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BIOMOVS II

Preface

BIOMOVS II (BlOspheric MOdel Validation Study - Phase II) is an international
cooperative study to test models designed to quantify the transfer and
bioaccumulation of radionuclides and other trace substances in the environment. The
first phase of BIOMOVS was completed in 1990. The second phase, BIOMOVS n, is
due to cover the period from 1991-1996.

The BIOMOVS II study is jointly managed by five organisations:

• The Atomic Energy Control Board of Canada;

• Atomic Energy of Canada Limited;

• Centro de Investigaciones Energeticas Medioambientales y Tecnologicas,
Spain;

• Empresa Nacional de Residuos Radiactivos SA, Spain;

• Swedish Radiation Protection Institute.

The primary objectives of BIOMOVS II are threefold, namely:

1. to test the accuracy of the predictions of environmental assessment models
for selected contaminants and exposure scenarios;

2. to explain differences in model predictions due to differences in model
structure, modelling assumptions and/or differences in selected input data;

3. to recommend priorities for future research to improve the accuracy of model
predictions.

A secondary objective of the study is to act as a forum for the exchange of ideas,
experience and information in order to improve the confidence with which the
environmental behaviour of trace substances in the biosphere can be assessed
quantitatively.

This particular BIOMOVS II Technical Report is concerned with development and
justification of assumptions for modelling radionuclide migration and accumulation
in the biosphere, and the associated radiation doses to man, following release of
radionuclides from the geosphere due to disposal of solid radioactive waste in
repositories.

The views expressed in this report are those of the participants and not necessarily
the organisations they work for.
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BIOMOVS II

Development of a Reference Biospheres Methodology
for Radioactive Waste Disposal

Executive Summary

The BIOMOVS II Working Group on Reference Biospheres has focused on the
definition and testing of a methodology for developing models to analyse
radionuclide behaviour in the biosphere and associated radiological exposure
pathways ("a Reference Biospheres Methodology")- The basic features of the
methodology are shown in the following figure. The Working Group limited the scope
to the assessment of the long-term implications of solid radioactive waste disposal.
Nevertheless, it is considered that many of the basic principles would be equally
applicable to other areas of biosphere assessment.

The recommended methodology has been chosen to be relevant to different types of
radioactive waste and disposal concepts. It includes the justification, arguments and
documentation for all the steps in the recommended methodology. The previous
experience of members of the Reference Biospheres Working Group was that the
underlying premises of a biosphere assessment have often been taken for granted at
the early stages of model development, and can therefore fail to be recognized later
on when questions of model sufficiency arise, for example, because of changing
regulatory requirements. The intention has been to define a generic approach for the
formation of an "audit trail" and hence provide demonstration that a biosphere
model is fit for its intended purpose.

The starting point for the methodology has three components indicated at the top of
the Figure. The Assessment Context sets out what the assessment has to achieve, eg,
in terms of assessment purpose and related regulatory criteria, as well as information
about the repository system and types of release from the geosphere. The Basic
System Description includes the fundamental premises about future climate
conditions and human behaviour which, to a significant degree, are beyond
prediction. The International FEP List is a generically relevant list of Features,
Events and Processes potentially important for biosphere model development.

The International FEP List includes FEPs to do with the assessment context. The
context examined in detail by the Working Group assumes a requirement to calculate
annual individual doses arising from long term, release of radionuclides in
groundwater at an inland site. Though to a degree limited, this context is broadly
relevant to many assessments and so the FEP List may be useful as a generic starting
point for new model development or for auditing existing biosphere assessments.

An example illustration of how to apply the methodlogy has been provided, based
on the case description of the Complementary Studies Working Group of BIOMOVS
II. (The results of the Complementary Studies exercise are provided in a separate
BIOMOVS II Technical Report.) The application of the International FEP List to the
Complementary Studies case description has been examined.
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A major component of the methodology is the development of a conceptual model
from the available information about processes and the related data. Several
approaches are discussed, including "process influence diagrams", "event trees",
and the Rock Engineering System (RES) Interaction Matrix Methodology. The latter
was tested in some depth by the Working Group and found to be effective at helping
to distinguish the more and less important FEPs, and in identifying the important
interactions between components of the system being modelled.

An interesting feature of the interaction matrix methodology is that the FEP List
applied to the matrix construction process can be developed independently from the
matrix. If the matrix were to be developed by the same people as the FEP List then
there could be legitimate criticism that the matrix, and hence the conceptual models,
had been designed in a closed loop of assessment modellers. However, any issue can
be introduced by any interested party through the FEP List. The auditing step allows
these other issues to be introduced in model development and so forces the
assessment team to explain how the issues are to be dealt with. At the same time,
previous experience within the assessment team in modelling, radioecology etc, can
be readily incorporated. Iterative cross-checking of the interaction matrix and FEP
List contents is regarded as an important part of the procedure.

FEP Lists of the type referred to above can be developed for specific assessments, eg,
through applying the interaction matrix methodology. An example of the type of
software tool which can be used to maintain and extend a FEP List has been
developed within the Group. It is called BIOFEP and is described in an Appendix.

Detailed assumptions about migration and accumulation of radionuclides in
biosphere media with which humans interact will be strongly dependent upon the
assumptions which have to be made about the individuals or population groups for
whom radiation doses are being assessed. The Working Group has reviewed these
"critical group" assumptions and found considerable variability in both regulatory
specification and in performance assessments designed to meet regulatory objectives.
Consistency in approach to regulation and assessment is to be desired.

While the Working Group has been broadly successful in setting out an appropriate
methodology and providing useful input to model development in terms of FEPs and
application experience, further activities are recommended. In summary, these
involve further testing and augmentation of the methodology:

• to consider a wider range of basic system descriptions;

• to more fully develop conceptual models according to the
methodology;

• to examine other types of release from the geosphere;

• to develop principles for critical group definition;

• and to develop principles for applying field and other data in defining
parameters used in models to represent processes.

i n
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1, Introduction

Many different biosphere models have been developed to evaluate the consequences
of releases of radionuclides and other contaminants into the environment. The aim
may be to estimate radiological and other toxicological consequences to humans or to
other biota. The releases may be actual, for example routine releases from nuclear
power plants or they may have been the result of accidents. The releases may also
be hypothetical, for example postulated releases from planned nuclear installations
or from hypothetical accidents. The releases will be either into the atmosphere or
into aquatic systems (surface water or ground water). Soils, plants, animals and
humans will be indirectly contaminated.

Characteristics of the biosphere systems to be modelled cover a large range. Many
different environments are possible. The range of radionuclides that may be released
is potentially large, resulting in very diverse behaviour in the biosphere. Several
different exposure pathways may be important. Most sources of release are located
within the biosphere. However, a characteristic specific to geological radioactive
waste repositories is that contaminants are released from the underground into the
biosphere. Design concepts for radioactive waste repositories rely on a system of
multiple barriers to provide isolation of the waste from the biosphere. Nevertheless,
on a time scale of thousands of years and beyond, small quantities of mobile long-
lived radionuclides may be released from the engineered disposal system, ultimately
to emerge into the biosphere.

The biosphere does not itself act as a "barrier" between the waste and humans or
other biota. When a site has been chosen, the biosphere cannot be optimised as may
be the case with engineered barriers. However, certain features, events and processes
associated with the biosphere will determine the consequences of future releases.
The biosphere is therefore an integral part of the overall disposal system to be
modelled.

Primary criteria and goals for repository safety are commonly expressed in terms of
risk or dose, and a biosphere model is required to evaluate the corresponding
endpoints. Even when other indicators are used to express the safety goals, a
biosphere model is still needed to justify and explain those indicators.

Uncertainties in space,and time are a significant challenge for the performance
assessment of geological disposal systems designed to receive long-lived radioactive
waste. An important contribution to uncertainty arises from the fact that future
human actions have a strong influence on the radiological impact of any future
release. Future human actions may have an effect on, or be a response to prevailing
environmental conditions. However, prediction of future human habits is extremely
difficult, if not practically impossible with any useful degree of reliability. Thus, the
results of biosphere modelling should not be seen as predictions, but as "indicators
of safety" [IAEA, 1994]. In other words, safety assessments need to be able to
answer questions of the type, "If a postulated release from the geosphere were to
occur today would the consequences be acceptable?" Of course, assessments should
also aim to address as wide a range of relevant safety indicators as is practical.
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1.2 "Reference Biospheres", Model or Methodology?

In the past, differences have arisen between biosphere modelling approaches used
internationally for various reasons. In general, these differences have not been well
documented or explained. Given the uncertainties in modelling radionuclide
migration in the biosphere and potential radiological exposure pathways far into the
future, it has been suggested that a desirable approach to resolving such differences
might be through the adoption of a "reference biosphere" or a small number of
"reference biospheres". When the Working Group started, "reference biospheres"
were sometimes defined as "reference models". It was envisaged that these models
could then be used to derive conversion factors, expressed in terms of the radiation
dose, or risk, associated with unit release rates of various radionuclides. This
seemed desirable because an internationally agreed set of reference biosphere models
would seem of providing a consistent basis for comparison of performance
assessments for alternative disposal facility designs and locations. Faced with the
challenge of providing a practical application of that approach, however, the
BIOMOVS II Reference Biospheres Working Group (RBWG) faced several problems.

The Working Group noted that there were significant differences between existing
modelling approaches. The differences might be justifiable, but the justification is
not always obvious from the available documentation. Such differences can arise for
the following reasons:

• Although the same basic principles for the definition of repository
performance criteria are widely adopted, the documented regulatory
guidance varies greatly. Note, for example the variations in the details
on the definitions of critical groups, discussed in Appendix A2.

• Many different types of repository sites have been chosen or are
envisaged in different countries for different types of waste. They
include coastal and inland sites at various elevations in a variety of
bioclimatic zones.

• Because of the potential differences in sites and climates the
hydrogeological and hydrological situation and the geosphere-
biosphere interfaces at the different sites may vary greatly.

• Differences may also exist in safety concepts for different
repositories. The safety concept defines the relative importance, in
terms of barrier function or efficiency, which is assigned to the
different elements of the repository system. This often determines the
amount of effort devoted to the modelling of each of the components
in performance assessments. However, the safety concept will, in
general, be more important for the assessment of the engineered
barriers and the geosphere than for the biosphere assessment.

The RBWG noted also that it would be inappropriate to suggest a "reference model"
based solely on the use of existing models because:

• Many differences exist between modelling approaches (as is noted
above). The implications of these differences could not easily be taken
into account in the definition of a "reference model".
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• Several of the older biosphere models have been developed from
designs originally intended for other purposes than waste disposal
assessment.

• Different repository locations may require different model structures,
eg, a coastal repository would require consideration of the marine
environment, not normally necessary for an inland site.

The RBWG concluded that if a "reference model" were to be recommended, it would
still be necessary to provide a systematic justification for its composition and
structure. Furthermore, the Working Group decided, that the development of a
"reference methodology" for developing biosphere models would provide the tools
for this justification. A "reference methodology" would better address the problems
that lead to the idea of "reference models". In any event, a "reference methodology"
would have to be developed and agreed upon before a "reference model" could be
defined. The application of a "reference methodology" can be considered as leading
to definition of a "Reference Biosphere", as discussed in Section 1.3. It may be
argued that comparability between various safety assessments is reduced if the
methodology applied can lead to different "Reference Biospheres". However, the
adoption of a common methodology provides for a useful degree of appropriate
comparability without forcing use of common assumptions inappropriate for the
different situations being compared.

1.3 Scope and Objectives of the Working Group on Reference Biospheres

Noting the above, the RBWG adopted as its primary objective the establishment of
consensus on the development and application of a Reference Biosphere approach to
the evaluation of long-term radiological consequences of solid radioactive waste
disposal systems. Although consideration was limited to the long-term implications
of solid radioactive waste disposal, many of the basic principles should be equally
applicable to other areas of biosphere modelling. The intention is to define a generic
approach for the formation of an "audit trail" and thereby demonstrate that a
biosphere model is fit for its intended purpose. An "audit trail" can be defined as
the documented justification to an appropriate level of all aspects of the biosphere
models.

The RBWG decided [BIOMOVS H, 1995] to provide:

• A recommended methodology for biosphere analysis (a Reference
Biosphere Methodology) within the assessment of radioactive waste
disposal, which is consistent for different types of radioactive waste
and disposal concepts. This should include the justification,
arguments and documentation for all the steps in the recommended
methodology.

• An internationally developed and structured list of Features, Events
and Processes (FEPs), which can be used to support the development
of biosphere models for specific assessments.

• Example(s) of how to apply the methodology.

If these examples are developed in a suitably generic assessment context, they can be
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called generic "Reference Biospheres" and their applicability and limitations should
be identified. Such "Reference Biospheres" could be used eg: a) for generic site
independent evaluation of disposal plans; b) to provide sets of factors to convert
geosphere releases into doses or risks; c) as "stylised biospheres" (which might be
defined as a biosphere which contains only the essential FEPs); d) as benchmarks for
comparisons with other assessments; and e) as sources of detailed information on
biosphere modelling for waste disposal assessments.

The methodology for biosphere analysis developed by the RBWG described in this
report corresponds solely to the role of biosphere modelling in assessments of the
radiological impact of future releases from the geosphere, and not to the effect of
biosphere processes on the geosphere releases themselves.

1.4 Structure of this Report

Section 2 of this report describes the Reference Biosphere Methodology produced by
the RBWG. An important item in this methodology is the definition of a list of
relevant features, events and processes (FEPs) in the biosphere to be modelled.
Section 3 describes the "international biosphere FEP List". Appendix Al contains
the detailed FEP List and sets out how each FEP has been considered in the
illustration of the methodology and how participants in the BIOMOVS II
Complementary Studies exercise applied the list. The case description of the
Complementary Studies Working Group formed the basis for the "Example"
illustration of the methodology described in Section 4. (The full results of the
Complementary Studies exercise are described in BIOMOVS II [1996c]. Section 5
describes what the Working Group has achieved, which topics still need further
studies and some of the experiences of the Working Group.

The definition of the behaviour and habits of the hypothetical persons for which
dose or risk is to be calculated has significant consequences for the approach to be
chosen for biosphere modelling. A review and discussion of the treatment of critical
groups in national regulations and in documented assessments is provided in
Appendix 2.

In developing the methodology in Section 2, the Working Group has tested the
"Interaction Matrix" approach, developed originally in the framework of rock
engineering (Rock Engineering System or RES approach) for deriving conceptual
models. Appendix A3 contains the details.

Appendix A4 describes a software tool for managing a FEPs data base, BIOFEP.
Such tools are important in maintaining quality control of decisions on how FEPs are
to be taken into account in an assessment.

A list of persons and organisations which participated in the RBWG is provided in
Appendix A5.

2. Methodology

Biosphere assessment involves giving consideration to a diversity of factors, each of
which may have a significant bearing on the manner in which the system of interest is
modelled or the assessment is conducted. Factors relevant to the development and
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application of a biosphere model include, but are not necessarily limited to:

• characterization of the release at the geosphere-biosphere interface;

• dominant radionuclides in the release;

• assumptions regarding the future evolution of the biosphere at the site,
including the influence of human actions;

• the type of calculation required (eg, simple screening assessment or
detailed safety case development for comparison against regulatory
acceptance criteria).

In practice, it may be necessary to develop a biosphere model, or models, capable of
performing calculations for more than one assessment 'context', such as the need to
address a range of different categories of potential release for any given site. A
systematic approach to biosphere modelling is required in order to ensure that
potentially important factors are identified, providing assurance that the biosphere
model is fit for its intended purpose.

The methodology developed by the BIOMOVS II Working Group on Reference
Biospheres is designed to provide such a systematic approach. The Reference
Biosphere Methodology is intended:

• to ensure that models are developed in such a way that they deal
adequately with the demands likely to be placed on them;

• and to create a suitable audit trail, recording the basis for decisions
taken at each stage of the model-building process.

Core elements of the Reference Biosphere Methodology are outlined in subsection 2.1.
More detailed descriptions of the various steps involved and the way in which they
are designed to meet the objectives outlined above are then provided in subsection
2.2.

2.1 Principal Features

The system for biosphere analysis is based on following a series of steps that form a
progressive refinement of the assessment model under development. "This procedure
involves two general themes that persist throughout the development process:

(i) the updating and improvement of a description of the reference
biosphere system to be assessed; and

(ii) the systematic processing of a list of features, events and processes
(FEPs) that are considered to be relevant to radiological assessment
within that system.

The detailed steps identified by the Working Group for the development and
application of a biosphere model are depicted in Figure 2.1. It is appropriate to note
at the outset that model development is rarely a linear process.
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The linear set of steps provisionally suggested in BIOMOVS II [1994] is still pertinent
but can be seen as a simplification of what has been done or needs to be done in a
real assessment situation. The experience and expertise of those involved in model
building activities, along with their familiarity with the site(s) to be represented, will
influence the extent to which particular steps in the procedure may already be
developed from the outset In addition, the procedure itself inevitably involves a
measure of iteration (much of which is not shown, for simplicity, in Figure 2.1), to the
extent that information arising at later stages can influence or help to refine previous
steps. Hence, for example, the original classification of FEPs in terms of their
importance to the assessment may be altered by experience in applying an
assessment tool.

The Reference Biosphere Methodology summarized in the flow chart illustrates that
model-building is considered to begin with an initial formulation of the issue to be
addressed - the Assessment Basis. Three fundamental components of the
assessment basis are distinguished, as shown at the top of the flow chart. These are:

• the context of the assessment, expressing the various ingredients of
the problem to be addressed;

• a basic description of the system of interest, expressed in terms of its
spatial domain and constituents relevant to representation of the
biosphere in the long term;

• a comprehensive list of the FEPs that might potentially be relevant to
the problem, whether in terms of radionuclide migration and
accumulation in the biosphere or radiation exposures.

Having formulated the basis for development of the assessment tool, the next stage
is summarized under the title of Model Conceptualization. This is broadly conceived
in the Reference Biosphere Methodology as a progressive screening of the list of
potentially relevant FEPs to determine those that are appropriate for incorporation
in an assessment tool, given the overall context of the assessment and reference
biosphere system of interest. In addition, an understanding is developed concerning
the inter-relationships between those FEPs that are identified as being relevant to the
long-term representation of the biosphere. The end result of this process is therefore
a comprehensive description of the system under consideration and the way it has
been conceptualized for assessment purposes in terms of the model domain,
components and relationships between components.

The conceptual description then needs to be further developed to produce a Detailed
Specification for the biosphere model. This involves translating the verbal
description of the conceptual model into a mathematical description of the model
components and processes. Such a process entails the identification of parameters
relevant to the model, taking into account the degree to which those FEPs that have
been included on the basis of their relevance to the problem can properly be
characterized. At this stage, it is conceivable that more than one mathematical
model (or assessment tool) for the system may need to be developed in order to
address all possible issues of interest within the defined assessment context.
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Detailed specification continues through translation of the mathematical models into
an assessment tool, incorporating data bases that are relevant to the model
parameters. This will entail making reference to both generic and site-specific data,
which will in turn be linked to the basic FEP List and the overall system description.'

The three basic elements of the model development process as described above are
therefore:

• definition of the assessment basis;

• model conceptualization; and

• detailed specification.

Each of these elements is developed and described in more detail below. First,
however, a few points concerning the process are now highlighted.

The primary focus of the system developed by the BIOMOVS II Working Group on
Reference Biospheres is on those elements of model-building process that are specific
to long-term biosphere assessment. Less emphasis is therefore placed in the
methodology description on aspects of the model development process that are
associated with the refinement of mathematical and computer models. For example,
the requirement to provide an effective audit trail corresponding to software model
development is typically addressed through formalized Quality Assurance systems,
which are not peculiar to biosphere analysis.

By contrast, the process of model conceptualization is less well described in terms of
formal systems of prescribed procedures. Various alternative and complementary
procedures that met the general objectives for this stage of the model development
process were investigated by the Working Group. Specific attention was given to the
Rock Engineering System 'Interaction Matrix' methodology, the application of which
is described in Appendix A3.

Finally, it needs to be recognized that the degree of detail to be applied at any step
in the process may vary considerably in practice, according to the requirements of the
analysis being undertaken in any particular situation. The primary intention of the
RBWG in describing the methodology was to identify a systematic procedure to
ensure that biosphere models are developed in such a way as to be fit for the
intended purpose. Consequently, the overall methodology description focuses on
principles and requirements, rather than detailed specifications and instructions.

2.2 Reference Biosphere Methodology Description

2.2.1 Assessment Basis

Because of the wide-ranging uncertainties in space and time associated with the
long-term evolution of the biosphere and, in particular, the unknown influence of
future human actions, the process of model development for biosphere assessment
cannot simply be considered in terms of using best scientific judgment to simulate a
well-defined process system. Assumptions and hypotheses therefore constitute an
integral part of building a biosphere assessment tool.
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A fundamental aspect of confirming the suitability of a model is to demonstrate that
a consistent approach has been adopted throughout the process of model-building,
from initial formulation of the problem to be addressed, down to the detailed
specification and application of assessment tools. This demands that the overall
basis of the assessment is formally recognized and described. The Reference
Biosphere Methodology distinguishes three essential components of the assessment
basis, which are identified at the top of the flow chart in Figure 2.1. These are: the
context of the assessment, expressing the various ingredients of the issue to be
addressed; a basic description of the system of interest, expressed in terms of its
spatial domain and constituents relevant to representation of the biosphere in the
long term; a comprehensive list of the FEPs that might potentially be relevant
whether in terms of radionuclide migration and accumulation in the biosphere or
radiation exposures.

