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Abstract

The long-term safety of a facility for the disposal of long-lived radioactive waste would principally
depend upon a combination of engineered and natural barriers which would ensure that the
radioactivity was prevented from reaching the biosphere. To assess radiological safety over extended
timescales requires the construction of 'assessment biospheres'. A possibility is the development of
'Reference Biospheres', a series of stylised, internationally-agreed assessment biospheres that could
be used to support post-closure assessments in a wide variety of situations. Current activities in this
subject area are described.

1. INTRODUCTION

The long-term safety of a facility for the disposal of long-lived radioactive waste would
principally depend upon a combination of engineered and natural barriers. These barriers would
ensure that almost all the radioactivity was prevented from reaching the biosphere, and such releases
as might occur via the groundwater pathway would only reach the biosphere after many thousands of
years. To assess radiological safety over these extended timescales requires the construction of
'assessment biospheres', models of the biosphere in which humans are assumed to live and
radionuclides accumulate and disperse. Since assessment biospheres are intended to represent the far
future, the unavoidable question is 'how can this be done credibly?'

In any repository safety assessment, the present day biosphere at a potential repository site
will always be an important point of reference; furthermore, it is the starting point for all future
biospheres. Post-closure safety assessments frequently base future biospheres on that existing at the
potential disposal site at the present day, an approach that has the advantage of avoiding speculation
about the nature of future human societies. It may also be argued that, by treating the present and the
future in similar manner, this approach is consistent with the application of the General Safety
Principle that the protection given to future generations should be at least as great as that given to
people living today.

Future biospheres cannot be based too closely on the present day however, since this would
overlook the possibility that present day human activities may not include some activities (carried out
elsewhere or known to have occurred in the past) that could give rise to significant radiation
exposures. Furthermore, the present day biosphere would form an inadequate basis for an assessment
if the assessment timeframe were long enough to encompass significant biosphere change (noting that
such changes are possible on timescales of a few hundred years). A possible solution to these
difficulties is the development of 'Reference Biospheres', a series of stylised, internationally-agreed
assessment biospheres that could be used to support post-closure assessments in a wide variety of
situations.

The BIOMASS (Biosphere Modelling and Assessment) project was established under the
auspices of the IAEA [1]. The BIOMASS Theme 1 objective is to develop the concept of 'Reference
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Biospheres' into a practical system for application to the assessment of the long-term safety of
repositories for radioactive waste [2]. This 'practical system' has found expression in a BIOMASS
methodology, based on the work of BIOMOVS II [3], that has been developed through the
construction of a number of 'Example Reference Biospheres'. The examples illustrate the
methodology and are also intended to be useful in their own right.

2. BIOMASS METHODOLOGY

The BIOMASS methodology provides a formal procedure for the development of assessment
biospheres, based on a staged approach in which each stage introduces further detail so that a coherent
biosphere system description and corresponding conceptual model can be constructed.

2.1 Assessment context

Defining the assessment context is a fundamental stage in the determination of a suitable
assessment biosphere. This involves considering a number of issues that define the overall
requirements, including the underlying purpose of the assessment. The purpose will help to
determine, amongst other things, the required complexity of the assessment biosphere. For example, a
single, simple biosphere may be acceptable for a site-to-site comparison exercise, whereas in the
context of a formal regulatory compliance assessment a series of biospheres ranging from simple to
complex may be more appropriate. Other important components of the assessment context include the
endpoint (i.e. what is to be calculated), the site context (e.g. latitude), the source term (i.e. the
radionuclides that are to be considered and their rate of release), the geosphere-biosphere interface
(i.e. where and how radionuclides are assumed to emerge into the biosphere) and the timeframe of the
calculation.

2.2 Biosphere system identification and justification

The purpose of this stage of the methodology is to build on the assessment context (previous
sub-section) to identify and justify the assessment biosphere that is to be modelled. In some cases the
assessment biosphere may be predefined by statute. The stage consists of three main steps. Step 1 uses
the assessment context to help identify the main components of the biosphere system ('system
components'). This is done by working systematically through a series of classification schemes for
each of these system components: climate, geographical extent and topography, human activities, near
surface lithostratigraphy, water bodies and biota.

Step 2 considers whether or not the assessment context requires biosphere change to be
represented. If the biosphere is assumed not to change throughout the period of the assessment then,
for example, climate will be assumed to remain constant (though seasonal and other short term
changes may need to be represented), sea level will not change and lakes will not silt up.

In deciding the need for change to be represented within the biosphere assessment, two
components of the assessment context are particularly relevant: the timeframe of the assessment and
the geosphere-biosphere interface (GBI). The timeframe is important because (for a given location) it
will determine whether significant different climate conditions could occur. The GBI is important
because it can be directly affected by such factors as climate change, erosion and human activities.
Other aspects of the assessment context will also have an influence: the site context, for instance,
would establish whether the site was situated inland or at the coast and would therefore determine
whether changes in sea level could affect the assessment.

