potential (GWP), Ozone Depletion Potential (ODP) and Ecotoxicity. The final stage,
Interpretation or Improvement Assessment examines the results to bring about a reduction in the
environmental impacts associated with providing a product or a service.

APPLICATIONS OF LCA
Two examples are considered here:

> The re-routing of the Low Active Solvent Wash 1 Aqueous Raffinate (LASW1AR) stream and;
> The encapsulation of precipitated Carbon 14 from the THORP Dissolver Off Gas system.

The LASW1AR stream is the first carbonate wash of the solvent purification wash system in Thorp.
The design intent for the stream was to direct it to the Low Active Monitoring Tanks where it would
be batch sentenced to the THORP Low Active Effluents plant. However, prior to active
commissioning it was decided to use the contingency route for this stream to the medium active Salt
Azide Conditioning plant and on to the Magnox Salt Evaporator because of uncertainty in predicting
the azide concentration of the stream. Conversely, after active commissioning of THORP was
complete, actual data on azide concentrations in LASW1AR were assessed and showed the stream to
be acceptable for the low active downstream plants. It is believed that this re-routing is the Best
Practicable Environmental Option (BPEO), this project aimed to validate this with the application of
LCA.

Two scenarios were considered:
> Scenario one considered the direct release of the LASW1AR stream to the marine environment

and is current operational procedure - there are no additional burdens associated with this
scenario.

> Scenario two considers the period when the re-routing of the stream through a number of Site
facilities was operational - there are a number of additional burdens associated with this scenario.



From the results it is clear that scenario two has significantly higher non-active burdens/ impacts
associated with the process route, than scenario one. However, the direct discharge (scenario one) has
higher radiological impacts, although in dose and risk terms these are of "No Regulatory Concern"
see Figure 2. What is of interest here is the non-active burdens created by routing the process stream
through Medium Active (MA) effluent plants culminating in encapsulation, see Table 1, illustrating
the importance of considering the environment as a whole. Re-routing has also created flexibility in
the way in which medium active liquor is managed on the Site, as the volumes of MA liquor have
been reduced.

Table 1. LASW1AR: Annual Impacts During 1998 (204 Days Operation)

Category
Dose Saved (uSv)
Greenhouse - Indirect (kg CO2 eq.)
Acidification (kg SO2 eq.)
Smog (kg NOx eq.)
ILW Waste Volume (m3)
ILW Waste Mass (Kg)

Impact
0.001185
3810.64
456.41
190.25

1.7
3612.00

(N.B. Approximate values for 1998 - figures based on the campaign studied pro-rated)
(Note a full description of this LCA is given in Reference 18)

The THORP DISSOLVER OFF GAS SYSTEM passes through a caustic scrubber, the liquor from
which then enters the Carbon 14 Plant, where it is treated with Barium Nitrate to precipitate carbon
14, which is then encapsulated in concrete as ILW; the supernate being discharged to sea.

Two scenarios were considered:
> Scenario one considers the direct release of caustic scrubber liquor to the marine environment; -

there are no additional burdens within this scenario.
> Scenario two considers the current practice of precipitation and encapsulation - where there are a

number of additional burdens to be quantified.

An indication of the burdens associated with, the encapsulation of, carbon 14, are given in Table 2.
Again it is clear that to mitigate a very small risk (3.35 x 10"8), see Figure 2, significant non-active
burdens and impacts are created, in addition to capture 16.79g of carbon 14 results in the creation of
52.7te, of Intermediate Level Waste (ILW).

Table 2. CARBON 14: Annual Impacts During 1998 (1000 TeU)

Category
Dose Saved (uSv)
Global Warming (kg CO2 eq.)
Acidification (kg SO2 eq.)
Abiotic depletion (kg Oil eq.)
Summer Smog (kg NOx eq.)
ILW Waste Volume (m3)
ILW Waste Mass (Kg)

Impact
0.6703 (16.79g)

56715.0
1791.8

1749812.5
107.4
22.50

52650.00
((N.B. Approximate values for 1998 - figures based on the campaign studied pro-rated)
(Figures are currently DRAFT - awaiting peer review).

DISCUSSION
From observing these results it is clear that defining and quantifying the burdens and impacts
associated with mitigating discharges or optimising processes can provide valuable information, upon
which to base decisions. It also demonstrates the value of a holistic approach, compared to one
focused on one particular pollutant or environmental media. In Figure 3, we propose that generally as
a radioactive discharge is reduced, through the application of the precautionary principle, the quantity
of non-active burdens/ impacts increases. At some point these lines cross, where the impact of the
additional burdens created outweigh the benefit of further reducing the radioactive discharge - the
environmental optimum. To travel beyond this point creates a situation where radioactive impacts
(dose) and their associated risks are very low, but in contrast non-active impacts (direct burdens and
externalities) are relatively high, and the risks unqualified.



Figure 3. Relationship Between Active and Non-Active Impacts, the "Environmental Optimum ".
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Such a scenario can be clearly envisaged in regard to the ethos of attaining "zero or close to
background" discharges. From a holistic environmental management perspective it is necessary to
understand the relationship between these diverging lines in order to facilitate sustainable decisions.

It is also evident that different isotopes (or groups of isotopes) will have different "environmental
optimum's" as the doses and associated risks will differ, as will the range and magnitude of the non-
active impacts - dependant on the technology available. Such an approach has the potential to guide
isotope specific BPEO optioneering, assist in prioritising discharge reductions whilst accounting for
the additional impacts created, and for demonstrating that current management strategies are justified.

To achieve such a position is complex and scientifically challenging within the "scientific" lobe alone.
It is then further complicated by economic and technological factors in the "business" lobe, and then
is required to incorporate factors from the "societal" lobe - a fundamental part of which is to consider
the views of stakeholders. All these factors are necessary to the decision making process.

CONCLUSIONS
Regulation of discharges from the nuclear industry is focused specifically on radioisotopes and the
application of the precautionary principle to these. This position, whilst understandable to a degree, is
in conflict with the need to consider the "environment as a whole". Current discharges from the
Sellafield Site are well within constraints set by the International Commission for Radiological
Protection (ICRP) and the National Radiological Protection Board (NRPB) and are approaching the
lower boundary for tolerable risks (10"6) proposed by the Health and Safety Executive's, Tolerability
of Risk. At these levels of risk, it becomes appropriate to consider the concept of an "environmental
optimum" for the balance between mitigating radiological impacts and creating substantial non-active
impacts and potentially large volumes of waste.

The use of the LCA tool facilitates this understanding, and whist LCA itself cannot provide an answer
with regard to the "placing" of this optimum, it does provide the information/ options, upon which
stakeholders can make more informed decisions. In addition, as the information provided is holistic it
is hoped that a broader view will be taken with respect to the balance between radiological and non-
radiological impacts. Such a balanced approach, along with considerations in the societal and business
lobes, would promote a more sustainable viewpoint between decision makers, as the whole picture
would have been debated at a holistic level.
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