Each of these three elements is now discussed in more detail,

(a) Assessment Context

The background to, and requirements of, a biosphere assessment can have an
important bearing on how the range of different environmental features, events and
processes that are potentially relevant to that assessment are dealt with in a specific
model. In particular, the context of the assessment may play a key role in defining
the boundaries (both temporal and spatial) and components of the biosphere system
to be represented by the model.

Particular issues relevant to a definition of the assessment context are:

Purpose of the assessment - The general purpose of a biosphere model in
radioactive waste disposal assessment is to determine the radiological significance of
potential future discharges of radionuclides. In any specific case, however, the
purpose of developing and/or applying a model may vary from a simple calculation
to support disposal concept development to a detailed, site-specific performance
assessment against regulatory criteria in support of a disposal licence application.
The level of complexity and comprehensiveness required of a model will vary
according to the use to which it will be put. Account should also be taken of the
uncertainties in estimates of the biosphere source term at the geosphere-biosphere
interface.

Endpoints of the assessment - The structure and composition of a biosphere model
will tend to reflect the results that it is designed to evaluate. These, in turn, will
largely depend on the criteria (regulatory or otherwise) that are adopted to judge the
overall performance of the disposal system for a particular site, of which the
biosphere is a part Thus, for example, it may be appropriate that a model geared
towards the evaluation of individual risk to people (based on the identification of
critical groups) should differ from another designed to evaluate endpoints such as
collective dose, concentrations of radionuclides in environmental media or the
radiological impact on biota other than Man. Moreover, if limits are placed on the
timescale of the assessment, these may have a significant effect on the way in which
issues such as long-term environmental change are addressed in the model.

Repository system - The description of the process system to be represented in a
biosphere assessment model must be consistent with the known details of the
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disposal facility being considered, including the type of repository under
consideration. For example, the type of repository (depth, host rock etc), in
conjunction with other considerations regarding future evolution of the site (marine
erosion, glaciation, etc), will determine whether or not there is a natural cut-off to the
assessment timescale. Consideration of the performance of the repository system is
essential in determining the pathways for release to the biosphere and hence the
interface between any biosphere assessment tool and other models of system
performance.

Site context - The general location of a repository may have an important influence
on the likely pathways for release of radionuclides to the biosphere and the extent to
which factors such as climate and ecological change can influence the impact of such
releases. For example, an under-sea location may effectively provide a permanent
marine receptor for radionuclides released from the repository, whereas the
assessment for an inland mountain location may not need to address marine FEPs.
The site location will therefore tend to influence the degree of detail used in
representing particular elements of the biosphere system. The radionuclides
involved and the quality of information about chemical form on release from the
geosphere will also significantly influence the type and quality of the information
required to describe the biosphere system.

(b) Basic System Description

The second key element of the overall assessment basis is the development of a
fundamental description of the reference biosphere system, or systems, of interest.
Such a description expresses the assumed foundation for long-term representation of
the biosphere; in principle, it should, as far as possible, be considered independently
of any potential radionuclide input. This means characterizing future representative
biospheres in terms of their spatial domain (at the biome scale), the ecosystems that
they are assumed to incorporate (including the part played by human communities),
and their system dynamics.

In order to produce the biosphere system description, it is necessary to consider
various issues that together may be said to constitute the underlying premises of the
assessment approach. Such premises, whether expressly stated or implicitly
assumed, inevitably represent an important constraint on the way in which more
detailed assessment modelling develops. The experience of members of the RBWG is
that the underlying premises of a biosphere assessment are often taken for granted at
the early stages of model development, and can therefore fail to be recognized later
on when questions of fitness for purpose arise.

In particular, this means giving consideration to possible future ecological systems
and human communities, consistent with climatological changes and landform
developments that may be relevant over the timescale of the assessment.
Recognizing that such aspects of the basic system description will properly differ for
sites at different latitudes, different geographical locations and for different
assessment contexts, the Working Group did not consider it appropriate to make
specific recommendations for generic application of a single basic system description
in preference to other alternatives. Nevertheless, some of the main considerations
are identified here.

Process System Domain - The overall basis of assessment modelling is the concept
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of a 'process system' (ie, the collection of FEPs relevant to the system under
investigation), which is assumed to be influenced by 'external influences' or
'boundary conditions'. A key step in model development is therefore the division of
the generic FEP List into those FEPs that are assumed to lie within and those that lie
outside the boundaries of the process system to be modelled in the assessment. For
example, it is appropriate to consider whether environmental change can properly be
represented as an intrinsic process within the reference biosphere system or should
simply be treated in terms of external conditions imposed on the assessment model.
Key considerations are the strength of the knowledge base on which simulations of
the process system can be developed, and the need to integrate the biosphere model
with other components of the performance assessment.

General Climate Description - Simulations of future landforms and long-term
ecological change relevant to a particular site will inevitably be based to some extent
on speculative assumptions. Nevertheless, it is necessary to adopt a self-consistent
approach to considering the role of a principal influence on such evolution: that of
climate. Choices made in respect of modelling climate and its effects on the
environment may have a strong influence on the overall composition of the biosphere
model. The treatment of climate may range from the simple assumption of
present-day conditions to a full representation of smoothly varying climate
successions. Where climate change is addressed as part of the overall assessment
basis, the assumption is often made that the range of future climate states relevant to
the site of interest can be broadly categorized in terms of a small number of discrete
climate states. The definition of such climate change should be based on an
internally consistent scheme that does not exceed the boundaries of scientific
understanding and conforms to the approach adopted for modelling landform and
ecological change.

Future Human Actions - In developing an overall biosphere system description, it is
also essential to recognize the part played by human society in the definition of the
biosphere- A critical aspect of the assumptions underlying the overall assessment is
therefore the description of the behaviour of future communities in relation to the
environment. As with other aspects of the reference biosphere system description, a
self-consistent description of human society should be adopted in relation to defined
assumptions regarding climate, landscape, ecology and level of technological
development. As well as representing part of the overall system, such consideration
of human community behaviour is fundamental to the identification and definition of
critical groups necessary for the evaluation of potential radiological exposures. A
survey of approaches to the definition of hypothetical critical groups, which has
relevance to tike derivation of self-consistent descriptions of future human actions in
relation to the environment, is presented in Appendix A2 of this report. The
Appendix also considers the relationship between radiological exposure calculations
and compliance criteria for safety performance appraisal.

Reference Biosphere System Identification - The classification of the types of
environment that may be relevant at future times for a particular site will vary
according to the specified climate conditions and the assumed influence of human
activity for example, (see, discussion in SKI [1989]). As with climate state
definitions, broad-brush descriptions of biosphere types have often been adopted,
based on consideration of the site context and understanding regarding the
underlying processes of ecological change. Potentially relevant ecosystem types
include those relevant to natural and semi-natural, agricultural and urban or
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industrial systems. Within each broad landscape description at the biome level, it is
necessary to identify relevant environmental components and systems of exchange.
The identification and description of such systems should be internally consistent
and correspond to the assumed topographical and hydrological regime, taking
account of climate and potential human influences. Although this identification
process represents a significant element in defining the basis for long-term biosphere
assessment, there is a danger, as noted above, that it can be taken for granted at the
early stages of model development rather than being explicitly identified as one of
the fundamental premises of the assessment.

(c) List of Potentially Relevant Features, Events and Processes

A comprehensive list of FEPs that are of potential relevance to biosphere assessment
modelling is considered a fundamental element of the model development process.
As illustrated in Figure 2.1 (and described in subsection 2.2.2 below), model
development can be conceived in terms of the progressive screening of such a FEP
List, taking account of the overall assessment context and reference biosphere system
description. This allows a differentiation to be drawn between those FEPs, or
groups of FEPs, that will be addressed in model development and those that can be
excluded from further consideration. As a simple example, those FEPs that are
relevant to a marine environment may be excluded if the context of the assessment
and reference biosphere system description dictate consideration of only an inland
biosphere.

A particularly useful feature of a generic FEP List is that it should be based on a
logical structure, thereby providing an appropriate foundation for systematic
analysis or, if necessary, augmentation and further development. In particular, the
structure of the FEP List is important for enabling the interrogation of its contents
and to ensure that the list is appropriately comprehensive.

Various different approaches to structuring a FEP List are possible. Ultimately,
however, the logic should be readily apparent to the user. A concern sometimes
expressed with regard to the use of lists organized around taxonomic structures is
that they inevitably contain structural elements, representing groups of FEPs with
common attributes. If, however, the structure of the list is clear, there should be no
problem in screening the list to identify those FEPs that are actually required in
model building. Moreover, it can sometimes be desirable to consider groups of FEPs
at different levels of detail during different stages of the model development process
(eg, in screening out whole groups of FEPs from further consideration), and the
provision of structure will assist in promoting such an approach.

The extent to which increasing detail needs to be explored within the FEP List is a
matter of judgment. Attention needs to be given to providing clear definitions of
FEPs (and groups of FEPs) within the list; good supporting documentation is
therefore particularly important. Where appropriate, such documentation could
allow specific examples of a particular Feature, Event or Process to'be identified as
part of the FEP definition, rather than pursuing the structure of the list to a lower
level. This would be the case, for example, where there are a large number of
potential members in a particular group, such as types of flora relevant to natural
ecosystems, and there is no perceived need to identify all possible examples of that
group. It does not usually make sense to include only one example of a particular
group of FEPs at the next level in the structure.
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Based on these principles, the RBWG has elaborated an International FEP List,
which is designed for future reference purposes as a basis for biosphere modelling in
the context of radioactive waste disposal assessment. The International FEP List is
described in Section 3 and Appendix Al of this report. More details on the overall
structure are provided in Section 3.

2.2.2 Model Conceptualization

Once the assessment basis has been fully defined and documented, the next key
stage in the Reference Biosphere Methodology is the development of a conceptual
model for radionuclide migration and transport (and, where necessary, radiation
exposure) within the reference biosphere system under consideration. The RBWG's
working definition of a conceptual model for biosphere assessment is the description
in words of three main ingredients: the model domain - its scope of application in
spatial and temporal terms; the identification and definition of the basic elements
that comprise the individual components of the model the relationships between the
model; and components, expressed in terms of their interactions and constituent
features, events and processes.

A description of scope, or domain, of the model is necessary in order to record the
assumptions under which it has been developed and the situations to which it
applies. For example, the spatial domain is an important consideration in
representing boundary flux processes, both in terms of the source term of
radionuclides released into the biosphere and potential losses from the biosphere
system. Restrictions may also be placed on the model in terms of, for example, its
consideration of specific types of hydrological regime or its limitation to, say, a single
catchment area. In addition, a biosphere model may not be able address
time-dependent considerations or may only be appropriate to one particular set of
climate conditions. Definition of the model scope, based on consideration of the
assessment context and reference biosphere system description, is therefore
important in ensuring fitness for purpose and avoiding inadvertent use of the model
outside its intended domain of applicability.

As illustrated in Figure 2.1, the procedure for identifying conceptual model
components and relationships between components is broken down into a number of
basic steps:

• Screening of the generic FEP list;

• Identification of relationships between FEPs;

• Description of the conceptual model.

It is important that, throughout each of these steps, a record should be maintained of
those FEPs that are to be retained as part of the conceptual model and those that
have been excluded from further consideration. The reasons for including or
excluding FEPs from the model should be recorded. This provides an audit trail for
conceptual model development and allows such decisions to be revisited later, eg, on
the basis of experience and results from preliminary assessment calculations.
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(a) FEP Screening

This involves a systematic analysis of the complete generic FEP List and answering
for each FEP the question of whether or not it is relevant to the assessment tool.
Initial screening of the list can take place on the basis of the defined assessment
context and basic system description. One example of initial screening has already
been referred to above: FEPs that are relevant only to a marine environment may be
excluded if the context of the assessment and reference biosphere system description
dictate consideration of only an inland biosphere.

More detailed screening may take place as the conceptual model is developed. For
example, once relationships between all potentially relevant FEPs have been
established, it may be possible to exclude some on the basis that they are
insignificant by comparison with other components of the model. Alternatively, it
may be possible to demonstrate that some FEPs, or groups of FEPs, are only relevant
in particularly extreme circumstances. These might potentially be ruled out from
further attention either by reference to the assessment context (ie, excluded as being
irrelevant by definition) or by relegating them to consideration in supporting models
outside the primary assessment tool.

If it is judged that any FEP is not relevant to the assessment model, a record is made
of the reasons for excluding it from further consideration. Depending on the
circumstances in which the model is developed, it may prove appropriate to screen
the FEP List in a 'top-down' fashion, allowing for groups of FEPs to be excluded, if
appropriate, on the basis of a single justification.

The overall results of the screening process are:

• a list of relevant FEPs; and

• a list of non-relevant FEPs and the reasons for their exclusion from the
model.

(b) Identification of FEP Relationships

As noted above, a conceptual model can be broadly described as a set of basic
modelling elements and a description of the relationships between these components.
In the development of conceptual models, it is inevitable that the experience and
expertise of those involved in the FEP analysis will influence the extent to which such
relationships may have been assumed from the outset. For example, it might be
possible in principle to develop a biosphere model solely on the basis of describing
the transport of radionuclides in its aqueous, organic and mineral components. In
practice, experience has shown that a more practical approach is to divide the
biosphere into composite spatial elements, with the different components of these
elements dictating rates of radionuclide migration and exchange.

It is worth noting that whereas experience can be particularly useful in terms of
promoting the more rapid development of practical models, it can also lend a bias
towards a particular (and possible inappropriate) modelling approach. These
concerns are relevant to all model development activities, but are particularly
important given the complexity of the biosphere, especially when future evolution is
taken into account. Such biases are not necessarily explicitly recognized by those
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taking part in the model development process, which reinforces the importance of
justification and documentation for the decisions that are taken.

One of the major difficulties with conceptual model development for the biosphere is
the large number of FEPs that need to be screened and classified, which tends to
limit the practicability of systematic methods. An event-tree approach is systematic,
but in the experience of some users has been found to be slightly cumbersome and
potentially too rigid, since classical methods allow only for binary (yes/no)
variations to describe relationships. Influence diagram approaches are useful for
investigating detailed relationships and can be supported by extensive referencing
systems; however, the complexity of influence diagrams can be a major limiting
factor in obtaining an overview and identifying the most important interactions.

The RBWG put considerable effort into testing the applicability of the Rock
Engineering System (RES) Interaction Matrix approach, as described in Appendix A3
of this report. This is similar in principle to an influence diagram but has potential
advantages in terms of its compactness, which imposes various disciplines that help
to develop clarity of thinking. Use of the RES Interaction Matrix approach is not
intended as a comprehensive methodology for model development; indeed, it tends
to depend on the a priori definition of key model components on the basis of expert
judgment. The identification of these elements inevitably involves a degree of
conceptualization of the process system at an early stage, before the systematic
methodology is put into practice. Within the matrix system these elements are not
considered to be FEPs, as such, but as 'entities' that interact with one another
through the actions of different FEPs.

The RBWG was not able to recommend a single, tried-and-tested method for
identifying FEP relationships. It was concluded that the RES Interaction Matrix and
any other methods for defining and describing FEP relationships can perhaps best be
described as 'thinking tools' to aid the development of assessment models.
Conceptual model development will always necessarily involve a combination of
expert judgment, combined with quantitative and semi-quantitative analysis.

One output from the analysis of FEP relationships may be the identification of new
FEPs that need to be added to the generic FEP List. As a general rule, however,
whereas new FEPs may be added to augment the list, existing FEPs, once included in
the generic list, cannot be removed. Note that removal of FEPs from the list, which is
not generally permitted, is distinct from the 'screening out' of FEPs from further
consideration, which is a fundamental part of the model development process. The
distinction is important. For example, the assessment context may be changed as a
result of changes in regulatory requirements. This means revisiting all the assessment
assumptions. Essentially, the documentation needs to be sufficient to allow a FEP to
be screened back in again if changed circumstances require it.

(c) Description of the Conceptual Model

As noted previously, the output of Model Conceptualization needs to be
documented in terms of a description in words of three main ingredients:

• the scope of the model's applicability;

• the identification, justification and definition of the basic elements
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that comprise the relationships between the model elements;

• constituent features, events and processes.

Each of these should be described by reference to the overall assessment basis
specifically the defined assessment context and the reference biosphere system
description(s) adopted as a basis for long-term assessment. Very clear identification
and description of the assessment endpoints is required, especially with respect to
definition of the critical group. Supporting the conceptual model description should
be a record of the FEP screening process, illustrating how comprehensive
consideration was given to all potentially relevant features, events and processes. It
is possible that, for a given assessment context and biosphere system description,
more than one conceptual model may be appropriate. This would be the case, for
example, if it were deemed necessary to develop separate conceptual models for
different categories of release to the biosphere (eg, gaseous releases and normal
ground water discharge).

2.2.3 Detailed Model Specification

Following definition of a conceptual model, or model(s), relevant to the assessment
context and biosphere system under consideration, the final step in the Reference
Biosphere Methodology is the development of an assessment tool based on the
mathematical representation of such models. This involves, among other things,
giving consideration to the availability and interpretation of data that can be used to
support the mathematical models. As was noted at the outset, much of the process
of mathematical model and software development is not specific to biosphere
assessment; the requirement to provide an effective audit trail can typically be
addressed through generic Quality Assurance systems, which are not limited to
biosphere analysis. Nevertheless, consideration is given here to some of the factors
relevant to the development of reference biosphere assessment tools.

(a) Mathematical Representation and Parameter Identification

The development of a mathematical specification essentially involves giving
consideration to two basic elements of the model:

• the mathematical operations that process information provided via
model parameters;

• the sources and routes of information transfer into, and out of, the
model.

Mathematical representation of the conceptual model will depend on a process-level
understanding of the ways in which FEPs can be interpreted in modelling terms. This
should make use of the best available scientific understanding of biosphere processes
and their long-term importance to radiological assessment. Specific constraints, such
as the exclusion of non-linear relationships, may be set by the preferred solution
method for the model. This, or other constraints on the representation of particular
effects or processes, can potentially lead to a revision of the list of FEPs that are to
be included within the model - for example, separate approaches may need to be
considered for certain processes that cannot otherwise be addressed.
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In practice, the mathematical representation of the process system will often be
based on an empirical understanding of the system-level effect of more detailed
processes. One example is the uptake of radionuclides into biota, which is typically
represented in terms of a bioaccumulation factor. It is important recognize where a
particular mathematical model, perhaps described in terms of a single empirical
factor, in fact represents a combination of different FEPs that may have been
identified within the conceptual model. Where this is the case, care needs to be
taken to avoid double-counting the effects of certain processes or, conversely, the
inadvertent exclusion of potentially relevant FEPs.

In the course of developing the mathematical model, or models, a list of parameters
relevant to the calculation will be identified. Each of these, and their specific
meaning within the context of the model, should be documented in order to provide a
basis for establishing the necessary model data bases.

(b) Software Design and Parametric Data Bases

The process of software design, based on a given mathematical specification involves
giving consideration to relevant data and process structures and developing
appropriate solution algorithms. Software design should properly be conducted
within an appropriate software Quality Assurance system in order to provide an
audit trail for the software tool that is ultimately developed. However, one key
element of the software design process that is not typically controlled by such formal
procedures for the development of assessment tools is the way in which parametric
data bases of set up and used within the model.

It has been shown elsewhere during the course of BIOMOVS II [1996a, b, c] that the
construction of model databases and interpretation of data, including the definition
of uncertainty bounds on parameter values, is a particularly important factor
contributing to differences in the results of biosphere models. Whereas the derivation
of assessment-specific parameters from a wider data base of basic biosphere
information is a general issue in environmental modelling, it is a particularly
important consideration in the context of long-term biosphere assessments.

Relevant factors include: the definition of 'effective' parameters for long-term
modelling, for example in order to represent the cumulative influence of a number of
discrete events (eg, rainfall) as an effective time-averaged process according to the
timescale used within the model; the derivation of effective parameters consistent
with the temporal and spatial scales of an assessment model, based on data that
may originally have been obtained at a different scale. Hence, for example,
uncertainties associated with spatial or seasonality variability on a field plot need to
be understood in the context of the averaging implicit in the definition of model
domains. When choosing the data source to be used for parameter definition (i) the
relevance of particular sources within a specific assessment context (site, climate,
etc) and (ii) the assumptions, particularly those made regarding definition of the
hypothetical critical group, should be taken into account. A further important factor
is the management of uncertainty from different sources and the way in which such
uncertainty is assigned to parameter values used in assessment models.

(c) Assessment Tool and Assessment Results

Notwithstanding the importance of developing a suitable audit trail at each stage in
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the model-building process, it is particularly important that any lessons learned in
applying the model and interpreting its results should be used to revisit assumptions
and decisions made during the course of model development. It is likely that such
information can be used to refine the model, perhaps by identifying particularly
important FEPs or sensitive parameters. The importance of the methodology
therefore continues after the assessment tool has been developed in so far as,
contrary to past experience in the development and application of biosphere
assessment tools, there should be a well-defined basis for each of the decisions taken
during the model-building process.

It could be claimed that the basic system description, which in the methodology
description outlined above forms one of the cornerstones of the assessment basis, is
strictly speaking a 'Reference Biosphere'. However, for practical purposes, it is the
assessment tool produced as a result of each of the steps illustrated in Figure 2.1
that represents the overall objective of the Reference Biosphere Methodology. Having
justified the overall assessment approach, any challenge to the model can therefore
be traced through to its implications for the assessment tool and, hence, the
assessment results. The developing methodology can therefore be seen as a 'living'
approach for incorporating new information into biosphere assessments, taking
account of growing experience in using the models, new scientific understanding and
evolving regulatory requirements.