If biosphere change is to be represented, Step 3 considers how this should be done. In general
there are two approaches: non-sequential change and sequential change. A non-sequential assessment
approach involves simulating the consequences of radionuclides emerging into discrete, unchanging
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biospheres, chosen to encompass the range of possible futures of interest. Thus, for example, the
assessment calculation might be carried out for a specific site in two different climate states, with no
attempt made to address effects associated with the ordering of events or the transition from one state
to another. A sequential assessment approach, on the other hand, involves considering the sequence
in which changes to the biosphere system may occur and simulating the effects of the transition from
one system to another.

2.3 Biosphere System Description

This stage of the methodology is aimed at providing sufficient detail about the biosphere
system (or systems) to be considered in the assessment to justify the selection and use of conceptual
models for radionuclide transfer and exposure pathways. As a starting point, the methodology requires
a decision to be made regarding the assumed level of human control of the biosphere system (for
instance foraging in a natural or seminatural environment compared to intensive agriculture). Then,
for each identified system component, lists of potentially important characteristics are screened to
determine a short-list of those deemed relevant to the assessment. Working systematically through
these lists allows the main features of the biosphere system to be described, alongside the reasons for
the various choices. Hence, for example, consideration of the socio-economic context of the local
human community provides a basis for the subsequent identification of potentially exposed groups for
which radiological exposures are to be considered within the assessment model.

In addition to identifying the characteristics of the system components, the methodology also
requires the features, events and processes (FEPs) of the system to be identified. This is accompanied
by a description (a 'word picture') of the system that describes how the system components are
arranged spatially and temporally, and how they interrelate.

2.4 Conceptual mode] construction

A conceptual model is a description of the system that has sufficient detail and clarity to
allow the mathematical equations and data requirements to be constructed. Using information
generated by the second and third stages of the methodology (system identification & justification and
biosphere system description), the construction of the conceptual model begins by listing the 'media
of interest' such as water, soil, crops, animals in which radionuclides may migrate or accumulate. The
media are not confined to those that make a direct contribute to radiation exposure so that, for
instance, subsoil may need to be included. Next, the radionuclide pathways through these media (and
corresponding FEPs) are identified. Cross checks are made to ensure that the conceptual model
incorporates - or at least acknowledges - all the FEPs that were identified as being relevant within the
system description. As a final check, the contents of conceptual model (including those FEPs relevant
to radionuclide transport and exposure) are audited against an independent FEP list [2].

2.5 Mathematical mode! construction

A mathematical model is a mathematical expression of the conceptual model and there may
be a number of alternative mathematical models for any one conceptual model. The availability of
data to parameterise the model is an important consideration at this point since this may decide the
choice of mathematical model. This and the fact that the data need to be fit for purpose are reasons
why data selection is seen as an important activity within the methodology. The combination of data
and mathematical model allows the calculation, first of the radionuclide concentrations in the various
media of interest and second, of the doses resulting from potential human exposures to these media.

3. REFERENCE BIOSPHERES

A number of Example Reference Biospheres are being developed within BIOMASS. These
Examples demonstrate the application of the methodology while also serving other purposes, as
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follows. First, they are intended to be reference calculations of radiological impact, with which other
assessment biosphere calculations may be compared. Second, by adopting a series of progressively
more complex examples, they show the effect of increasing complexity in the assessment biosphere.
Third, it is intended that the Example Reference Biospheres (up to the stage of defining the
conceptual model, at least) will themselves be applicable in a wide range of assessment contexts. To
allow the important issue of data selection to be addressed, the Example Reference Biospheres
include calculations using numerical data.

Three 'constant' Example Reference Biospheres are being developed:

(a) ERB 1 Drinking water well intruding into a contaminated aquifer
(b) ERB 2A Irrigation well intruding into a contaminated aquifer
(c) ERB 2B Natural discharge from a contaminated aquifer

All three are intended as generic examples in so far as their development is not based on the
assumption of a specific location. Examples 2 A and 2B have an agricultural context. Eventually, these
Examples should include sub-examples covering different climate conditions; these will allow
exploration of some aspects of the non-sequential approach to representing environmental change.

'Sequentially changing' Example Reference Biospheres are also being developed, focusing on
the effects of climate change. In carrying out this work it was found to be difficult to make significant
progress while the site context remained generic. Accordingly, approaches to considering sequential
change are being explored in the context of two specific sites for which good information is available.
These Examples will probably not be taken beyond the conceptual model stage.

In all this work a key issue is how much detail to include in the models. While many features
events and processes (FEPs) could contribute to radiation exposure, for a reference biosphere it is
neither practical nor desirable that they should all be incorporated. Broadly, the aim has been to
produce a reference biosphere that includes all the important FEPs while, at same time, preserving a
level of simplicity that is consistent with a hypothetical model of the far future. The methodology
allows simplifying assumptions to be made while providing an audit trail to justify them.

4. CONCLUSIONS

It is expected that by October 2001 the IAEA will have published a series of documents
presenting the output of the BIOMASS Theme 1 project. These documents will present a
methodology that allows the logical and defensible construction of assessment biospheres for use in
repository post-closure safety assessments.

The documents will also present a series of Example Reference Biospheres. These
calculations are intended as practical illustrations of the application of the methodology but also as
useful assessment tools in their own right.
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