3. International Biosphere FEP List

Section 2 highlighted the relevance of a comprehensive list of FEPs and discussed
issues arising when trying to establish a structure and an adequate degree of detail
for the FEPs finally to be included in the list.

A review is provided below of how the issues arose and the consequent implications
for FEP List development.

From the first "Brain Storming" List produced in 1993, the structure has been
changed according to new inputs and according to the requirements of the developing
methodology. Several different structures have been considered since 1993 and all of
them added something new to the progress of the Working Group. See discussion in
BIOMOVS [1994]. The FEP List evolved in parallel with the procedures for
conceptual model development.

Up to the middle of 1995 as much information was incorporated into the List as
appeared practical. In effect, any idea or concept mentioned was included, and not
necessarily only real Features, Events and Processes of the biosphere. Examples of
so-called "unreal" FEPs included items to do with criteria and radiological
endpoints. These are not features of the biosphere itself, but features of the
assessment which might normally be expected to be defined by the assessment
context. This means that the FEP list has been produced in a very broad context.

Each FEP can be considered in more or less detail; it may be appropriate to aggregate
two or more FEPs under a single FEP already in the List (eg, "inhalation" as an
exposure process could be considered to include "inhalation of air" and "inhalation
of smoke"). A major problem arises in deciding when to stop adding more structure
to the hierarchy. Sometimes it can be justified from previous modelling exercises.
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The degree of detail appropriate could be decided in a specific assessment situation
by testing with model calculations and determining when no further variation in or
increased confidence in results is achieved with more detail. (See eg, BIOMOVS
[1996b]).

The FEP List was changed to its current structure given in Appendix Al when
consideration of conceptual biosphere modelling started within the RBWG. It was
realised that a considerable fraction of the process system FEPs were really
assessment FEPs or system description FEPs.

As a demonstration of how the FEP List can be used in the conceptual model
development, see Appendix A3 for the application of the RES Interaction Matrix
Methodology to the Biosphere. Once the Interaction Matrix is built a procedure can
be followed to check how the interactions between main components of the system
are considered in terms of FEPs and vice versa. Trial application of the Interaction
Matrix methodology resulted in considerable modification of the developing
international FEP List. In addition, it was found to be very useful in determining the
relative importance of FEPs, in the context of deciding what to include in the
conceptual and mathematical model.

The present International Biosphere FEP List is given in full in Appendix Al , in
which the basic structure in terms of Features, Events or Processes is set out. The
degree of detail provided is not expected to be sufficient for a comprehensive
performance assessment. However, given the broad scope of the context which the
FEP List addresses, it is hoped that this represents a useful starting point for anyone
developing a specific biosphere assessment model or who wishes to audit their own
existing FEP List.

Appendix A4 contains the description and user's manual of a software application
tool (BIOFEP). The FEPs data base information and the FEP List structure are both
implemented in this tool. All this information can be managed through a graphical
user interface developed with a ToolBook software tool.

Further consideration of FEP interactions, eg, through use of an Interaction Matrix,
may result in additions or modifications to the FEP List. There should be a complete
mapping between FEPs and their inclusion in the Interaction Matrix, or their
exclusion with documented reasoning. (See Appendix A3.) Tools such as BIOFEP
can be used to maintain an evolving FEP List and can certainly contribute
significantly to a verifiable audit trail of decisions on FEPs.

4. Example Application of Methodology

4.1 Introduction

This Section provides an illustration of the Reference Biospheres Methodology
described in Section 2. Note that the modelling details included in the illustration are
typical of what is used in repository performance assessments.

The RBWG decided to apply its Methodology to the case description of the Working
Group on Complementary Studies. This means that, wherever possible, the same
input assumptions had to be made for this illustration as for the model calculations
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carried out by the Complementary Studies Working Group.

Between this illustration and the application of the methodology to a real
assessment, differences will naturally exist. A major difference is that, in the
illustration, arbitrary decisions had to be made which would need technical
discussion and justification in a real assessment, for instance, concerning repository
type and location.

The RBWG tested the upper part and the Working Group on Complementary Studies
the bottom part of the steps in Figure 2.1. That is: all steps as far as "Textual
Description" (which is the conceptual model) were tested in Reference Biospheres.
Complementary Studies dealt with the steps from "Mathematical Description" to
"Results" including the definition of "Generic" and "Site Specific Databases"
[BIOMOVS II, 1996c].

4.2 Steps Followed

4.2.1 Assessment Basis

The illustration assumptions are set out below along with some possible alternatives.

(a) Assessment Context

Purpose of the Assessment

The purpose of the assessment has been defined as being an illustration of the
Methodology developed by the RBWG to demonstrate compliance with the
radiological criteria defined below.

Endpoints of the Assessment

For the illustration the following assumptions were made:

• the annual dose to an individual is to be calculated;

• this individual is an average member of a hypothetical critical group;

• critical means: receiving the highest dose with respect to location and
time;

• there is no limit on the time to be considered in the assessment.

For the illustration it was assumed that only doses to adults would be calculated.
Dosimetry was taken from the recommendations of the International Commission on
Radiological Protection, as discussed in BIOMOVS II [1996c]. Concentrations in the
environment were to be calculated as intermediate results, but were not endpoints.

Examples of alternative assumptions for the endpoints (which were not made for the
illustration) could include:

• risks instead of doses to be calculated;
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• a lifetime instead of annual dose or risk;

• collective instead of individual dose or risk;

• critical could also mean critical with respect to habits, as well as
location and time;

• doses to biota other than humans could be considered.

Any of these alternative assumptions could have a significant influence on the
biosphere modelling required.

Repository System

Most assumptions concerning the repository system have been adapted to the
Complementary Studies case description. These are:

• about waste: first priority for spent fuel (all participants had an
interest in spent fuel, several also in vitrified high level waste),
although this limitation has little effect on the definition of the
illustration;

• deep geological disposal is assumed: other disposal types would not
be applicable for spent fuel; the seabed option was excluded because
it has been thoroughly studied in the Nuclear Energy Agency "Seabed"
Working Group [NEA, 1988];

• type of release mechanism: release and transport into the biosphere by
groundwater.

Alternative assumptions, which were not included, could be:

• gaseous releases;

• human actions that could cause another release mechanism: this was a
consideration of the NEA working group on "Future Human Actions"
[NEA, 1995];

• erosive release of contaminated geosphere material; erosion of
repository contents from deep geological disposal into biosphere
would only occur after very long periods.

Site Context

The location of the repository was assumed to be at an inland site (all participants
are interested in an inland site, several also in a coastal site; therefore an inland site
had first priority). Because it was decided to use as much as possible of the case
defined by the Working Group on Complementary Studies, the site is representative
of a valley in a mountainous region.
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(b) Basic System Description

Process System Domain

Climate and topography changes were not included in the process system. They were
considered as external factors and to be constant in time.

General Climate Description

During the release of radionuclides from a deep geological repository significant
changes in climate are to be expected. Different (simplifying) assumptions can be
made. For the illustration it was assumed (consistent with the Complementary
Studies test case) that present climate conditions prevail continuously. This is the
assumption for which the most information is available concerning the characteristics
of the climate, biosphere, hydrology, agriculture and radionuclide transfer in food
chains.

Alternative assumptions would be:

• a variety of different climates, each of which is constant in time;

• transitions between different climates;

• sequences of different climates.

Future Human Actions

An agricultural community was assumed, which produces 100% of its needs locally.
The persons living in this community stay 100% of the time in their community. The
area considered for the assessment is sufficiently large to enable the existence of such
a community. These assumptions assure that doses are not reduced by dilution with
products from uncontaminated areas, nor by time spent in uncontaminated areas.

It is to be recognised that real, 100% self-sustaining communities, if they ever existed,
have always been rare. However, agriculture in many areas was to a significant
extent based on self-sustaining systems during recent centuries. The use of the semi-
natural and natural environment was much more important than at present. In many
countries, self-sustaining agriculture and the use of natural and semi-natural
environments is still important for a significant part of the population. Although not
always in the form of self-sustaining agriculture, the use of natural and semi-natural
environments is still a common practice all over the world.

Reference Biosphere System Identification

Humans use several types of environments to resource their existence. Under "Future
Human Actions" agricultural, natural and semi-natural environments have been
mentioned. In addition, urban and industrial environments are created and used by
humans. For the illustration, urban and industrial environments were not taken into
account because this would not be consistent with the assumption of a self-
sustaining agricultural community. Although agricultural, natural and semi-natural
environments should be taken into account, only the agricultural environment was
included in the illustration, because self-sustaining agriculture uses agricultural, semi-
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natural and natural environments. However, only a limited amount of data are
available for natural and semi-natural environments, mainly for Cs and Pu. The
boundaries between natural, semi-natural and agricultural environments cannot be
defined unambiguously.

(c) List of Potentially Relevant FEPs

The biosphere features, events and processes (FEPs) which are potentially relevant
for the performance of the system have to be identified. The "International Biosphere
FEP List" that has been developed by the RBWG formed the basis.

4.2.2 Model Conceptualisation

(a) Screening of the Generic FEP List

The screening involved answering for each FEP the question whether the FEP is
relevant for the assessment or not and if not, why. In completing this screening
process new FEPs were identified and added to the International Biosphere FEP
List. The results of the screening are presented in Appendix A3. A similar exercise
was carried out by participants in the Complementary Studies exercise. The
International FEP List was screened against the models used and the results for
whether the FEPs were included or excluded are given in Appendix 1.

(b) Identification of Relationships Between FEPs

To identify the relationships between the FEPs the RBWG has tested the RES
Interaction Matrix approach. Accordingly, all the FEPs in the FEP List were
associated with either major features of the biosphere system (in leading diagonal
elements of the interaction matrix), or with particular interactions between these
major features (in off-diagonal elements of the matrix). The construction of the
interaction matrix indicated where and how the geosphere-biosphere interface would
influence the assessment. It showed effects of the geosphere on the biosphere as well
as potential effects of the biosphere on the geosphere. The latter have not been
considered further here. In a real assessment treatment of geosphere and biosphere
should, of course, be consistent. Details are to be found in Appendix A3. It is not
assumed that the level of documentation and detail provided would necessarily be
sufficient for a regulatory performance assessment.

(c) Description of the conceptual model

The relationships identified in the last step can be presented as a verbal description
of how the events and processes influence the biosphere system and the endpoints of
the assessment. This step has not been tested by the Working Group. Instead, the
degree of agreement between the conceptual model that formed the basis for the test
case of the Working Group on Complementary Studies with the definition of the
illustration of the Reference Biospheres Methodology was evaluated."

4.2.3 Detailed Model Specification

The Working Group on Complementary Studies specified the detailed biosphere
system and mathematical model. It included the definition of the FEPs that should
be included, and the specification of parameter values and their probability density
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functions. The mathematical representation, software design and specification of
parameters not provided in the case description were a task for the individual
participants. Agreements and differences have been evaluated and reported in the
Technical Report of the Complementary Studies Working Group [BIOMOVS II
1996c].

5. Conclusions

5.1 Overall Progress

The BIOMOVS II Working Group on Reference Biospheres has, for the reasons given
in Section 1.2, focused on the definition and testing of a methodology for developing
models to analyse radionuclide behaviour in the biosphere and associated
radiological exposure pathways ("the Reference Biospheres Methodology"). The
Working Group limited the scope to the assessment of the long-term implications of
solid radioactive waste disposal. Nevertheless, it considered that many of the basic
principles would be equally applicable to other areas of biosphere assessment. The
intention was to define a generic approach for the formation of an "audit trail" that
could be used to demonstrate that a biosphere model is fit for its intended purpose.
An "audit trail" can be defined as the documentation with the justification of all
details of the biosphere models.

As was decided in the Interim Report [BIOMOVS, 1995], the Working Group has
produced:

• A recommended methodology for biosphere analysis within the
assessment of radioactive waste disposal, which is consistent for
different types of radioactive waste and disposal concepts. This
includes the justification, arguments and documentation for all the
steps in the recommended methodology.

• An internationally developed and structured list of Features, Events
and Processes (FEPs), which can be used to support the development
of biosphere models for specific assessments, but also to audit
existing biosphere assessments.

• An example illustration of how to apply the methodology.

5.2 Experiences in Testing the Recommended Methodology

Figure 2.1 illustrates the methodology, which involves three major themes:

• The updating and improvement of a description of the biosphere
system to be assessed.

• The establishment of the assessment context in a clear and concise
manner.

• The systematic processing of a list of features, events and processes
(FEPs) that are considered to be relevant to the radiological
assessment within that system, including reasons for excluding FEPs.
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Testing the methodology showed that it is very efficient and straightforward. Once
the assessment context is defined, further decisions on what to include and what to
exclude and the justification thereof follow logically.

Only one of the available approaches to develop a conceptual model from the
relevant FEPs and their interactions was evaluated. The Working Group tested, with
positive results, the RES interaction matrix methodology. The major features of the
biosphere system are written in the diagonal elements of a matrix. All interactions
between the items in the diagonal elements are written in the off-diagonal elements.
Then the relevant FEPs in the FEP List are attributed to the elements of the matrix.
Comparison of the FEPs in the FEP List with the FEPs that can be attributed to the
fields in the interaction matrix indicates omissions both in the FEP List and in the
interaction matrix. The interaction matrix approach identifies the relationships and
interactions between FEPs. Development of models from the RES matrix was not,
however, completed.

The experience showed that the assessment context strongly effects the modelling
approach. Particularly the site-specific information and the definition of the critical
group determine which FEPs are to be included in the modelling.

The Working Group on Reference Biospheres also did not test the step from
conceptual model to mathematical code. However the Working Group on
Complementary Studies formulated a test case for which the participants used
existing, or developed special mathematical solutions and codes. The two Working
Groups in cooperation evaluated which FEPs were included in the definition of the
test case and which by the individual participants. This approach can be considered
to be a "reverse method".

Both Working Groups paid little attention to the problem of defining suitable data
bases for the biosphere models. Although this can be considered to be a specific task
for each project a significant effect of the assessment context on the choice of data
bases is to be expected. In particular the definition of the critical group will be
important

5.3 Experience of the Working Group: Non-Technical Aspects

Besides the technical results and conclusions of the Working Group, some non-
technical and philosophical experiences of Working Group may be worth mentioning.

The assessment terminology in use and definitions applied have commonly caused
confusion and misunderstanding. An every-day analogue of this problem is the
definition of where to put a suitcase in a car (automobile); in the USA you put it in
the trunk, in the UK in the boot; however, faced with a suitcase and a car the
solution is simple, even without knowing the words boot or trunk. The various
authors of this report apologise to the extent that inconsistency in terminology is
noticeable in this report and for the confusion this causes to the reader. The exercise
of defining "Reference Biospheres" has given a clear example that the same words
often have a different meaning and different words the same meaning for different
persons. Not only is this the case for those groups who have English as a second
language, but also for groups that have English as their Mother Tongue. This problem
is particularly pronounced in more philosophical exercises such as the RBWG had to
undertake, where precision in language is of greater importance than in the more
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numerical Working Groups. Astonishingly, it seems that to construct a biosphere
model is a much easier task than to define and document what the aim and endpoint
of the biosphere model should be, as well as to document the principles of how to
construct the model. Nevertheless, if the assessment process is to be transparent,
and if different models are to be compared, the principles for model construction
must be documented. This problem is far from unique to the biosphere part of
repository performance assessment.

That the construction of the biosphere model did not cause major problems became
apparent during the definition of the international Biosphere FEP List and during the
application of the Reference Biospheres Methodology in the illustration. The RBWG
recommends the application of the Methodology despite the possible inconsistencies
and different possible interpretations of the wordings in this report. Experience
shows that doing the work is easier than describing it.

International cooperation has been effective and has had positive consequences for
the participants. It has resulted in improved modelling, fewer implicit assumptions,
and better justification of inclusion and exclusion of FEPs. Furthermore, a widely
relevant list of Biosphere FEPs has been produced which can be used as a starting
point for future assessments or to audit existing models.

5.4 Recommendations for Further Work

5.4.1 Testing and Augmentation of the Methodology

The RBWG has completed the main parts of the originally defined aims as discussed
in the Sections 5.1 and 5.2. However, two steps of the methodology should still be
tested in detail:

• The application of the interaction matrix (RES) approach leads to the
identification of the relevant FEPs and the relationships between
them. However, a written description of the biosphere to be modelled
has not been generated. This description is defined as the conceptual
model. Although this step probably will not be difficult, it has not yet
been fully tested.

• Parameters in the conceptual model can be identified. This has been
done by fhe Working Group on Complementary Studies. This Working
Group has also defined deterministic values and probability density
functions for these parameters. However, the consistency between the
definition of the FEPs in the Illustration of the Methodology and the
choice of parameter values, or PDFs, has not been checked.

Furthermore the RBWG recommends further studies to refine the Reference
Biospheres Methodology. These concern:

• Principles for the definition of critical groups. Appendix A2 reviews
the definitions of critical groups in different regulatory guidelines and
in published assessments. It also gives suggestions for defining critical
groups. Appendix A2 is intended as a starting point for further
discussion of the principles involved. The Working Group strongly
recommends that this discussion is developed further.
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• The definition of criteria for the construction of databases. Results
from measurements and observations need screening, interpretation
and adaptation before they can be included in biosphere databases
suitable for the assessment of solid radioactive waste disposal. In
particular, the temporal and spatial variability of the data should be
taken into account in defining data bases for assessments. The spatial
and temporal scales defined by the assessment context depend on the
size of the critical group, and on whether an annual dose, an annual
dose averaged over a lifetime, a life-time dose, or the respective risks
have to be calculated. This spatial and temporal scale differs from the
scales of experiments and field measurements. It is strongly
recommended that principles or guidelines for the collation of
databases are defined.

The Working Group also recommends testing the Methodology for situations other
than the case described in the illustration.

• Concerning the site, in addition to the inland valley in the illustration,
coastal regions, plains, etc could be taken into account;

• Concerning climate, in addition to the present, central European,
temperate climate, boreal, tropical, Mediterranean, etc could be
included;

• Concerning the definition of a critical group: in addition to a self-
sustaining agricultural community (which existed in the past in central
Europe), hunters, communities in other than central European
climates, etc could be included;

• In addition to release as solutes, releases in gaseous form and as
solids (eg, from erosion, human intrusion) could be included.

In addition to the implementation of the methodology to a broader range of
situations, it is recommended that the Methodology be augmented by considering for
instance:

• Transitions between climates;

• Landscape evolution (changes caused by climatic processes, humans,
etc);

• An evaluation of the importance of different exposure pathways in
various contexts.

5.4.2 Identification of Parameters for the Relevant FEPs

The Working Group on Complementary Studies identified the parameters that are
related to the FEPs in the FEP List relevant to the Complementary Studies case
description. The method for this parameter identification needs to be better
documented. For topics not yet included in this Example (eg, concerning other
locations, climates, critical groups and release types) the parameters still have to be
identified. However this cannot be initiated before the relevant assessment contexts
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have been defined.

A further task could be to define the parameters for each alternative, for example by
describing the relevant processes. Two aspects are important: a) the parameters
should represent real physical, chemical and biological features; and b) at the same
time the parameters should relate to measurable quantities so that parameter values
can be derived as input data.

5.4.3 Input Data

The Reference Biospheres Example was defined so that it could include the case
studied by the Working Group on Complementary Studies. The data used for the
calculations by the participants in the Complementary Studies were derived for
present-day agriculture, which is mechanised and uses significant amounts of
fertiliser and pesticides. The data are, therefore, as noted previously, not consistent
with the concept of a self-sustaining agricultural community. Although some data are
available for such a community, these data have not yet been transformed into a
database suitable for assessments of radioactive waste disposal. The type of data
required has been defined by the Working Group on Complementary Studies. A
distinction can be made between data related to human habits, society and
agricultural systems and data related to radionuclide transport in the different
relevant environments.

5.4.4 Continuation of Specific Tasks

The international Biosphere FEP List is intended to be a continuously updated. Also
the Methodology developed by the Working Group on Reference Biospheres will be
improved. In the following paragraphs, these tasks are further described.

International Biosphere FEP List: One of the results of the Working Group on
Reference Biospheres is the "International Biosphere FEP List". Because of the
inherently limited effort which an international Working Group can invest, areas exist
which have not been covered, for example FEPs concerning coastal regions. Also, the
different options for improvement and maintenance of the International Biosphere
FEP List should be investigated further, most usefully in association with other
components of repository performance assessment.

Reference Biosphere Methodology: The methodology developed by the Working
Group on Reference Biospheres will continue to evolve further after this report is
published. In particular, more experience will be gained in using methods such as the
interaction matrix methodology and other tools to support conceptual model
development.

5.5 Recommendations

The Reference Biospheres Working Group strongly recommends:

• application of the methodology described in Section 2; and

• use of the FEP List described in Section 3 and in Appendix Al.

There are concerns about consistent terminology, reflecting the absence of a single

28



BIOMOVS II
TR6

internationally recognised glossary. Harmonisation would be helpful, though, since
some terms are entrenched in legal frameworks, this may prove difficult.

If these recommendations are followed for developing a biosphere model:

• the model will be internally consistent;

• this model and its results can be compared with other assessments
using the same methodology (harmonisation);

• when comparisons are made fewer differences will exist with other
models and their results, and remaining differences can be better
explained;

• an audit trail of a consistent decision framework within the total
performance assessment will have been established;

• the overall modelling effort will become simpler and more
straightforward.
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Appendix Al: International Biosphere FEP List

The structure of the International Biosphere FEP List developed by the BIOMOVS II
Reference Biospheres Working Group is given in Table Al.l . The fully expanded FEP List
follows. The list includes FEPs to do with the assessment context. For the purpose of the
Reference Biospheres illustration, the assessment context has been chosen to relate only to a
requirement to calculate annual individual doses arising from long term release of
radionuclides in groundwater at an inland site. This context is nevertheless broadly relevant
to many assessments and the FEP List should be useful as a generic starting point for model
development or for auditing existing assessments.

Each FEP is provided with a description (D), a comment (C) and a code (F) used in
previous versions of the FEP List. This F code is to provide continuity with previous
versions of the list which have used the same code, but were structured in a different way.

Further codes are given, indicating how each FEP has been considered in the Reference
Biospheres illustration (Section 4 of main text) and in the Complementary Studies exercise
of BIOMOVS II.

RB: "see next lower/higher level" means the FEP has been dealt with in a lower/higher
level FEP, according to the structure given Table Al.l .

"Not included" means, if no reasons are given, that this has been an arbitrary
decision related to the assumed assessment context.

CS: the number indicates how many participants in the Complementary Studies exercise
included the FEP in their model. The total number of participants was 10. Details
can be found in the final report of the Complementary Studies Working Group.

The Working Group recognises that the current version of the FEP List may not conform with
the particular level of detail required in a case specific performance assessment.
Furthermore, definitions may not be consistent with usage elsewhere. Such inconsistencies
are not unique to biosphere modelling.
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1 FEATURES

1.1

1.2

1.3

Assessment Context
1.1.1
1.1.2
1.1.3
1.1.4
Source
1.2.1
1.2.2
1.2.3

Assessment Purpose
Assessment Endpoints
Repository Type
Site Context
Term
Geosphere/Biosphere Interface
Release Mechanism
Source Term Characteristics

Basic System Description
1.3.1
1.3.2
1.3.3

2 EVENTS &

2.1

2.2

2.3

General Climate Description
General Biosphere System Description
General Human Society Description

PROCESSES

Natural Events and Processes
2.1.1

2.1.2

2.1.3

2.1.4

Events
2.2.1
2.2.2
2.2.3
2.2.4
Events
2.3.1

2.3.2
2.3.3

Environmental Evolution
2.1.1.1 Natural Biosphere Dynamics
2.1.1.2 Climate-Driven Changes
Radionuclide Transport
2.1.2.1 Atmospheric Transport Processes
2.1.2.2 Surface Water Aqueous Transport Processes
2.1.2.3 Porous Media Aqueous Transport Processes
2.1.2.4 Transport Processes Between Surface Waters and Porous Media
2.1.2.5 Solid Phase Transport
2.1.2.6 Dual Flow Systems
2.1.2.7 Transport Mediated by Flora and Fauna
Processes Affecting Radionuclide Concentrations
2.1.3.1 Chemical Reactions
2.1.3.2 Physical Processes
Radionuclide Metabolism
2.1.4.1 Crops and Natural/Seminatural Flora
2.1.4.2 Livestock and Natural/Seminatural Fauna
and Processes Related to Human Activity
Chemical Changes by Human Action
Physical Changes by Human Action
Recycling of Materials and Mixing by Human Action
Radionuclide Transport Mediated by Human Action
and Processes Related to Human Exposure
Human Habits
2.3.1.1 Resource Usage
2.3.1.2 Storage of Products
2.3.1.3 Air, Water and Food Processing
2.3.1.4 Location/Shielding Factors
2.3.1.5 Diet
External Irradiation Processes
Internal Exposure Processes

Table Al.l: Structure of International Biosphere FEP List
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1. Features

D: Features of the biosphere and matters related to the assessment context
that together define the domain and principal constituents of the process
system to be modelled.

C: In order to conduct a biosphere assessment for a given site, it is necessary
to take into account a variety of factors that have a bearing on the manner
in which the system is modelled and the assessment is conducted. These
include, but are not necessarily limited to:

• the context of the assessment (purpose, endpoints to be
addressed etc)

• characteristics of the release (boundary considerations,
radionuclides, etc)

• assumptions regarding the composition and future
evolution of the environment.

F: None
RB: See next lower level.
CS: See next lower level.

1.1 Assessment Context

D: The circumstances in which a biosphere model is to be developed and
used.

C: The requirements of an assessment can have an important bearing on how
the range of different environmental features, events and processes that
are of potential importance are dealt with in a specific assessment.

F: None
RB: See next lower level.
CS: See next lower level.

1.1.1 Assessment Purpose

D: The underlying purpose for developing a biosphere model and/or carrying
out a biosphere assessment.

C: Biosphere models are typically used as tools to determine the significance
of potential future discharges from waste disposal facilities. However, in
any specific case, the purpose of developing and/or applying a model
may vary from a simple calculation to support concept development to a
detailed site-specific performance assessment in support of a disposal
licence application.

The level of complexity and comprehensiveness required of a model will
vary according to the use to which it is put.

F: PU001, PU002, PU003
RB: Defined as:

a. demonstration of compliance with criteria definedunder 1.1.2.1.
b. illustration of the Reference Biospheres Methodology.

CS: 10
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1.1.2 Assessment Endpoints

D: The results of the assessment, expressed as a calculated radiological
impact or in other terms.

C: The structure of a model will tend to reflect the results that it is
designed to evaluate. These, in turn, will largely depend on the criteria
(regulatory or otherwise) that are adopted to judge the overall
performance of the disposal system for a particular site, of which the
biosphere is a part.

F: CR001
RB: See next lower level.
CS: See next lower level.

1.1.2.1 Annual Individual Dose

D: The radiation dose to a person, incurred over a year.
C: The exposed individual must be defined. Inevitably, in waste

disposal assessments, calculations of radiological exposure need to be
based on the adoption of a hypothetical "representative" individual
(typically considered to be a member of a critical group), designed to
demonstrate that adequate radiation protection is afforded to future
populations. A discussion of the considerations involved in the
identification and definition of critical groups is presented in
Appendix A3 of the report.

The "annual" dose must also be clearly defined as that due to
exposure in a 12-month period or (as is more usually the case) the
committed dose from exposure in the same period. Is the annual dose
intended to be representative of the lifetime average exposure for a
particular individual or the maximum dose in any single year? Apart
from considerations of the age at exposure, this choice also affects
how the effects on exposure of "once in a lifetime" events (eg, floods,
major earthworks etc) are addressed in the overall process system
model. For example, it could be considered inconsistent to evaluate
exposures for different age groups (ie, implicit maximum annual dose)
if parameter values in the system model are selected so as to represent
the long-term cumulative effects on radionuclide transport and
accumulation in environmental media.

F: CR002
RB: Defined as the individual annual dose to an average member of a

critical group (critical means highest dose with respect to location and
time of release).

CS: 10

1.1.2.2 Annual Individual Risk

D: The radiological risk to a person, averaged over a year.
C: Annual risk should be defined with respect to the consequence of

interest (risk of fatality, risk of cancer,, risk of health "detriment" (cf.
ICRP60) etc) and is normally taken to correspond to the committed
risk from a given annual dose (ie, rather than the actual risk of death
in a particular year). Some considerations associated with the
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definition of annual individual dose are discussed under the
comments for that FEP. Risk considerations also raise the more
general question of the treatment of uncertainty in biosphere
assessment calculations. For example, to what extent should
uncertainty in the definition of the individual "at risk" from exposure
(due to their location, habits etc) be reflected in the calculation of risk,
given that the definition of the critical group itself is necessarily based
on hypothesis? The aggregation of potential contributions to risk at
any given time from different potential exposure scenarios (e. g.
human intrusion, use of wells, etc) also presents potential difficulties
in terms of the intention to calculate individual risk; it is unlikely that
a particular individual in the future would actually be exposed to
risks from a variety of different exposure sources. Again, the desire to
evaluate a particular endpoint can have a significant impact on the
overall format of the assessment calculation.

F: CR003
RB: Not included.
CS: 0

1.1.2.3 Lifetime Individual Dose

D: The radiation dose to a person, accumulated over their lifetime.
C: This endpoint potentially presents fewer difficulties than the

evaluation of an annual dose, since it inevitably involves averaging
over the year-on-year variability in factors controlling environmental
concentrations of radionuclides. There may, however, be modelling
problems associated with identifying appropriate parameter values to
characterize the long-term average effects of processes occurring at
variable rates. Furthermore, the prospect of permanent inhabitation
of a small area (the region most contaminated by the release from the
repository) by a single group of individuals for their whole lifetime
might, by comparison with present-day behaviour, be considered
extreme.

F: CR004
RB: Not included, however the individual annual dose of 1.1.2.1 might be

considered as an annual dose averaged over the lifetime.
CS: 0

1.1.2.4 Lifetime Individual Risk

D: The radiological risk to a person, accumulated over their lifetime.
C: Calculation of lifetime individual risk is not necessarily as simple as

multiplying the lifetime annual dose by the standard dose-to-risk
conversion factor. A given exposure incurred in the early years of life
may be the same (in terms of equivalent dose) as one incurred much
later, but the associated risk may be very different both as a result of
the latency of cancer induction risk and the importance of relative risk
factors. Risk criteria are typically expressed in terms of annualized
rather than lifetime risk for ease of comparison with other risks from
human activity and hence to establish levels of tolerability.

F: CR005
RB: Not included.
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CS: 0

1.1.2.5 Collective Dose

D: The radiation dose integrated over an exposed population.
C: The calculation of collective dose is critically related to the assumed

size of the exposed population and the timescale over which
integration is carried out, which should be defined as part of the
basis of the calculation. ICRP recognize the "truncation" of collective
dose calculations to address defined integration times, which can be
very important for the very long timescales associated with, say, the
deep disposal of long-lived radioactive waste. The population size of
interest may vary from the critical group ( a few to a few tens of
people) to the world population (for globally dispersed radionuclides
such as C-14, 1-129). Models geared towards the evaluation of
collective dose for large populations will typically be very different
from those aimed at determining the impact of releases on critical
groups.

F: CR006
RB: Not included.
CS: 0

1.1.2.6 Collective Risk

D: The radiological risk integrated over an exposed population.
C: Collective doses (expressed in person-Sv) are sometimes multiplied by

a dose-to-risk factor in order to determine the expected number of
health effects (depending on which risk factor is used) in the exposed
population. Because radiation doses to the most exposed group will
typically be very low for an acceptable disposal facility (<1 mSv per
year), the calculation of collective dose to a large population will
generally involve integration over much smaller individual dose levels.
The validity of inferences drawn from applying linear dose-to-risk
factors to populations incurring very low levels of exposure is
questionable.

F: CR007
RB: Not included.
CS: 0

1.1.2.7 Dose to Biota Other Than Man

D: The radiation dose to non-human biota.
C: It is sometimes relevant in a radiological assessment to consider the

potential impact of releases of radionuclides on biota other than
humans. There is a limited amount of data on radiosensitivity of
different plants and animals, which has in the past been taken to
support the paradigm that adequate radiological protection of man
will also provide adequate protection for the wider environment.
Nevertheless, the calculation of doses to other non-human biota can
provide reassurance that the development of a waste repository will
have no adverse effect on other species. A model geared towards the
evaluation of doses to non-human biota will not necessarily look the
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same as one intended to evaluate doses to humans: for example,
consideration needs to be given to the identification of relevant
species population groups and their relationship to the environment,
which may result in attention being focused within the model on
different groups of events and processes. Similarly, an assessment
tool originally developed to calculate human exposures will be limited
in its potential for providing anything other than illustrative exposure
calculations for non-human biota.

F: CR008
RB: Not included.
CS: 0

1.1.2.8 Radionuclide Concentration in the Environment

D: The concentration of radionuclides (typically expressed as Bq/kg or
Bq/m3) in environmental media.

C: For assessment calculations extending over very long timescales, it
may be considered inappropriate to suggest that radiological exposure
calculations have any specific justification. An alternative assessment
endpoint may therefore be the calculated concentrations in
environmental media of radionuclides released from the repository,
which can be compared with naturally-occurring levels. This may be
particulary relevant on assessment timescales where the principal
contributors to repository system discharge in the future are
themselves naturally occurring radionuclides (eg, U-238 decay series),
allowing a shift of emphasis from the direct comparison against
radiological criteria to more qualitative indicators of repository
performance. If a model has been configured to evaluate radiation
exposures, for which a certain amount of spatial averaging is usually
appropriate, it may not necessarily be directly applicable to the
determination of environmental concentrations, unless a similar degree
of averaging is also acceptable. The calculation of radionuclide
concentrations would be particularly relevant to the validation of a
model against natural analogue data.

F: None
RB: Included as intermediate result but not as endpoint.
CS: 10 as intermediate endpoint.

1.1.2.9 Other Assessment Endpoints

D: Results of a biosphere assessment, expressed in terms other than
those already listed under this heading.

C: Biosphere assessments for waste disposal may not only need to
address radiological endpoints but also, for example, the dispersion
and consequences of the release of other pollutants from the
repository.

F: None
RB: Not included.
CS: 0
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1.1.3 Repository Type

D: The type of radioactive waste repository to be addressed in the
assessment calculation.

C: The description of the process system to be represented in a biosphere
assessment model must be consistent with the known details of the
disposal facility being considered, including the type of repository
under consideration. For example, the type of repository (depth, host
rock etc), in conjunction with other considerations regarding future
evolution of the site (marine erosion, glaciation, etc), will determine
whether or not there is a natural cut-off to the assessment timescale,
and affect the geosphere-biosphere interface.

F: TY001, TI001
RB: Defined as deep geological disposal.
CS: 10, deep geological disposal.

1.1.4 Site Context

D: A broad-brush description of the site location.
C: The general location of a repository may have an important influence

on the likely pathways for radionuclides to the biosphere and the
extent to which factors such as climate and ecological change may
have an influence on the impact of such releases. For example, an
under-sea location may effectively provide a permanent marine
receptor for radionuclides released from the repository, whereas the
assessment for an inland mountain location may never need to
address marine FEPs. The site location addressed by a model will
therefore tend to influence the degree of detail used in representing
particular elements of the process system.

F: TY002, TY003
RB: Defined as an inland site, an alpine valley in central Europe.
CS: 10, inland site.

1.2 Source Term

D: The release of contamination into the biosphere from the repository
system.

C: Biosphere models are typically substantially decoupled from those
models that are used to evaluate the release of radionuclides from the
waste repository. The link to the biosphere in such a decoupled
system is described as the "source term". A full description of the
source term involves giving consideration to the boundary interface
across which the link is established, which in turn is partially
dependent on the release mechanism, and characteristics of the release
itself, expressed in terms of its content and properties. Here, as
elsewhere in the FEP List, attention is focused on groundwater
releases to the terrestrial environment.

F: None
RB: See next lower level.
CS: See next lower level.
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1.2.1 Geosphere/Biosphere Interface

D: The interface between biosphere and geosphere domains in a
decoupled system model.

C: The geosphere/biosphere interface defines the border of the biosphere
domain at its boundary with the geosphere. Definition of the interface
is an intrinsic part of conceptual modelling for the biosphere, because
the division of the repository environment into biosphere and
geosphere domains is itself part of the conceptual approach. The
interface should properly be located where decoupling of the models
is possible, which is effectively to say that it should be positioned
where recirculation of radionuclides (or other contaminants) across
the boundary is insignificant in terms of the overall contamination of
the environment. Ideally, the domain of a biosphere model should be
such that it can address various potential release mechanisms. In
practice, an internally consistent identification of the interface will be
obtained if both the biosphere and geosphere assessment models are
informed by the same regional hydrological model. If the regional
water table lies below the bedrock, or exhibits seasonal fluctuations
that take it beneath this level, then the boundary region must be
extended in depth to incorporate the upper bedrock. It is not,
however, usually appropriate to consider the bulk flow of the regional
aquifer as part of a decoupled biosphere model.

F: IN001
RB: Included, (see also 1.2.2.1.1) defined as in the case description of the

Working Group on Complementary Studies ie, release from the
geosphere or a geosphere aquifer into: a biosphere aquifer, defined as
an aquifer that has water exchange rates with rivers, lakes,
precipitation etc with a magnitude of about once per year or higher; a
well in this aquifer; deep soil; or a river.

CS: The following geosphere - biosphere interfaces have been included:
9 biosphere aquifer with well;
8 deep soil;
10 river.

1.2.2 Release Mechanism

D: The mechanism for transferring radionuclides (and other
contaminants) from the geosphere to the biosphere.

C: Consideration of the different potential mechanisms for releasing
radionuclides to the biosphere is an intrinsic part of the process of
model definition, contributing to consideration of the
geosphere/biosphere interface, the physical and chemical form of the
release and the temporal and spatial distribution of the release.
Although this FEP List has been developed in the context of
groundwater releases, we consider here for completeness other
potential release mechanisms.

F: ME001
RB: See next lower level.
CS: See next lower level.
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1.2.2.1 Groundwater Release

D: The release of radionuclides (or other contaminants) from the
geosphere to the biosphere in connection with the discharge or
abstraction of groundwater.

C: Groundwater flow is one of the most important pathways for
transporting radionuclides away from the repository containment and
is therefore usually considered as one of the principal mechanisms for
release of contaminants to the biosphere.

F: ME002
RB: See next lower level.
CS: 10

1.2.2.1.1 Geosphere Aquifer Discharge

D: The release of radionuclides (or other contaminants) from the
geosphere to the biosphere in connection with natural groundwater
flow.

C: Groundwater may naturally flow from the geosphere to the biosphere,
taking with it any contamination. In addition, molecular and turbulent
diffusion in groundwater will naturally disperse contaminants in the
water, causing them to spread gradually from the base of the water
table to higher levels and potentially across the biosphere/geosphere
interface.

F: IN002
RB: Included see 1.2.1 for details.
CS: See 1.2.1.

1.2.2.1.2 Extraction Via Well into Geosphere Aquifer

D: The release of radionuclides (or other contaminants) from the
geosphere to the biosphere via a well sunk into a geosphere aquifer.

C: Water abstraction from wells will draw radionuclides directly from
the geosphere to the biosphere. The principal entry point for
contaminants into the biosphere will tend to be via direct
consumption of the abstracted water or via contamination of the
surface (irrigation). This implies that there is an effective
biosphere/geosphere interface around the well head rather than where
the well excavation enters the aquifer.

F: IN003
RB: Not included: this FEP is, in general, considered in "future human

actions" or "human intrusion" scenarios, although the criteria for
distinguishing between "human intrusion" wells (general, not just
wells into the geosphere) and "regular" or "undisturbed development"
wells have not been defined.

CS: 0

1.2.2.2 Gaseous Release

D: The release of radionuclides (or other contaminants) from the
geosphere to the biosphere in a gaseous medium or gaseous form.

C: Contaminated gases (eg, methane, hydrogen) move under pressure
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and/or diffuse through the geosphere and may emerge into the
biosphere as diffuse sources through porous media or as more discrete
sources along connected pathways.

F: ME003
RB: Not included: generally considered to be less important than release

as solutes.
CS: 0

1.2.2.3 Solid Material Release

D: The release of radionuclides (or other contaminants) from the
geosphere to the biosphere in a solid material.

C: Exploration, mining and quarrying activities may cause minerals and
other rocks (together with entrained minerals and gases) to be
extracted from the geosphere to the biosphere. In addition to such
human intrusion activity, natural erosion of the biosphere by glacial,
fluvial or other processes may, over long periods of time, lead to
downward movement of the geosphere/biosphere interface and
thereby cause contaminated rock (or even the repository itself) to
enter the biosphere.

F: ME004
RB: Not included: would be important for "future human actions" and

"erosion" scenarios, in which solid material is released directly from
the repository or the contaminated geosphere into the biosphere.

CS: 0

1.2.3 Source Term Characteristics

D: Basic attributes of the source term from the geosphere to the
biosphere.

C: Adequate characterization of the source term is a fundamental step in
biosphere assessment modelling. The principal characteristics of the
source term are expressed in terms of its contents and physical and
chemical properties. Here, as elsewhere in the FEP List, attention is
focused on groundwater releases to the terrestrial environment.

F: None
RB: See next lower level.
CS: See next lower level.

1.2.3.1 Source Term Radionuclide Content

D: Identification of radionuclides released to the biosphere.
C: Radiological assessment depends on the identification of

radionuclides that are assumed to be released into the biosphere,
together with their radiological and radiochemical properties.

F: IS001 to IS028
RB: Included and defined in detail in the Complementary Studies case

description.
CS: 10, for the nuclides 1-129 and Np-237.
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1.2.3.2 Properties of the Groundwater Plume

D: Characterization of the physical and chemical properties of the
groundwater release.

C: This covers a wide range of factors that are of potential importance to
modelling the influence of the source term on biosphere transport. It
includes the spatial and temporal distribution of the influx to the
biosphere, both of which may be either smooth or discontinuous,
depending on the mechanism of release and on specific features of the
geosphere/biosphere interface. It also includes chemical properties of
the groundwater: eg, Eh and pH will influence the chemical form and
thereby the transport of contaminants such as iodine and technetium,
whereas the presence of other dissolved species in the plume (such as
iron) may cause co-precipitation and adsorption of contaminants on
their release to the oxidizing environment of the biosphere.

F: None
RB: No properties defined; it is assumed that the groundwater discharge

into the biosphere does not cause any changes in biosphere properties,
nor in the transport and accumulation of the contaminants in the
biosphere.

CS: 0

1.2.3.3 Source Term Content of Other Hazardous Materials

D: Identification of other hazardous materials released to the biosphere.
C: The environmental impact of possible future releases from a

radioactive waste repository may not be restricted to a consideration
of radiological consequences. A complete environmental assessment
therefore depends on the identification of other potential
contaminants in the groundwater plume, together with their chemical
and hazardous properties.

F: None
RB: Not included: radionuclides treated with first priority.
CS: 0

1.3 Basic System Description

D: A description of the biosphere systems representative of the future
environmental conditions at the repository site.

C: Given a knowledge of the repository type under consideration and its
overall site context, it is necessary to consider the main features of the
biosphere system and the way in which they can be modelled. This
means giving attention to the definition of future biospheres in terms
of ecological systems and human communities consistent with
possible climatological changes and land form developments that may
be relevant over the timescale of the assessment.

F: None
RB: See next lower level.
CS: See next lower level.
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1.3.1 General Climate Description

D: A general description of the climatological context for the biosphere
assessment.

C: Simulations of landform and ecological change may be based on
speculative assumptions. Nevertheless, it is necessary to adopt a
self-consistent approach to considering the influence of one of the
major influences on such evolution: climate. The treatment of climate
may range from the simple assumption of constant present-day
conditions to a full representation of continuously varying climate
successions. The choices made in respect of modelling climate (and its
effects on the environment) may have a strong influence on the overall
composition of the biosphere model.

F: CL001, CL003, CL004
RB: See next lower level.
CS: See next lower level.

1.3.1.1 Differentiation of Climate Categories

D: The identification and general description of characteristic climate
states relevant to the assessment.

C: If climate change (rather than a constant present-day climate) is
addressed as part of the overall assessment basis, the assumption is
often made that the range of future climates relevant to the site of
interest can be broadly characterized in terms of a small number of
climate states. The definition of such states should be based on a
internally consistent scheme that does not exceed the limits of
scientific understanding; the main features of individual climate states
would therefore be expected to be based predominantly on accepted
classification schemes (eg, Trewartha, An Introduction to Climate, 4th
Edition, McGraw Hill(1968) or Rudloff, World Climates,
Wissenschaftliche Verlagsgesellschaft, Stuttgart (1981)).

F: CL002, CL006, CL007, CL008, CL009
RB: Climate defined as present climate in central Europe, constant in time;

other climates to be considered with lower priorities.
CS: 10, present climate.

1.3.1.2 Description of Climate Change

D: The approach taken to considering the potential impact of changing
climate.

C: There are a range of different possible approaches to representing the
effects of climate change within a biosphere assessment. At a
relatively simple level, there is the option of modelling the release into
any one of a variety of time-invariant biospheres, each of which is
consistent with the chosen set of representative climate states. Time
sequences of transitions between climate states may be considered to
represent a more realistic approach, but there is substantial scientific
uncertainty concerning the future sequence of climate development,
specially when the possible long-term effects of anthropogenic
"greenhouse-gas" emissions are taken into account. Moreover, the
treatment of time lags and leads in addressing the relationship
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between climate and landform or ecological transitions is also subject
to considerable scientific uncertainty.

F: CL005
RB: Not included at present; first priority see 1.3.1.1, second priority to

consider a range of different climates which are constant in time, third
(lowest) priority to consider effects of climate changes.

CS: 0

1.3.2 General Biosphere System Description

D: A general description of the ecological context for the biosphere
assessment

C: Landform and ecological change over the timescale addressed within
a biosphere assessment are determined to a large extent by the
influence of climate and climate change. Details of pr imary
productivity etc will vary according to the specific climate conditions
assumed and the influences of human activity. As with climate state
definitions, however, the broad-brush descriptions of environmental
systems should be based on an internally consistent scheme that does
not exceed the limits of scientific understanding. Hence it is
appropriate to consider a general description of the ecological context
based on a relatively small number of relevant environment types
drawn from present-day and historical experience. In common with
other aspects of this FEP List, consideration is restricted here to the
terrestrial environment.

F: None
RB: See next lower level.
CS: See next lower level.

1.3.2.1 Environments

D: Identification and description of the features of the landscape to be
considered in the biosphere assessment.

C: In order to construct a model of the biosphere, these systems must be
broken down into descriptions of their important components, their
composition and organization in the biosphere. This will be based on
consideration of the site context, taking account of the available
knowledge of process-dependent interactions between these
components. Details of biosphere processes relevant to the
identification of primary environmental features are addressed in the
FEP List under processes.

F: EN001
RB: See next lower level.
CS: See next lower level.

1.3.2.1.1 Natural and Semi-Natural

D: Environments that are not significantly, or are only partially,
influenced by human activities.

C: If a "natural" environment is a true wilderness area then the absence
of people means that any evaluation of radiological impact for
humans is largely meaningless. However, it is possible to identify
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areas to which humans have access but within which the natural
biogeochemical cycles are largely unaltered. Such environments might
include, for example, undeveloped marshland, natural forest, heather
moorland and alpine meadows. In the context of biosphere
assessment, the primary distinctions between these and other classes
of environment are therefore: (i) human influences are small; and (ii)
exposure pathways for humans will tend to be based on
hunter-gatherer type activity. Radioecological data for natural
ecosystems tend to be less readily available than for more intensively
cultivated agricultural systems. It is necessary to consider the extent
to which possible enhanced accumulation mechanisms for
radionuclides in natural and semi-natural systems may outweigh the
effective dilution associated with their sparse exploitation.

F: EC013, EC014
RB: Not included. Although it was recognised to be potentially very

important; no data bases suitable for the assessments of radioactive
waste disposal have been developed yet.

CS: 0

1.3.2.1.2 Agricultural

D: Terrestrial regions intensively exploited for food as pasture and arable
land.

C: The intensity of land use will vary according to primary productivity
and the introduction of cultivation methods and nutrients that alter
the natural from contemporary agricultural practice in different
climate conditions around the world; these will typically form the
basis for assumptions regarding the definition of an agricultural
environment appropriate to the site under consideration.

F: EC015
RB: Included; defined as to be consistent with a subsistence agricultural

community; details defined in the Complementary Studies case
description.

CS: 10

1.3.2.1.3 Urban and Industrial

D: Environments exploited by humans in which habits, diet and exposure
pathways are significantly different from the agricultural environment.

C: The degree of industrialization in a society affects the extent to which
humans will have an influence on the environment, rather than
allowing natural processes to determine the dynamic evolution of the
biosphere. There may be a limited measure of self-sufficiency in urban
environments (gardens, etc), but a major element of such
"ecosystems" is the extent to which foodstuffs and other materials
are transported from distant regions. In addition, human activity in
such environments may lead to major earth-moving and underground
activities such as mines and quarries, deep drilling and water
abstraction, dam-building etc.

F: EC016, EC017
RB: Not included, because not consistent with the assumption of a

subsistence agricultural community.

A1.15



BIOMOVS II
TR6

CS: 0

1.3.2.2 Principal Systems of Exchange

D: Identification of the main environmental sub-systems and their
organization in the landscape.

C: In order to develop a conceptual model of the biosphere process
system it is first necessary to identify ecosystem types relevant to the
assessment endpoints of interest. These will typically consist of
groups of components or different types of environmental media,
whose organization within a defined topographical region will serve to
provide a description of the landscape under consideration. The
identification of these sub-systems should be internally consistent and
correspond to the assumed hydrological regime, taking account of
climate and human influence. Hence a natural/semi-natural landscape
may consist of a variety of subsystem elements, such a forest, heather,
alpine meadows, natural grassland, wetland, rivers etc. In the same
way, an agricultural landscape might include, for example, pasture
and arable land, fish ponds, hedges, orchards, planted forest, rivers,
agricultural wells, etc. It may also be necessary to define the size and
location of the principal systems of exchange.

F: EC001 to EC012, CO010
RB: Arable land, grassland and river included; see detailed definition of

the Complementary Studies case description.
CS: 10, arable land, grassland, river.

1.3.2.3 Environmental Components

D: Descriptions of systems of exchange in terms of their environmental
components.

C: Having identified and described the biosphere domain in terms of its
principal systems of exchange and the interface with the geosphere,
the next level of detail in identifying the main features of the
environment in relation to biosphere assessment modelling is a
description of the system components. The extent to which
ecosystems can be broken down into components depends on the
available scientific knowledge, but also needs to be governed by the
perceived sensitivity of the assessment endpoints of interest to the
level of detail assumed. Details of biosphere processes relevant to the
identification of environmental components are addressed in the FEP
List under PROCESSES. Examples of environmental constituents that
may be relevant to a detailed description of the biosphere process
system include: components of the soil and sediment system (eg, litter
layer, top soils and deep soils), waters flowing through a channel
network, above and below canopy atmospheres, flora and fauna, etc.
Each of these will include, in varying proportions, solid material of
mineral origin, organic matter, water and gas. Particular environmental
components will be of direct relevance to the biosphere assessment
because of the way in which they are used by humans or otherwise
contribute to evaluation of the assessment endpoints. These include:
different types of food, whether plants (agricultural crops and/or
wild sources), or animals and birds (domestic and/or hunted);
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materials used for building (aggregate, stone, wood etc), furniture or
clothing; energy sources; water; and animal foodstuffs.

F: CO001 to CO009, CO013, PO001 to PO059
RB: Included:

biosphere aquifer, soil(s), river, river sediment (defined by the site
context),
irrigation water, drinking water for humans and cattle (arbitrarily
defined),
root crops, leaf vegetables, grass, cows, poultry (arbitrarily
defined).

CS: The following environmental components have been included:
7 biosphere aquifer
3 well
7 deep soil
10 top soil
10 river water
9 river sediment
4 atmosphere
7 sink/elsewhere

1.3.3 General Human Society Description

D: A general description of the human societal context for the biosphere
assessment.

C: A self-consistent description of human society should be adopted in
relation to climate, landscape, ecology, the degree of development, etc.
An appropriate means for doing this is the identification of reference
community structures in analogue environments. The principal
features of human society in relation to biosphere assessment concern
the assumptions made regarding human influence on the environment
and human habits leading to exposure, that are considered under
events and processes.

F: SO001, SO002, SO003
RB: Defined as subsistence agricultural community; dilution of

contaminants in the environment and in foodchains would be minimal
in such society.

CS: 10

2 Events and Processes

D: Any phenomenon, natural or artificial, that influences or may
influence the environment and the behaviour of the contaminants in
the biosphere.

C: A primary classification of processes is established in terms of natural
or human origin. The distinction between events and processes is
difficult. Generally events are regarded as short-term and processes
as continuous.

F: None
RB: See next lower level.
CS: See next lower level.
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2.1 Natural Events and Processes

D: Natural phenomena that could be involved in the dynamics of the
environmental system or in the contaminant 's behaviour in the
biosphere system.

C: Scientific knowledge and the purpose of the assessment will establish
the degree of detail for representing the real natural world in the
assessment model.

F: None
RB: See next lower level.
CS: See next lower level.

2.1.1 Environmental Evolution

D: Natural processes causing a change in the biosphere properties in the
short or long term, modifying the conditions under which the
assessment is performed.

C: These include biotic and abiotic changes of the environment and the
effects or consequences of such changes. Climate changes are
considered separately as a macro change that produces an alteration
of the whole biosphere system under consideration.

F: None
RB: See next lower level.
CS: See next lower level.

2.1.1.1 Environmental Dynamics

D: Temporal variation of systems of exchange within the biosphere,
under constant climatological conditions.

C: A potentially important feature of the biosphere description is that it
may vary with time as a result of natural variations. For example,
there will be seasonality in the hydrological cycle, affecting river levels
and the need for irrigation, as well as seasonality in food chains. This
demands that care is adopted in the selection of relevant biosphere
parameters to represent particular transfer processes within the
biosphere. In the longer term, there may be natural changes, such as
those caused by river meander, causing a redefinition of the
components of the system (eg, from sediment to soil). A
self-consistent description of the biosphere is therefore required, in
which potential changes associated with environmental dynamics are
addressed in a manner that takes account of the requirement for mass
conservation.

F: PR001, PR077, PR002, PR076
RB: See next lower level.
CS: See next lower level.

2.1.1.1.1 Seasonality

D: Properties of some environmental media will vary between seasons.
C: For the performance assessment of radioactive waste repositories

these variations in properties are usually taken into account in an
average annual parametric value. Effects of seasonality on food
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production, modification of the water table or surface water fluxes are
some examples of the factors to be considered.

F: PR002
RB: See next lower level.
CS: See next lower level.

2.1.1.1.1.1 Effects of Seasonally on Food Chain

D: The effect of seasonal variation on food chain processes and
parameters.

C: It is included in SEASONALITY Feature (PR002)
F: PR076
RB: Should be implicitly included in the effective parameter values.
CS: 0 (explicitly).

2.1.1.1.2 Chemical Changes

D: Changes in the chemical properties of environmental media.
C: This FEP includes a number of lower level FEPs. This excludes

changes caused by human actions which are dealt with elsewhere.
F: PR003
RB: Not included, because the biosphere conditions are assumed to be

constant in time.
CS: 0

2.1.1.1.2.1 Alkalinization

D: If the rate of evapotranspiration exceeds infiltration, the salt or alkali
content in soil can increase leading to changes in flora and other
environmental properties.

F: PR005
RB: See next higher level.
CS: 0

2.1.1.1.2.2 Chemical Changes Caused by Micro-Organisms

D: Chemical changes caused by micro-organisms.
F: PR006 •
RB: See next higher level.
CS: 0

2.1.1.1.2.3 Chemical Changes Caused by Plants

D: Chemical changes caused by plants, eg, the effects of root secretions,
proliferation of algae in lakes etc.

F: PR007
RB: See next higher level.
CS: 0

2.1.1.1.3 Physical Changes

D: Physical changes in environmental media eg, changes in dimensions or
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physical properties.
C: This FEP includes a number of lower level FEPs.
F: PR008
RB: Not included; biosphere is assumed to be constant in time
CS: 0

2.1.1.1.3.1 Soil Conversion

D: Natural evolution of some environmental media could result in
formation or loss of soil.

C: Natural processes like ageing of lakes or changes of river courses may
lead to lake or river sediments becoming land, a lowering of the water
level can have the same effect.

F: PR060, PR009, PR043
RB: See next higher level.

2.1.1.1.3.2 Erosion (Wind, Water, Floods)

D: Relatively continuous change in the landform due to the action of
wind or water.

C: Water erosion produced by rainfall, surface run-off, river water and
occasional floods that remove surface soil material or plants.

F: PR031, PR036, PR038
RB: See next higher level.
CS: 0

2.1.1.2 Climate-Driven Changes

D: Climate change resulting in alteration of properties of environmental
media.

C: Changes in climate result in alterations to the biotic and abiotic
composition of the environment, and modifications to the rates of
processes operating.

F: PR013, PR017
RB: Not included, biosphere is assumed to be constant.
CS: 0

2.1.2 Radionuclide Transport

D: Natural processes that cause or modify radionuclide transport.
F: None
RB: See next lower level.
CS: See next lower level.

2.1.2.1 Atmospheric Transport Processes

D: Radionuclide transport processes that occur in the atmosphere.
F: None
RB: See next lower level.
CS: See next lower level.
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2.1.2.1.1 Gas Transport

D: Transport of gases, volatile material and aerosols in the atmosphere.
C: Gas transport produced by diffusion or convection processes.
F: PR010, PR024, PR050, PR053
RB: Not included because no gaseous releases assumed, see 1.2.2.2.
CS: 0

2.1.2.1.2 Aerosol Transport

D: Transport of solids or liquids as aerosols.
C: Processes like resuspension and deposition govern aerosol transport
F: PR011, PR054, PR026
RB: Included as:

dust inhalation
external contamination of crops

CS: 6 (some implicitly).

2.1.2.1.3 Burning

D: The release of material into the atmosphere as a result of burning.
C: Only fires caused by natural phenomena eg lightning, are considered

here. Fires deliberately caused by human action are considered under
2.2.

F: PR078
RB: Not included.
CS: 0

2.1.2.2 Surface Water Aqueous Transport Processes

D: Transport of contaminated water or contaminated soil by aqueous
transport processes between environmental surface media.

F: PR012
RB: See next lower level.
CS: See next lower level.

2.1.2.2.1 Transport by Surface Run-Off

D: Transport of contaminated surface soil by run off.
C: Part of rainfall water is transferred directly to surface waters without

entry to the soil by overland flow. This includes the direct run off of
precipitation and run off following delay eg, snow melt. The specific
topography, infiltration capacity of the soil and the rain rate of the
moment will determine the run-off process.

F: PR019
RB: Not included.
CS: 2 (some implicitly).

2.1.2.2.2 Transport in Water Bodies

D: Movement in natural water bodies causing radionuclide transport.
C: Includes processes such as advection/convection and dispersion and
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diffusion resulting in movement of the contaminated water in streams
or lakes.

F: PR080, PR050, PR053, PR051
RB: Included as advective transport with river water.
CS: 10

2.1.2.3 Porous Media Aqueous Transport Processes

D: Transport of contaminated water in porous media.
C: Advective/convective radionuclide transport
F: None
RB: See next lower level.
CS: See next lower level.

2.1.2.3.1 Percolation

•: D: Movement of contaminated water through the soil layers into the
water table.

C: Water reaching the saturated zone through the unsaturated zone
F: PR021
RB: Included.
CS: 8 (some implicitly or indirectly).

2.1.2.3.2 Capillary Rise

D: Upwards transfer of water through soil layers above the water table
due to capillary forces caused by evapotranspiration.

F: PR022
RB: Included.
CS: 9 (some implicitly or indirectly).

2.1.2.3.3 Groundwater Transport

D: Transport of contaminated groundwater in saturated porous media.
C: Processes such as advection/convection result in a movement of the

contaminated water. Water discharge results in a contamination of
surface saturated environmental media.

: F: PR080, PR050, PR053, PR049
RB: Included.

CS: 10

2.1.2.3.4 Diffusion/Dispersion

D: Diffusion and dispersion of contaminants in aqueous media.
C: Need not involve water transport.
F:
RB: Included.
CS: Included by some participants.

2.1.2.3.5 Infiltration

D: The flow of contaminated water from the surface to soil layers.
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C: The infiltration is commonly modelled as a rate depending on several
factors like: soil properties, landform, rainfall rate.

F: PR020
RB: Included.
CS: 10

2.1.2.3.6 Dual Flow Systems and Matrix Diffusion

D: Combined flow of different fluids and/or gases.
C: Important when gas and water fluxes in porous media do influence

each other.
RB: Not included.

CS: 0

2.1.2.3.6.1 Transport of Suspended Sediments

D: Transport of suspended sediments with flowing water.
F: PR035
RB: Included.
CS: 9

2.1.2.3.6.2 Transport of Colloids

D: Transport of colloids in flowing water.
F: PR034
RB: Not explicitly included; perhaps under 2.1.2.6.1
CS: 0

2.1.2.4 Transport Processes Between Surface Waters and Porous Media

D: Natural processes leading to transport of contaminated water to the
porous media or vice versa.

F: None
RB: See 2.1.2.3.

2.1.2.5 Solid Phase Transport

D: Transport of contaminated solid materials between environmental media.
F: PR025
RB: See next lower level.
CS: See next lower level.

2.1.2.5.1 Resuspension/Deposition

D: The resuspension of material into the atmosphere and subsequent
deposition.

C: The deposition of resuspended material as a result of DRY
DEPOSITION.

F: PR026, PR029, PR030
RB: Included see also 2.1.2.1.2.
CS: See 2.1.2.1.2.
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2.1.2.5.2 Land Slides

D: Transport of solid material by land slides.
F: PR039
RB: Not included.
CS: 0

2.1.2.5.3 Rock Falls

D: Transport of solid material by rock falls.
F: PR040
RB: Not included.
CS: 0

2.1.2.5.4 Solid Phase Transport by Water

D: The transport of solid material within flows of water.
C: This FEP includes a number of lower level FEPs.
F: PR032
RB: See next lower level.
CS: See next lower level.

2.1.2.5.4.1 Sediment Resuspension

D: Resuspension of sediments due to flowing water.
F: PR033
RB: Included.
CS: 8

2.1.2.5.4.2 Sedimentation

D: The gravitational settling and deposition of suspended particles
within water bodies to form sediments.

F: PR037
RB: Included.
CS: 7

2.1.2.5.4.3 Rain Splash

D: The transport of contaminated substances from soils to plants
because of rain splash.

C: This is one of the possible sources of plant contamination.
F: PR062
RB: If included, only implicitly in the assumed contamination of plants by

soil.
CS: 9

2.1.2.5.4.4 Washout

D: The removal of gaseous or particulate material from the atmosphere
by precipitation.

C: See Wet Deposition.
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F:
RB:
CS:

Wet

D:
C:
F:
RB:
CS:

PR027
Not included.
1

Deposition

Deposition of material on a surface as a
See Washout.
PR028
Not included.
0

result of washout.

2.1.2.7 Transport Mediated by Flora and Fauna

D: Transport of contaminated materials or water caused by flora and/or
fauna activity.

F: PR023, PR041, PR055
RB: See next lower level.
CS: See next lower level.

2.1.2.7.1 Root Uptake

D: Uptake of radionuclides by absorption and biological processes of
plant roots from soil solution and soil particles.

F: PR018
RB: Included.
CS: 10

2.1.2.7.2 Bioturbation

D: The redistribution and mixing of soil or sediments by the activities of
plants and burrowing animals.

F: PR042
RB: Included.
CS: 8 (some implicitly).

2.1.2.7.3 Intake by Animals

D: Consumption and inhalation by animals.
C: It is a group of FEPs
F: PR082, PR067, PR068, PR069,PR070, PR071, PR072, PR073, PR083
RB: Included.
CS: 10

2.1.3 Processes Affecting Radionuclide Concentrations

D: Natural processes that modify concentrations or produce a
redistribution of radionuclides in the media.

F: None
RB: See next lower level.
CS: See next lower level.
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2.1.3.1 Chemical Reactions

D: Chemical reactions.
C: It is a group of FEPs
F: PR044
RB: See next lower level.
CS: See next lower level.

2.1.3.1.1 Dissolution/Precipitation

D: Processes by which material in the solid phase is incorporated into the
liquid phase and vice versa.

C: These processes are affected by parameters such as Eh, pH, solubility
limits and the presence of other chemical species.

F: PR045, PR046
RB: Not included, biosphere assumed to be constant in time.
CS: 0

2.1.3.1.2 Adsorption/Desorption

D: Sorption or adhesion onto the solid surface of a layer of ions from an
aqueous solution and the reverse process.

C: Parameters like chemical form. Eh, pH and the presence of other
chemical species influence the retardation processes, including ion
exchange and complexation processes.

F: PR047, PR048
RB: Included.
CS: 10

2.1.3.2 Physical Processes

D: Physical changes in environmental media, eg, in the dimensions or
physical properties.

C: It represents a group of FEPs
F: PR008
RB: See lower level.
CS: See next lower level.

2.1.3.2.1 Water Discharge

D: Movement of water between streams, aquifers or surface water
bodies.

C: This results in dilution of radionuclide concentrations.
F: PR080, PR051
RB: Included.
CS: 10 (some indirectly or implicitly).

2.1.3.2.2 Water Recharge

D: The addition of water to the aquifer either directly from surface
waters or via another formation.

F: PR081
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RB: Included.
CS: 10

2.1.3.2.3 Rainfall

D: Precipitation as rain from the atmosphere to the surface.
F: PR014
RB: Included.
CS: 10 (some implicitly or indirectly).

2.1.3.2.4 Evaporation

D: Emission of water vapour from a free surface at a temperature below
the boiling point.

F: PR015
RB: Included in 2.1.3.2.5.
CS: Included in 2.1.3.2.5.

2.1.3.2.5 Evapotranspiration

D: Transfer of water from the soil to the atmosphere by evaporation from
the soil and transpiration in plants.

F: PR016
RB: Included.
CS: 10 (some implicitly or indirectly).

2.1.3.2.6 Snowfall

D: Snowfall
F: PR079
RB: Included in 2.1.3.2.3.
CS: Included in 2.1.3.2.3.

2.1.3.2.7 Weathering

D: The loss of contamination from crops and soils.
C: Weathering is usually modelled through a contamination loss rate and

is caused by different processes, eg, wind, rain, volatilization, etc.
F: PR065
RB: Included.
CS: 9 (some indirectly).

2.1.4 Radionuclide Metabolism

D: The processes occurring within an organism by which radionuclides
are transported and accumulated through different organs or
transported and liberated from the organism.

C: The internal processes in the organism will depend upon the organism
and the radionuclide compounds considered.

F: PR066
RB: See lower levels.
CS: See next lower level.
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2.1.4.1 Crops and Natural/Seminatural Flora

D: Crops and other vegetation present in the environment
F: PO006
RB: See lower levels.
CS: See next lower level.

2.1.4.1.1 Translocation

D: The internal movement of material from one part of a plant to
another.

C: This process is dependent upon the nature of the plant and the
chemical properties and form of the material.

F: PR061
RB: Included.
CS: 9 (some indirectly and most only for root vegetables).

2.1.4.2 Livestock and Natural/Seminatural Fauna

RB: See lower levels.
CS: See next lower level.

2.1.4.2.1 Internal Transfer within Animals

D: The transfer of material from animal feed to tissues which may be
consumed by other biota and humans.

F: PR074
RB: Included.
CS: 10

2.2 Events and Processes Related to H u m a n Activi ty

D: Human activities that could result in: an alteration of the
environmental media properties with effects in the natural transport
processes; and radionuclide transport or intake processes.

-- C: Human impact on the environment is an important feature of the
overall environmental system description. This may vary from major
industrial development of an area to basic changes to natural physical
and biogeochemical cycles brought about by human activity. It is
relevant to note that most radioecological data, which form the basis
for parameter selection in biosphere assessments, are based on
systems influenced by human activity.

F: None
RB: See lower levels.
CS: See next lower level.

2.2.1 Chemical Changes by Human Action

D: Human activities causing chemical changes.
F: PH001
RB: See lower level.
CS: See next lower level.
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2.2.1.1 Chemical Pollution

D: Human activities causing chemical changes such as chemical pollution.
C: A consequence of human activity. Could be treated as a Feature. It

depends on the level of the development of the society. Level of
development can be, for example, high, medium or low.

F: PH002
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.1.1.1 Acid Rain

D: Acid precipitation or acid deposition will produce acidification
complex processes in soil or water bodies.

C: Emissions of sulphur dioxide and nitrogen oxides from man-made
sources are the precursors of the effect.

F: PR004
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.2 Physical Changes by Human Action

D: Human actions causing physical changes, eg, recycling, dredging,
changes in land use, dam building, excavations.

F: PH003
RB: See lower level.
CS: See next lower level.

2.2.2.1 Human Effects on Water Potentials

D: Human activities with effect on water.
C: It is a consequence of human activity
F: PH004
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.2.2 Dam Building

D: Construction of structures to retain surface waters.
C: Dam construction may cause significant movements of solid material,

and modify the structure of the system being modelled.
F: PH016
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.2.3 Land Reclamation

D: Land reclamation eg, from rivers, lakes or sea.
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F: PH025
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.3 Recycling of Materials and Mixing by Human Action

D: A variety of activities consistent with the assumed subsistence
agriculture.

RB: See lower levels.
CS: See next lower level.

2.2.3.1 Ploughing

D: Ploughing is an agricultural practice, which turns over the soil.
F: PH012, PH013
RB: Included.
CS: 10 (implicitly because of homogeneous top soil is assumed, some only

for arable soil).

2.2.3.2 Recycling of Solid Materials

D: Recycling of solid materials.
F: PH017, PH018, PH019, PH020, PH021
RB: Not included because not consistent with assumptions subsistence

agriculture.
CS: 0

2.2.3.3 Soil Fertilization

D: Fertilization with contaminated crop residues, ashes, green manure or
cattle manure could add activity to the soil.

RB: Implicitly assumed by neglecting the removal of contaminants from the
biosphere media such as soils and water by plants, animals and
humans.

CS: Some participants assumed that contaminants are lost from the
system by cropping.

2.2.4 Radionuclide Transport Mediated by Human Action

D: Human actions can result in direct transport of contaminated water or
materials from one environmental medium to another.

RB: Not included because not consistent with assumptions of subsistence
agriculture.

CS: 0

2.2.4.1 Water Extraction

D: Extraction of water from surface water or wells used for drinking by
humans and /o r animals. In same cases processes of removal of
contaminants by water treatment could be considered.

F: PH007
RB: Included.
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CS: 10

2.2.4.1.1 Well Supply

D: Extraction of water from an aquifer.
F: PH005
RB: Included.
CS: 3

2.2.4.1.2 Irrigation

D: The use of contaminated water from surface water bodies or a well to
irrigate crops.

F: PH006
RB: Included.
CS: 10

2.2.4.2 Water Recharge by Humans

D: Recharge of non contaminated water to the water bodies of the
system. This would dilute contaminants.

F: PH008
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.4.3 Artificial Mixing of Lakes

D: Artificial mixing of lakes.
F: PH009
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.2.4.4 Solid Material Transport

D: The transport of solid material between environmental media and
environments.

C: It is a group of FEPs
F: PR025, PH010
RB: See lower levels.
CS: See next lower level.

2.2.4.4.1 Dredging of Sediments for Soil

D: Human actions may cause significant movements of solid materials:
dredging of sediments from lakes, rivers and placement on soil.

F: PH014
RB: Included.
CS: 10
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2.2.4.4.2 Earth Works

D: Human actions may cause significant movement of solid materials.
These actions are exclusively building activities.

F: PH015, PH023
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.3 Events and Processes Related to Human Exposure

D: Human habits or activities related to contaminated materials or
substances leading to an external or internal exposure.

C: For calculation of radiation doses the critical group definition should
be coherent with these events and processes.

F: None
RB: See lower levels.
CS: See next lower level.

2.3.1 Human Habits

D: A general description of the influences of human society on
radiological exposure.

C: A key feature of the assumptions associated with behaviour of the
local community in a contaminated environment is the description of
those habits and activities that may lead to radiation exposure. In
practice, the definition of behaviour leading to exposure is the main
component of definition of the critical group. The assumed habits of
the critical group should be consistent with wider assumptions
adopted concerning the inter-relationships in the local community and
other aspects of the assumed societal context. More details of the
biosphere processes associated with human exposure are addressed
in the FEP List under PROCESSES.

F: SO004
RB: See lower levels.
CS: See next lower level.

2.3.1.1 Resource Usage •

D: Human habits in the natural and agricultural contaminated resources
usage could lead in a source for human exposure.

C: Natural/seminatural and agricultural resources as well as water
resources are related to the environment system description.

RB: Assumed to be consistent with the assumption of a subsistence
agricultural community (remark: the available data should be checked
carefully).

CS: The following products were assumed:
8 grass
10 grain
10 root crops
10 leaf vegetables
10 cows for milk
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10 cows for meat
10 poultry eggs
10 fish

2.3.1.2 Storage of Products

D: Storage of products resulting in decay of radioactivity.
C: Some agricultural products are usually stored for a certain periods of

time depending on specific human habits and purposes.
F: PH027
RB: Not included.
CS: 2

2.3.1.3 Air, Water and Food Processing

D: Processing causing decontamination or concentration of
contamination.

F: PH032
RB: See lower level.
CS: See next lower level.

2.3.1.3.1 Water Filtration

D: Filtration of water for drinking purposes, or for other purposes.
F: PH026, PH030
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 2

2.3.1.3.2 Air Filtration

D: Filtration of air by natural or artificial mechanisms.
F: PH029
RB: Not included because not consistent with assumptions of subsistence

agriculture.
CS: 0

2.3.1.3.3 Food Processing ,

D: Preparation of food which may modify contaminant concentrations in
the final material consumed.

F: PH030
RB: Included, should be consistent with assumption of obsistence

agriculture.
CS: 4

2.3.1.3.4 Ventilation

D: Active ventilation of houses or rooms within houses.
C: Taken to mean ventilation beyond simple effects of doors and

windows.
F: PH031
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RB: Not included because not consistent with assumptions of subsistence
agriculture.

CS: 0

2.3.1.4 Location/Shielding Factors

D: Shielding and other reduction factors for calculation of external
radiation doses.

F: PH028
RB: Assumed to be consistent with the assumption of a subsistence

agricultural community.
CS: 10

2.3.1.5 Diet

D: Consumption rates of different products.
- C: Specific habits of the population resulting in a site specific diet.

RB: Assumed to be consistent with the assumption of a subsistence
agricultural community (data to be checked).

CS: The following products were assumed to be consumed:
10 ingestion of milk, leafy vegetables, root vegetables, grain, meat,

fish, eggs, water, air for inhalation.
9 soil on food products.
1 pica (consumption of soil).

2.3.2 External Irradiation Processes

D: Potential exposures to contaminated sources resulting in an external
irradiation of the human critical group considered in the assessment.

C: Taking into account underground repositories, soils, sediments or
water could result in more important sources of external exposure
than other sources such as atmosphere, fauna and flora or other
contaminated materials.

F: EX003, EX004, EX005, EX006, EX007, EX008, EX009, EX010, EX011,
EX012, EX013

RB: Assumed to be consistent with the assumption of a subsistence
agricultural community.

CS: 10 from soil.

2.3.3 Internal Exposure Processes

D: Potential intake of contamination resulting in internal irradiation.
F: EX014
RB: See lower levels.
CS: See next lower level.

2.3.3.1 Intake

D: Incorporation of radionuclides into the body.
C: Applies both to animals intended for human consumption as well as

to humans. This FEP includes a number of lower level FEPs.
F: PR082, EX001
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RB: See next lower levels.
CS: See next lower level.

2.3.3.1.1 Inhalation

D: Incorporation of radioactivity into the body due to breathing air,
including aerosols of resuspended dust and gases.

F: EX002, EX039, EX040
RB: Assumed to be consistent with the assumption of a subsistence

agricultural community.
CS: 10 see 2.3.1.5.

2.3.3.1.2 Ingestion

D: Incorporation of radioactivity in water or contaminated substances
via ingestion.

C: Diet and specific consumption habits will determine the ingestion
rates of liquids and food for the critical group.

F: EX015, EX016, EX017, EX018, EX019, EX020, EX021, EX022, EX023,
EX024, EX025, EX026, EX027, EX028, EX029, EX030, EX031, EX032,
EX033, EX034, EX035, EX036, EX038

RB: Assumed to be consistent with the assumption of a subsistence
agricultural community.

CS: 10 see 2.3.1.5.

2.3.3.1.3 Dermal Absorption

D: Absorption of contaminated substances through the skin.
F: EX042
RB: Not included.
CS: 0
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Appendix A2: Critical Groups: Survey
and Recommended Approaches

A2.1 Introduction

The Reference Biospheres Working Group (RBWG) within BIOMOVS II is
attempting to provide "reference" approaches to dealing with the biosphere.
In broad terms, this is being done in order to provide capability to make
quantitative assessments of future health impacts due to deep geologic
disposal of solid radioactive wastes. Perhaps the most significant
components of the biosphere are those involving humans. Certainly human
physiology must be considered when estimating the health impact due to the
direct inhalation or ingestion of various contaminants. More significantly,
human behavior plays a major role in shaping the biosphere itself. Depending
on individual and societal behaviors and levels of technology, the biosphere
modeler may need to consider a wide variety of potential exposure
pathways.

Since potential release of radionuclides from the geosphere into the biosphere
is not anticipated to occur any time in the near future, human behavior,
society, and perhaps even human physiology will be markedly different from
what it is today. For example, it is impossible to know for certain whether
anyone will be living in the vicinity of the repository at the time of the release
to the biosphere. Assuming people do live in the vicinity, it is also impossible
to know what they may be doing and what their physical characteristics will
be. Neither can we know the details of the specific exposure pathways that
may come into play. However, it is necessary to be able to quantitatively
define both the relevant human characteristics and exposure pathways to
some degree before it is possible to quantitatively assess potential health
effects to these people.

Repository performance assessments are commonly carried out in order to
demonstrate compliance with dose limits.1 The group of people for whom
dose assessments are commonly carried out has been termed the "critical
group". The concept of a critical group has been developed in radiological
protection over many years. It is not obvious who first coined the term
critical group. The International Commission on Radiological Protection
(ICRP) used the term in ICRP 26 published in 1977 [ICRP, 1977], which is

i The term dose as applied to radiation exposure is a complicated quantity. In precise
technical usage, it is necessary to apply various qualifiers according to whether the 'dose'
referred to is a measure of charge or energy deposition, or whether allowance is being made for
radiation type in terms of linear energy transfer, or whether allowance is being made for the
type of tissue receiving the dose and the risk consequences of that particular tissue exposure.
ICRP most recently revised dose definitions as relevant to radiological protection {as opposed to
dosimetry} in ICRP 60 [ICRP, 1991]. The most generally relevant protection quantity introduced
in ICRP-60 is 'effective dose'. For a full explanation see ICRP [1991]. In this Appendix
qualifiers such as 'effective' are omitted for easy reading, except where necessary to make
important distinctions among types of exposure.
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probably far back enough to be a suitable starring point for discussion here.
The basis for limitation of individual exposures was the quantity weighted
mean whole body dose equivalent.

It can be understood that radiation exposure may arise through three main
exposure modes: ingestion, inhalation and external irradiation. For each of
these exposure modes there is a large number of actual or potential exposure
pathways: eg, ingestion of different types of food, or ingestion of dirt;
inhalation of air or dusts generated in different circumstances; and external
irradiation from ground surfaces or due to immersion in contaminated liquids,
and so on. According to the circumstances of radionuclide release to the
environment and the particular radionuclides involved, different exposure
pathways will be more or less significant. The level of radiation exposure will
also depend on what the people concerned are doing, eg, how much are they
eating of different foods. For any particular set of circumstances, these
factors combine to give rise to a particular distribution of individual doses
among the exposed population. In broad terms, a key factor in permitting
discharge of radionuclides to the environment, or in authorizing solid waste
disposal, is to limit exposures to a representative member of the critical
group. For any estimate of future impacts there is a hypothetical element to
the definition of this critical group.

Because of the time frames involved, when assessing the radiological impacts
of potential future releases of radionuclides from a radioactive waste
repository, there is no direct analogue of the existing community within which
potential critical groups can be identified. Thus, in the assessment
methodology, the existing community can be replaced by a hypothetical
community assumed to be located such that its primary area of resource
utilization includes those localities and environmental materials which exhibit
the highest concentrations of repository derived radionuclides. Hence it is
appropriate to replace the term 'critical group' with 'hypothetical critical
group' in the context of solid waste disposal assessments.

Since the majority of the members of the RBWG are interested in the deep
geologic disposal of radioactive wastes, the examples given and approaches
taken in this Appendix are given in terms of assessing radiation doses to
humans. However, the general approach taken to defining relevant human
characteristics in order to carry out a health risk assessment are equally
applicable to the deep disposal of non-radioactive wastes.

In practice, one of two approaches is taken to providing the necessary
components for conducting a dose assessment. Either the locations and
characteristics of the individuals are first defined followed by assigning
appropriate exposure pathways consistent with these locations and
characteristics, or the opposite approach is taken: exposure pathways are
defined according to assumptions for how radionuclides emerge from the
geosphere and then accumulate in biosphere media, followed by definition of
human characteristics that are relevant to human interaction with these
media.

If one chooses the first approach, the characteristics of future humans
important to assessing doses (such as where they derive water for drinking
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and agriculture, the food they eat, the materials they use for shelter, etc) must
be defined as part of the dose assessment exercise. The basis for deciding
these characteristics should be defined in advance so as to provide credibility
to the assessment. As alluded to earlier, specific land use practices, such as
agriculture and construction using natural materials, can greatly affect the
exposure pathways leading to significant human exposure. Therefore,
properly defining future human characteristics is essential to identifying the
important exposure pathways and conducting the dose assessment.

In the second approach decisions about critical groups have to be deferred
until a clear specification of the type of release (from the geosphere) is
provided.

A single international definition of critical groups is not adequate given the
significant differences in regulatory guidance, fundamental differences in
future biospheres, and differences in preferred modeling approaches.
However, there are many common aspects to approaches to the definition of
critical groups that are taken. These approaches are rooted in the knowledge
that there are significant exposure pathways common to almost all dose
assessments. There are also many common problems in the development of
critical groups that must represent future human behavior. Nobody has the
advantage or knowing what future human behavior will be like - even though
it has a major impact on the dose assessment. In addition, there is a large
variety of factors that could be included as characteristics that must be
defined in the dose assessment.

The choice of the hypothetical critical group(s) to be used in a dose
assessment is based on assumptions about future human behavior. Because
future human behavior is not known these assumptions must be necessarily
rather arbitrary. Since it has been shown that the assumptions chosen will
influence substantially the outcome of the dose assessment, it is essential that
the assumptions made be consistent with a specific assessment philosophy in
those cases where dose assessments are performed to support the licensing of
radioactive waste disposal facilities. Therefore, the first step in developing a
successful approach to critical groups is for the assessment philosophy
regarding critical groups to be both dear and self-consistent.

Noting the above, the RBWG has produced this Appendix in an effort to put
down in writing some of the relevant approaches, experiences, and
suggestions. In addition, some of the unresolved issues regarding critical
group definitions have been identified. The review should not be regarded as
comprehensive and the suggestions made are preliminary in nature.

A2.2 Development of a Self-Consistent Assessment Philosophy

Dose assessments made for the deep geologic disposal of radioactive wastes
can be done for a variety of reasons. They can be done to distinguish
between alternative disposal sites, or alternative engineered barriers to the
release and/or transport of radionuclides. Once a site and set of engineered
barriers have been chosen, dose assessment(s) will be performed to assess
whether or not the system is "safe". This is formally done in the licensing
process by demonstrating compliance with regulatory criteria. Therefore,
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even before the regulatory criteria are established it is necessary to have a
philosophy regarding what "safe" means. For illustrative purposes in this
Appendix we have labeled this philosophy the "assessment philosophy".
This is because we have primarily concerned ourselves with how the
overarching "assessment philosophy" regarding critical groups is (and should
be) manifested in the regulatory criteria and dose assessments performed to
demonstrate compliance.

There is a wide variety of assessment approaches that are taken regarding
critical group characterization. These range from rather prescriptive
approaches describing the kinds of human behavior that should be assumed
to those with no guidance at all. The primary distinction between the
different assessment approaches to critical groups is the degree of
conservatism. The degree of conservatism should be reflected in the
regulatory or guidance philosophy chosen. The RBWG recognizes that a
consistent assessment philosophy regarding critical group definition is
necessary in order to avoid confusion in the development of regulatory
guidance, and the implementation of critical groups in dose assessment. A
clear and consistent assessment philosophy will make it much easier to
answer the following general questions:

• How large should the critical group be?

• How homogeneous should the critical group be?

• How conservative should the assumptions about critical group
behavior be?

• What level of detail should be included in the definition of
critical groups?

Because of the variety of assessment philosophies that are possible, it is
useful to define, for illustrative purposes, two different philosophies
representing some of the approaches that are found today. For lack of better
words, the first philosophy is termed "cautious"; the second is termed
"equitable". These two approaches are not to be construed as opposites.
That is, a "cautious" approach should not be considered "inequitable";
similarly, an "equitable" approach should not be considered reckless. Rather,
they represent two illustrations along a philosophical continuum. The RBWG
neither endorses nor rejects any particular assessment philosophy. The two
philosophies presented are illustrations of valid alternate philosophies for the
purpose of suggesting approaches to the development and implementation of
critical groups that are consistent with a given assessment philosophy.

A2.2.1 The "cautious" Regulatory Philosophy

For the purposes of this report, the "cautious" assessment philosophy is
based on the assumption that radioactive waste disposal is an involuntary
risk from a man-made source from which future generations will derive no
benefit. Society's general fear of radiation may also influence legislators
and/or regulators to establish very strict regulations, beyond those
associated with other risks. The basic principle for the "cautious"
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philosophy regarding critical groups would then be to make sure that nobody
will ever receive anything more than a small dose (or health risk) from
radioactive waste disposal. Therefore, strict regulatory dose or risk limits
(rather than guidance) are in order.

or?
"Equitable M philosophy •-
considers this population

i "Cautious" philosophy
~n considers this population

•8
eo<u

Jo
o D<

Q

3

a

Hypothetical Population Size

Maximally Hypothetical individuals with
exposed •• successively decreasing
hypothetical individual dose rates
individual

Figure'A2.1: Average Individual Dose Rate as a Function
of Exposed Population Size for a Hypothetical Release

Figure A2.1 is an illustration of what a distribution of doses to a hypothetical
population due to the potential release of radionuclides from a radioactive
waste disposal facility may look like. The x-axis is the size of the population
considered with the individual dose rates successively decreasing with each
individual (ie, the dose rate to individual 'n+V is less than the dose rate to
individual '«')• The y-axis represents the average individual dose rate for the
given population size, D (N). Formally,
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It is important to remember that Figure A2.1 is merely illustrative. It is not
based on any actual dose assessment application. However, it is reasonable
to assume that the shape of the curve is generally correct in a qualitative
sense. That is, experience with present day releases suggests that there is
likely to be a relatively small group who, due to a combination of location,
societal, and individual characteristics, would receive higher individual doses
than the rest of the population. There may also be a somewhat larger group,
for example, those living generally downstream of the disposal facility, who'
would receive larger individual doses than populations living far away. This
is qualitatively represented by the middle plateau of the curve. Finally, the
vast majority of the hypothetical population is expected to receive little or no
exposure. This is represented by the portion of the curve farthest to the right
that is descending toward zero dose rate.

As indicated in Figure A2.1, the "cautious" assessment philosophy will focus
on only those few hypothetical individuals who would receive the highest
doses. In the most extreme, the "cautious" philosophy may only consider the
"maximally exposed" individual. Dose rate limits applied to this relatively
small hypothetical critical group with only the very highest potential
exposures may be similar to or less than natural background radiation to the
general population in the "cautious" approach.

Two examples of existing regulations and guidance that appear similar to this
"cautious" approach are found in the groundwater protection portion of the
US Environmental Protection Agency regulation 40CFR191 [USEPA, 1993]
and the International Commission on Radiological Protection's document
ICRP 26 [ICRP, 1977]. 40CFR191 uses the concept of a "maximally exposed
individual" - defined as a person who obtains his/her entire drinking water
supply from the most contaminated portion of the groundwater plume
containing the radionuclides. No account is taken of the likelihood of such an
individual existing in the future; rather, the maximally exposed individual is
always assumed to be present. Note that use of abstracted water for
drinking may not be the pathway giving rise to the largest doses associated
with use of abstracted water. (Eg, see Charles and Smith [1991].) Illustrative
analysis of the likelihood of an average individual with "maximally exposed"
behavior [EPRI, 1994] suggests that the "maximally exposed individual
concept" will result in estimated doses that are several orders of magnitude
larger than the individual dose averaged over the local population assumed
living in the immediate vicinity of the waste disposal facility. Furthermore,
40CFR191 stipulates the maximally exposed individual should receive no
more than 0.04 mSv per year from drinking groundwater contaminated with
radionuclides from a radioactive waste disposal source. This represents
generally less than ten percent of the natural background dose that most
people would receive. Thus, the use of a maximally exposed individual
coupled with a fairly low dose rate limit for this individual makes this
regulation extremely "cautious" in terms of assessment philosophy.

The critical group approach found in ICRP 26 is somewhat less "cautious"
than that found in 40CFR191. ICRP 26 noted [ICRP, 1977, para 85] that:

"... the actual doses received by individuals will vary depending on
factors such as their age, size, metabolism and customs, as well as

A2.6



BIOMOVS II
TR6

variations in the environment With exposure of members of the
public, it is usually feasible to take account of these sources of
variability by selection of appropriate critical groups within the
population, provided the critical group is small enough to be relatively
homogeneous with respect to age, diet and those aspects of behavior
that affect the doses received. Such a group should be representative
of those individuals in the population expected to receive the highest
(dose), and the Commission believes that it will be reasonable to
apply the appropriate (dose) limit for members of the public to the
mean (dose received by members of this group). Because of the innate
variability within an apparently homogeneous group, some members
of the critical group will receive a (dose) somewhat higher than the
mean."

The approach adopted in the ICRP 26 guidance regcognizes that a few
individuals will receive higher doses than the average of the critical group, so,
in this respect, it is somewhat less "cautious" than 40CFR191. Other
organizations [eg, NRC, 1995] have interpreted the ICRP 26 guidance to
imply there should only be roughly a factor of two to three difference between
the dose calculated for the critical group average and that of the "maximally
exposed individual". The ICRP critical group approach first set forth in ICRP
26 was later included in ICRP 46 [ICRP, 1985] - guidance for radioactive
waste disposal underground. As will be discussed in more detail below this
"near cautious" approach recommended in ICRP 46 has been widely adopted
for radioactive waste disposal in other international guidance and by
national regulatory agencies. However, note that revised recommendations
on assumptions for risk per unit dose [ICRP, 1991] and the concept of a dose
constraint [ICRP, 1991] mean that the numerical values given in ICRP 46 are,
to a degree, obsolete, or at least subject to re-interpretation.

A2.2.2 The "equitable" Philosophy

For the illustrative purposes of this report, the "equitable" assessment
philosophy is based on the assumption that radioactive waste disposal
constitutes a health risk to present and future generations like many other
risks society chooses to tolerate. Therefore, it should be regulated to the same
level as other risks society currently chooses to tolerate. That is, an equitable
approach should be taken to risk management. An appropriate definition of
"tolerability" can be found in "The Tolerability of Risk from Nuclear Power
Stations" [Health & Safety Executive, 1992].

'Tolerability' does not mean 'acceptability'. It refers to a willingness
to live with a risk so as to secure certain benefits and in the confidence
that it is being properly controlled. To tolerate a risk means that we
do not regard it as negligible or something we might ignore, but rather
as something we need to keep under review and reduce still further if
and as we can. For a risk to be 'acceptable' on the other hand means
that for purposes of life or work, we are prepared to take it pretty
well as it is.

Many of the levels of risk that society currently "tolerates" are based on
society-wide averages, rather than on specific, higher risk subgroups. This is
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shown in Figure A2.1. In the case of the "equitable" approach, the size of the
hypothetical critical group would be roughly the size of the entire
hypothetical local population. This will be discussed in more detail later on.

Health risk levels that are broadly tolerated by today's society span several
orders of magnitude. However, annual individual health risk levels on the
order of 10"6 to 10-5, as shown in Table A2.1, might be considered
appropriate for radioactive waste disposal because they roughly correspond
to involuntary risks from man-made sources. Risk levels in this range have
been recommended in ICRP 46 [ICRP, 1985], and were suggested as a
"starting point for discussion" by the US National Academy of Sciences
committee that recommended the form of a performance standard for the
candidate HLW repository at Yucca Mountain, USA [NRC, 1995]. Although
most of the risk data reported in Table A2.1 are US-specific, they are roughly
similar in most industrialized nations.

None of the risks listed in Table A2.1 is exactly similar to the case of
radioactive waste disposal, where the risk from a man-made source is
involuntary and has consequences to future generations. However, based on
the regulatory philosophy of risks broadly "tolerable" to society, it would
likely not be broadly tolerable to allow a risk level higher than on the order of
10-5 per year due to radioactive waste disposal, although a limit lower than
approximately 10-6 per year could still be considered overly stringent if an
"equitable" assessment philosophy were to be adopted.

The second point about Table A2.1 is that, except for the excess health risk
of living in Denver or Midwestern tornadoes, the risk levels listed here are
averaged over the entire US population, rather than some smaller "most at
risk" group. When averaging in this manner, some people are included in the
average who have zero to near zero risk; others have a risk presumably much
higher than the average. This is suggested by the fact that Midwesterners
have a risk of death due to tornadoes that is roughly four times higher than
the US average. Presumably, even smaller groups of Midwesterners with even
higher average tornado risks could be identified. Thus, there is tremendous
inhomogeneity in risk in the groups, an inhomogeneity which society (and
regulators) broadly tolerate.

It may also be useful to examine the population risk in addition to the
individual risk of the values given in Table A2.1. Assuming a US population
of approximately 2xlO8, an individual risk level of 10"6 per year corresponds
to an average of 200 deaths annually. It seems, then, that US society broadly
tolerates, for example, approximately 8,400 motor vehicle pedestrian
collision deaths and 120 deaths due to lightning annually across the entire
US. In contrast, the population living in the vicinity of a release associated
with HLW disposal will likely be several orders of magnitude smaller than
the entire US population, assuming aqueous release pathways.
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Risk Source

"Involuntary" risks involving humans:

Motor vehicle pedestrian collisions
Extra fatal cancer risk living in Denver2

Poisonings by solids and liquids:
excluding drugs/medications

Electrocution
Being struck by a crashing airplane

Natural "Involuntary" risks:

Radon
Tornadoes (Midwest US average)
Tornadoes (US average)
Floods
Lightning

Risk levels used by regulators:

US EPA general risk limit range3

Receiving 1 mSv/yr (100 mrem/yr)4

Risk comparisons:

All causes of death in the US
All cancers

Annual Risk
of Death

per million persons

42
10

6.0
5.3
4.0

56
2.2
0.6
0.6
0.5

1-1000
50

9000
3400
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Reference

Wilson and Crouch [1982]
Wilson [1980]

Wilson and Crouch [1982]
Wilson and Crouch [1982]
Harvard Center of Risk Analysi
[1992]

National Safety Council [1990]
Dinman[1980]
Wilson and Crouch [1982]
Wilson and Crouch [1982]
Wilson and Crouch [1982]

Reilly [1992]
ICRP[1991]

AtaIIah[198O]
Atallah[1980]

Table A2.1: Annual Risk of Death per Million Persons
(US average data generally reported)

Another way to suggest that an individual health risk criterion (assuming the
individual health risk is averaged over the entire local population) in the 10 -6 to
10-5 range is "equitable" would be to compare the total number of health effects
caused by radioactive waste disposal over the lifetime of the repository to other
risk totals society currently tolerates in a single year. A hypothetical subsistence
farming community, often considered to have characteristics causing the highest
exposure, may be no more than of the order of 100 persons. Assuming the risk,

2 Compared to living in New York. Note: this could be considered by some to be a natural,
involuntary risk.

3 "Merely for comparison, EPA generally sets its standards or regulations so that risks are
below l-in-1,000 to 1-in- one million."

4 Nuclear regulatory agencies from many nations use annual dose limits (from a single
source) to the general public in the 0.1 to 1 mSv range.
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averaged over the entire local population, was a constant 10-6 to 1O5 per year for
one million years, and the total local subsistence community population size,
averaged over one million years, was 100, then one could expect 100 to 1000
deaths in the local populations over a one million-year period, or an average of
one death every 1000 to 10,000 years (or one death every 40 to 400
generations). Therefore, a risk level of 10"6 to 10-5 per year to the entire local
population affected by the HLW repository for the life of the repository
(assumed on the order of one million years) could well be less than or roughly
equal to that due to the hazards from some of the more common risks very
large populations broadly tolerate in a single year. The conclusion is that an
annual risk to an average individual in the local population on the order of 10"6 to
IO-5 appears to be reasonably "equitable" based on the assumption that
society broadly tolerates annual risks for a much larger population or this same
order of magnitude.

If one assumes that risks can be averaged over a population with a large
amount of risk heterogeneity, then it is reasonable to take a more probabilistic
approach to the definition of the average individual. Such an approach has
been taken in an illustrative manner by the Electric Power Research Institute
(EPRI) in a recent performance assessment exercise for the candidate HLW
repository at Yucca Mountain (EPRI [1994]). This exercise suggested that
doses (or health risks) calculated for a "maximally exposed individual" may be
two to six orders of magnitude larger than that for an individual with
characteristics representing the average for the local population. Thus,
fundamental differences in regulatory philosophy will result in fundamental
differences in calculated health risk or dose to the critical group.

It may be noted that estimates of risk per unit dose adopted from ICRP
recommendations [ICRP, 1991] apply as averages over large populations. The
average individual risks arising from a given level of exposure to a particular
small group could be quite different from those for a larger population. Risks
to particular individuals for that same level of exposure would probably vary
over a still larger range.

A confounding factor in this discussion is the degree of conservatism implicit in
setting annual dose limits on the basis of a committed effective dose. In the
context of internal exposure, this presumes that it is necessary to limit intakes
in a year assuming previous annual intakes have been at the limit. This
presumption in dosimetry and in setting of limits should be borne in mind when
deciding on assumptions for human behavior related to exposure pathways.

A further confounding factor is that the health physics community is itself not
of one voice in determining the significance of very small doses [HPS, 1996] nor
in the appropriateness of health physicists choosing the weighting factors in
effective dose which relate the significance of fatal and non-fatal cancers
[Summer, 1996]. The latter issue involves societal value judgements, which, as
with other as components of critical group definition, migh better be a matter of
public policy than scientific debate.
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A2.2.3 Summary

Table A2.2 provides a summary of the "cautious" and "equitable" assessment
philosophies and their relation to specific regulatory issues. As discussed
above, these philosophies are considerably different and will result in
significantly different approaches to critical groups.

To summarize arguments regarding critical groups, the RBWG cannot over-
emphasize the importance of providing a clear assessment philosophy. The
approach to both the form and numerical value of the limit imposed by the
regulations based on the assessment philosophy must be consistent with the
definition of the critical group. It is important to note that many of the current
recommendations and regulations contain components of both the "cautions"
and the "equitable" philosophies. As noted earlier, ICRP 46 employs a critical
group definition that is "near cautious"; however, the dose rate or health risk
limit that is applied to this critical group is more similar to the "equitable"
approach. This could lead to confusion in implementing the critical group
approach since ICRP 46 does not provide much detail as to how one chooses
specific critical group characteristics. Without a detailed description of the
assessment philosophy, it will be difficult for the regulator to provide
adequately detailed guidance to the implementor. Without this detailed
guidance from the regulator, controversy surrounding the implementor's
approach to critical groups for compliance purposes may be unavoidable.

A2.3 Existing National and International Definitions

This Section reviews and discusses existing national and international
definitions and associated regulatory and other guidance on or relevant to the
definitions of critical groups.

A2.3.1 ICRP and Related International Developments Origins of the Critical
Group Concept and Emerging Conceptual Issues

ICRP's description of a critical group is given in Section A2.2.1. It should be
noted that this definition was developed in the context of present day releases.

ICRP describe the identification or selection of critical groups only as "usually
feasible". For analysis of situations involving present day releases, habit
surveys can be carried out to identify relevant human behavior, eg, with regard
to consumption rates or occupancy of the most contaminated media. However,
dose reconstruction relies on existence of suitable records, and analysis of
future releases has to rely on assumptions about future behavior.

A key issue that ICRP point out is the requirement of homogeneity within the
group if the level of protection intended is to be achieved.. Later it will be
shown that this requirement of critical group homogeneity forces the assessment
to consider only those in the upper few percentile in the distribution of
behavior.
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Table A2-2. Comparison of "Cautious" and "Equitable" Assessment
Philosophies Applied to Regulations

Regulatory Issue

Establishment of
Criteria

C o m p l i a n c e
Assessment (with
criteria)

"Cautious" Approach

Social perception of
unacceptable risks leads
to very strict regulation.
Adoption of strict (and
generally relatively low)
limits to dose or risk.

Acknowledgment of
assessment uncertainties
leads to preference for
managing such
uncertainty through
pessimistic assumptions
(eg, "maximally exposed
individual", tails of
distributions of intake
rates, etc.).

"Equitable" Approach

Acceptance of need for
limits, but these will be
set at generally higher
levels, consistent with
upper limits to risk
currently tolerated for
small groups in society.
A lower " t a r g e t "
dose/risk, consistent with
general populat ion
averages, will also be
established, below which
further optimization will
not typically be required.

Tendency for more
"realistic" assessment of
potential doses based on
"representative" members
of hypothetical critical
groups, and taking
account of present day
practices.

According to this approach, it follows that, according to the assessment, some
critical group members will get higher than the average dose assessed for the
group as a whole. (Some in the group would naturally get more than the
average.) In practice the actual highest doses received will not usually be
higher than the assessed mean to the group because, as ICRP put it, the
assessment generally includes other 'maximising assumptions', having the
effect that estimated doses will generally be higher than those actually
received. Therefore, this ICRP guidance can be considered conservative.

It follows that, in this approach, no attempt is made to define the
characteristics of literally the most exposed person or to determine their dose.
There is a built in recognition of the uncertainties and variabilities which make
such a task intractable and a built in assumption that a conservative level of
protection is nevertheless provided by consideration of the group of mostly
highly exposed people. This still leaves a significantly onerous task of
defining and justifying the assumptions for a representative member of that
group.
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ICRP also note in ICRP 26 [ICRP, 1977, para 121-123] that the optimization
process may push exposures of individuals into a region near to dose limits.
In this case, more realistic assumptions for critical groups should be employed.
The logic behind this is that the optimization process should not be biased by
unrealistic assumptions; an option should not be ruled out because of
unrealistic assumptions leading to unacceptably high estimates of individual
dose.

Taking this point further, Kritidis notes [Kritidis, 1991] that critical group
doses are no more than estimates of 'more or less upper limits of the actual
personal doses'. This working definition seems consistent with all the words
of ICRP, but also highlights 'a measure of freedom to (estimates of) the upper
values and reduces the credibility of comparisons between estimates provided
by different groups'. Finley et al [1994] illustrate the difficulties by presenting
distributions of various relevant behaviors, such as fish consumption, water
consumption, soil consumption and residential occupancy. These indicate
that, generally, the level at which the activity is performed grows steeply
somewhere within the upper 25th percentile of the distribution. This means
that the average value of some part of the distribution within the upper 25th
percentile can be very sensitive to the particular part of the distribution
chosen. It follows that the dose to (average members of)5 a critical group
whose behavior is represented by that part of the distribution will also be very
sensitive. These data also introduce the difficulty of whether or not to include
relatively unusual behavior, such as eating soil. In fact, data in Calabrese and
Stanek [1994] suggest non-trivial soil ingestion is more common than perhaps
is generally considered, such that any typical group of 30 or so small children
could be expected to include a few individuals who consume a lot more soil
than average. Are these outliers, to be excluded? Put another way, it is
difficult to define or identify an average value in the tail of a distribution of
behavior.

Consider briefly the aspects of critical groups separately: age, diet and other
behavior affecting doses. As an illustration, suppose the issue were
associated with contamination of dried baby-food. The critical group would
then presumably include infants and children, but probably not adults.
Relevant aspects of diet would include only the consumption of the particular
feed, not other foods.

The situation would be very different for release of contamination into a lake,
where many different habits could be relevant to the upper limit of exposures,
eg, drinking water, fishing, consuming fish, playing in the water and mud, not
all of which could necessarily be associated with a single homogeneous group.
The most relevant exposure pathways (ie, those giving rise to highest doses)
for such a release would be radionuclide dependent. For example, a highly
sorbed radionuclide with low biological uptake and a significant gamma

5 It is common for these words in parenthesis to be omitted, so that 'critical group dose'
comes to mean the average dose to individual members of that group. Such common usage may be
confusing if at some point one wishes to discuss the collective dose to that group. Further on in this
appendix the common usage is applied, and care is used to make discussion of collective doses to
critical groups explicitly clear.
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emission could give rise to highest doses via external irradiation from lakeside
sediments, whereas another radionuclide with high biological uptake but no
penetrating emissions could give rise to largest doses via fish consumption. If
many radionuclides with different characteristics are in the release, it will not
be obvious before some analysis is carried out which particular behavior gives
rise to the largest doses. The modelling of contaminant migration needs to
provide estimates of radionuclide concentrations in all the potentially relevant
media, and critical group assumptions pertaining to exposure via all those
media are required. For present day releases, it may be possible to determine
the assumptions from habit surveys. The survey results may also provide a
pointer to the more relevant environmental media, taking into account the
characteristics of the radionuclides in the release. For hypothetical situations,
for which specific behaviorial data are not available, it seems unreasonable to
prescribe the critical group assumptions without taking into account the
particular circumstances and nature of the release(s) under consideration.

Extension to the long term

All the above relates to dose assessment generally, not just to performance
assessment for long term waste disposal systems. It is clear that it is not
feasible to carry out surveys of future behavior. ICRP recognize this in their
advice on protection principles for solid waste disposal [ICRP, 1985]. They
suggest, para 46:

'When an actual group cannot be defined, a
hypothetical group or representative individual should
be considered who, due to location and time, would
receive the greatest dose. The habits and
characteristics of the group should be based upon
present knowledge using cautious, but reasonable,
assumptions. For example, the critical group could be
the group of people who might live in an area near a
repository and whose water would be obtained from a
nearby groundwater aquifer.'

This is a significant extension of the concept as described in ICRP 26 [ICRP,
1977]. Firstly, the group may be represented by an individual. Secondly, the
suggestion is that, for assessment purposes, one assumes that the group is
present to get the dose, even though they may not be. It is still recognised,
however, that the critical group dose represents the upper end of the
distribution of dose among the entire exposed population, not the absolute
maximum of that distribution. Thus, this additional ICRP advice could be
labeled near-'ultra' conservative.

The NEA offer similar advice [NEA, 1984]:

'.. the risk should be assessed for a hypothetical
individual or group who would be most at risk. The
location and time at which the individuals live should
be assumed to be that at which, and when, the risks are
greatest. The habits of the individual should be
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assumed to be an average of a hypothetical critical
group, defined on the basis of present human behavior
using pessimistic but not unrealistic assumptions.'

'Pessimistic but not unrealistic' stands in for ICRP's 'cautious, but
reasonable'.

IAEA [1989] define the critical group for HLW assessment as:

'.. the members of the public whose exposure is
reasonably homogeneous and is typical of individuals
receiving the highest (dose) from the source/

They also say the individuals may have to be defined hypothetically and that
their basic nutritional requirements and lifestyles are the same as those of
people today.

It may be noted that some aspects of the hypothetical critical group
characterisation are relatively straightforward. Age and body size in the
future may be assumed to have the same variability as they have now. Not
all population groups, however, have the same characteristics as those
assumed for ICRP's reference man [ICRP, 1975], which are the basis for
dosimetric metabolic assumptions. For example see Tanaka et al [1989] for
discussion of Japanese Reference Man.

The behaviorial aspects are less straightforward. ICRP say above that
present knowledge may be used. Presumably they mean that knowledge of
current day circumstances may be used as a basis for assumptions for the
future. This is helpful because it rules out assumptions for technological
developments, such as a cure for cancer. However, it is not clear whether
they mean knowledge of current behavior at the site under investigation, or
knowledge of any location. Given the potential for climate change over the
period of interest in long term PA, circumstances at widely different locations
today might be relevant to the assessment of a specific site.

A further aspect of long term PAs recognised by ICRP [1985] is that some
releases into the biosphere from a repository, albeit arguably at a very low
rate and a long time in the future, are quite likely to occur, ICRP call these
expected releases 'normal scenarios'. Others releases would only occur given
some unlikely event, such as a major alteration of the geological barrier by a
seismic event, or intrusion deep into the ground by humans. ICRP therefore
introduced a risk criterion for use in these cases, in addition to the dose
criterion for normal scenarios, which allows the probability of exposure to be
taken into account in judging acceptability. ICRP do not advise further on the
nature of the critical group with respect to these unlikely events. However, it
follows that the probability of exposure used in determining the risk is meant
to be related to the probability of the unlikely event, be it natural or the result
of human action. That is, if the unlikely event is associated with human
behavior, such as damage to near field or far field barriers by geological
exploration, then one can take the probability of that intrusive event into
account. It does not allow one additionally to take into account the
probability of the presence of the critical group whose exposure is increased
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as a result of reduced barrier effectiveness. (They may not be the same group
that perpetrated the intrusion.) To do so would be to contradict the approach
for normal scenarios. NEA specifically say that no credit should be taken for
the probability that an individual might not be present [NEA, 1984]. No
direct link is made between dose limits for normal scenarios and the definition
of critical groups, or between risk limits and critical group definitions.

Separate consideration should be given to human behavior that affects
releases from the geosphere (eg, borehole intrusion in the geosphere which
might result in contaminated material being brought directly to the surface, or
which modifies groundwater flow) and human behavior that affects estimates
of dose consequences once the release into the biosphere has occurred.
Critical groups may need to be developed with respect to direct release of
contaminated material due to human intrusion and for modified geosphere
releases, as well as for scenarios involving undisturbed evolution of the
geosphere. Human impacts on disposal systems have been considered by an
NEA group [NEA, 1995] but no quantitative advice on critical groups is
offered.

Justifying assumptions for human behavior in the far future in the context of
critical groups is bound to be problematic. In areas other than radioactive
waste management, the making of predictions on such a long term basis
would not normally be attempted. For example, the view can be taken that
human imagination is capable of absolute originality and so human behavior
is not amenable to absolute prediction. According to some, sciences which
deal with human behavior in terms of probability calculus are, at best,
misconceived [Shackle, 1961].

The radioactive waste management community has come to recognise this
difficulty and sets out the following conclusion in a consensus document
[IAEA/NEA/CEC, 1990] produced by committees of the NEA and IAEA
and endorsed by the Commission of the European Communities (CEC):

'Calculations of doses resulting from releases of
radioactivity into the environment several thousand
years or more from now are generally based on current
living habits. Any estimate of far future living habits
would be largely speculative. Such calculations are,
therefore, generally viewed as an illustration of what
the doses would be if the release occurred today, than
as a prediction of the actual dose to some human living
in the future. Thus, the assessed long-term radiological
consequences of disposal systems are normally
considered as indicators of safety that can be
compared to safety standards.'

The above paragraph draws back from any attempt at a precise prediction of
doses. If this is recognised in a particular national regulatory system for
waste disposal, then it has implications for the precision and degree of
justification for critical group assumptions used in PAs applied to that
system. By contrast, developments in the USA in the form of the NAS report
[NRC, 1995] tend in the opposite direction, by introducing more detailed
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consideration of critical group issues.

The term 'indicators of safety' has been taken up and special consideration
given to indicators in different time frames by an IAEA group [IAEA, 1994].
They note that:

'The size and distribution of future populations in the
vicinity of a repository cannot be known with any
useful precision. However, the size of the exposed
group is a factor to be considered in assessing the
significance of an event.'

IAEA do not quantitatively advise on how this factor should be taken into
account and there is no suggestion that there should be a numerical collective
dose limit. Swiss authorities have directly considered this factor, see Section
below.

Other indicators of safety, apart from doses and risks, include radionuclide
fluxes, environmental concentrations and radiotoxicity indices, none of which
is directly affected by critical group considerations. In the USA, these
indicators are called subsystem performance criteria. It could be said that
they are intended to avoid the problem of defining critical groups. The IAEA
intent appears to be not to detract from the dose estimates but to lend
additional support to the safety case. For example, if an interested party
does not find the assumptions behind dose estimates relevant or credible,
nevertheless comparison of natural activity levels and those arising from
repository releases may be helpful.

A2.3.2 National Regulations, Criteria and Guidance

Regulatory guidance from important example countries is set out below.
There is considerable variation from country to country, some having detailed
and specific solid waste disposal regulations and lengthy associated guidance
while others have only limited regulations referring to broad radiological
protection objectives and little or no explanation or guidance on
interpretation. In the latter case the operator, or any other person making the
assessment, has to significantly interpret or extend the regulations and
guidance. Where relevant, these interpretations are discussed in Section A2.4.

United Kingdom

Regulations in the UK do not refer to critical groups for repository PA.
However, regulatory guidance has been issued [Department of the
Environment et al, 1984] which sets out an objective of not exceeding a risk
limit which applies 'to any member of the public'. NRPB guidance6 [NRPB,
1992] says that such a criterion should be applied to an 'average member of
the critical group'. NRPB staff [Barraclough et al, 1992] offer further advice

6 The National Radiological Protection Board is not a regulatory body but is a national
authority whose function includes provision of advice to government departments on radiological
protection.
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to the effect that, for the period to 10,000 y, assumptions about human
behavior should be based on the concept of hypothetical critical groups,
rather than the idea of the most exposed individual. Such groups should be
assumed to exist at the time and place where the relevant environmental
concentrations are highest, and to have habits such that their exposure is
representative of the highest exposures which might be reasonably expected.

NRPB also note that, 'it is important, however, that hypothetical critical
groups should not be assigned habits which are too conservative, particularly
as the assumptions about their existence and location are conservative.' Later,
'Hypothetical critical groups may be selected on the basis of currently
observed behavior, but the group's habits should be broadly representative of
a type of area, rather than being based on particular extreme habits observed
at a particular time at a particular place.' This may be interpreted as
allowing for the potential exploitation of resources at a location, but not
assuming the more extreme exploitation of those resources. It would appear
that examples of behavior from other sites than the repository site are
potentially relevant, so long as they are similar in an exploitation context.
Over the period before and during radionuclide release to the biosphere,
conditions at the site may change, eg, due to changing climate. Other sites
which today represent those changed conditions might provide useful
analogues for future conditions at the site in question. For periods beyond
10,000 y, the increasing uncertainties are recognised and a 'reference
community' approach is suggested rather than a critical group. It is not clear
how the community would be different from the pre 10,000 y critical group,
but the idea seems to be to allow a less precisely defined group, or at least to
admit less direct justification for that group's behavior, given the longer time-
scale.

The overall NRPB approach may be reasonable for the long term, but is
different from the application of the concept to present day releases, where, if
extremes are observed then they are taken into account in the assessment. For
example, see Robinson et al [1994]. Here, for terrestrial foodchains, the
97.5th percentile of intake for the two foodstuffs which give the highest dose
is adopted, based on sampling from wide areas. For other terrestrial foods,
the average rate is assumed. For aquatic foodchains, local habit survey data
were used, arguably involving extremes of behavior in some instances, eg, at
the Heysham site, local fishermen consuming 54 kg/y of fish, 21 kg/y of
Crustacea and 22 kg/y of molluscs.

More recently the regulators have issued a consultation document [HMIP et al,
1994] which extends the 1984 advice referred to above. It is not thought
appropriate to anticipate the outcome of this consultation exercise, since a
previous consultation exercise held in 1994 only resulted in yet a further (ie,
this) round of consultation. However, provisionally, less weight is being given
to detailed consideration of critical groups based on the present day behavior
for so long as 10,000 y, as was suggested by Barraclough et al [1992].

Sweden

The main Swedish regulators have applied the following individual dose
related premise in judging the acceptability of LLW and ILW disposal at
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intermediate depth [SKI/SSI, 1994]:

'All radiation doses to individuals, regardless of (when
they occur) must be lower than the limits considered as
acceptable planning levels for other stages in the
nuclear fuel cycle.'

Concerning HLW, the Swedish authorities have worked with other Nordic
countries in developing a basis for national regulations [Nordic Radiation
Protection and Nuclear Safety Authorities, 1993]. This basis includes limits
and constraints on doses and risks (in the case of 'unlikely disruptive events')
to 'individuals'. There is recognition that:

'Because of different diets, living habits and
environmental conditions, there is always a 'tail' in the
individual dose or risk distribution. Sometimes this
'tail' may exceed the respective constraint though the
average value in the critical group remains
below Acceptance of the 'tail' in (this) distribution is
not contrary to (other) present practices and is
consistent with the individual protection principle.'

Dose predictions beyond 10,000 y are regarded as not well founded. Beyond
that time, release rates of repository radionuclides into the biosphere are
suggested as a relevant alternative indicator of risks, using natural fluxes for
comparison. (See discussion of IAEA [1994] above.)

Very recently the Swedish Radiation Protection Institute has issued new
criteria for HLW disposal [SSI, 1995]. However, this offers no advice on how
to define the critical group, but says best estimates of the critical group doses
should be made, not over-or under-estimates, and "include uncertainties".

Switzerland

The Swiss regulators provide explanatory comments with their regulatory
protection objectives [HSK/KSA, 1993]. They highlight the difficulties of long
term dose predictions and refer to indicators of impact rather than realistic
estimates. Nevertheless, these indicative dose and risk calculations should be
carried out for the distant future, at least for the maximum potential
consequences from the repository, despite the uncertainties related to the
condition of the biosphere and the existence of a population. They thereby
recognise the link between assumptions for environmental conditions and the
assumptions for the exposed group. They add that for these calculations,
reference biospheres and a potentially affected population group with
realistic, from a current point of view, living habits should be assumed.
Reference biospheres are not defined.

The Swiss regulations [HSK/KSA, 1993] include an annual individual dose
limit of 0.1 mSv y-1 at any time after site closure and a 1 in a million risk limit
for unlikely events and processes. Relaxation (unquantified) of these limits
may be acceptable if the number of persons exposed at these levels is very
small and the converse also applies. Thus, here, the size of the most
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significant population is taken into account, not with a collective dose limit
but with a possible variation in the individual limits. It can be seen, then, that
the Swiss approach of decreasing the limits for larger groups and increasing
the limits for smaller groups is quite 'equitable'.

Canada

The Atomic Energy Control Board (AECB) say [AECB, 1987] that:

'The individual risk requirements in the long term
should be applied to a (hypothetical critical) group of
people that is assumed to be located at a time and
place where the risks are likely to be the greatest,
irrespective of national boundaries.'

'Definition of the lifestyle of the hypothetical critical
group should be based on present human behavior
using conservative, yet reasonable, assumptions.'

The requirement to calculate doses and risks is limited to 10,000 y, though
reasoned arguments must be used to show that releases are not significantly
higher beyond that period. This tends to limit the range of environmental
conditions which might need to be considered for the critical group to exist
within.

AECB refer to deterministic and probabilistic calculations of risks and
indicate a preference for the probabilistic approach. For this approach, they
say that:

'the arithmetic mean value of the (dose) distribution
should be calculated and should be taken as
representative of the consequences predicted for an
exposure scenario.'

They also require assessment of possible impacts on representative reference
communities.

The Canadian Federal Environmental Review Panel [1992], not actually a
regulatory body, have recommended looking at doses to non-human biota,
which implies identifying critical groups among non-humans biota. This is
contrary to apparent requirements, according to advice from IAEA studies
[IAEA,1992], which, broadly suggests that controls sufficient to protect
mankind (as individuals) will be sufficient not to result in harm to other biota
(as species).

France

Radiological protection criteria for deep geological disposal are given in
[IPSN, 1992] including basic objectives, and recommendations on scenarios to
be analysed for deep geological disposal. An annual individual dose limit of
0.25 mSv y-1 is set for certain or highly probable releases. For unlikely random
events, natural or human actions, doses must well below levels liable to give
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rise to deterministic effects. Characteristics of man are to be assumed fixed
as at present with respect to radiation sensitivity, food requirements, and
scientific knowledge especially as regards technical and medical fields.
Situations to be taken into account include the effects of glaciation, at around
50,000 y, and other climatic changes. It follows that for releases which occur
on this timescale, assumptions for the biosphere and exposure pathways
should account for these changes. That is, a constant biosphere would not
seem a sufficient basis for evaluation.

Japan

Japan has no regulations on deep disposal. For the shallow land burial (SLB)
of LLW at Rokkasho, the Science and Technology Agency (STA) has set
requirements as follows. The legal framework is not prescriptive and the STA
provide supporting guidance:

• During institutional control period (approx. 300 y) the dose to
workers and the public should be governed by the ALARA
principle.

• After this, the dose to individuals from likely scenarios should
not exceed 0.01 mSv/y. For unlikely scenarios, the dose
should not significantly exceed 0.01 mSv/y.

No advice is given on the assumptions for individuals.

Finland

Relatively limited guidance is given in the regulations [STUK, 1991]. The
requirement is to calculate 'the upper bound for expectation value of annual
individual dose to any member of the public'. Note that there is no mention
of a 'critical group'.

Spain

Criteria for deep geological disposal are still under development. In BOE
[1992] a range of technical requirements and inventory limits are set for the
SLB facility atelCabril, as well as the following radiological requirements.

• Doses to the public shall be ALARA (no mention of economic
and social factors being taken into account), and, in any case

• doses to hypothetical individuals from all potential exposure
pathways shall be less than 0.01 mSv/y.

USA

Standards governing the geological disposal of high-level waste (HLW), for
sites other than at the proposed HLW repository site at Yucca Mountain (eg,
transuranic waste disposal at the Waste Isolation Pilot Project, have been
promulgated in 40 CFR Part 191. The Energy Policy Act of 1992 requires a
site-specific standard to be promulgated by the Environmental Protection
Agency for the proposed HLW repository at Yucca Mountain. The Act states
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that the standards shall prescribe the maximum annual effective dose
equivalent to individual members of the public from releases to the accessible
environment from radioactive materials stored or disposed of in the
repository [Wilson et al, 1994]. Note the use of pre ICRP-60 dose
terminology [ICRP, 1991], A study, required by the Act by the National
Research Council's National Academy of Sciences (NAS) supports the use of
reference biosphere(s) and critical group and recommended defining key
parameters in a formal rulemaking process [NAS, 1995]. EPA will develop
the new standards based on the recommendations of the NAS, and the
Nuclear Regulatory Commission (NRC) will develop regulations implementing
the EPA standards.'

Although 40 CFR Part 191 no longer applies to Yucca Mountain, two other
performance requirements defined there are relevant to the form a new
individual dose-based standard might take. Firstly section 191.15 states
that, for undisturbed repository performance, there should be a reasonable
expectation that for 10,000 years the annual committed effective dose to any
member of the public in the accessible environment will not exceed 15 mrem
(0.15 mSv), originally 25 mrem (0.25 mSv). This sounds similar to a dose
limit for normal scenarios, as suggested by ICRP but there is no mention of a
critical group. Secondly, section 191.24, also amended from its original form,
says that radionuclide concentrations in underground sources of water should
not exceed limits given in 40 CFR Part 141. This standard is effectively
limiting annual individual doses from drinking water to 4 mrem/y, or 0.04
mSv/y. However, this translation to a dose limit, presented in Wilson et al
[1994], does not allow for changes in dose definition and dosimetry
recommendations given in ICRP [1991]. Thus the concentration limits no
longer correspond to the 4 mrem limit, at least according to ICRP.

40 CFR Part 191 also sets containment requirements which have the effect of
limiting cancer deaths to less than 1000 within 10,000 years [EPA, 1985a].
Because of the assumed relationship between dose and risk this is effectively
a limit on the collective dose commitment, truncated at 10,000 years.
However, revised risk estimates per unit dose [ICRP, 1991] mean that the
implied limit on collective dose has changed. The population of concern here
is not a critical group, but all exposed people. However, the largest
contribution to collective dose could arise locally, so assumptions for the
local and regional populations are relevant. In EPA [1985b] it says that it is
pointless to try to make precise projections of the actual risks over such long
time periods. Accordingly, only very general models of environmental
pathways (should be used) and population characteristics assumed (should
be) similar to today.

A2.3.3 Key Summary Points

While most regulations and guidance refer to ICRP and claim consistency
with the ICRP radiological protection objectives, the interpretation of those
objectives varies so far as definition of the individual(s) is concerned whose
exposure is to be compared with limits. A similar conclusion was reached by
a group of NEA experts as regards the limits themselves [NEA, 1991].
ICRP have yet to pronounce on the solid waste management implications of
the latest revision of their basic recommendations [ICRP, 1991].
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Most, if not all, agree that identifying the most exposed person and their
exposure is not a practical objective. The actual behaviors (and exposures)
cannot be precisely determined for the far future, and to attempt to identify a
hypothetical worst case leads to a slippery slope of increasingly pessimistic
assumptions. In the extreme, the assumptions for behavior become
inconsistent with the metabolic basis behind the definition of effective dose
[ICRP, 1991]. This does not necessarily rule out consideration of specialist
activities, such as wildfowling, which involve unusual but not extreme
behavior. (For example, wildfowling was among the critical group activities
identified in Robinson et al [1994] relevant to present day activities. Thus,
for long term assessments, perhaps wildfowling is a relevant activity to
consider among the alternative exposure scenarios, but it would not be
appropriate to assume the group concerned eat a whole duck every day of
the year.)

The wording of the different regulations and guidance varies considerably,
but the effect usually is to require some kind of assessment to be made of the
more likely highest exposures, based on some set of human behavior
assumptions associated with a homogeneous group located in time and place
where the environmental concentrations are highest. The regulations
sometimes offer background guidance on what this may mean, but in general
it is only partially helpful. 'Homogeneous' is not clearly defined in
regulations applied to solid waste disposal. Robinson and Simmonds [1992]
refer to ICRP's suggestion that the distribution within a critical group should
range within a factor of ten, ie, a factor of 3 either side of the mean.
However, the concept is difficult to apply unless some idea is already known
of the dose distribution. They therefore recommended further work, and this
was in the context of the more tractable case of present day releases.

The different time frames to be considered can affect what may be required
for critical group definition. That is, in some cases, consideration beyond
10,000 years is not required or is not required in so much detail.

So far, no regulator appears to require direct consideration of exposures to
people other than adults in repository performance assessments, though the
wordings do not rule this out either.

The regulations and regulatory guidance are less advanced than the
development of the concepts through actual performance assessments,
discussed in the next Section.

A2.4 Application of the Critical Group Concept in Performance
Assessments

This Section presents examples of how regulators, operators and others have
practically interpreted requirements on dose calculations relevant to critical
groups in actual performance assessments. The discussion in each case is not
comprehensive as regards each assessment, nor are all assessments from each
country reviewed. Furthermore, the assessments referred to are not
necessarily representative of the latest work in each country. The objective is
to illustrate regulatory interpretation and some of the features and problems
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of those interpretations.

United Kingdom

There have been no recent assessments of HLW disposal in the UK, but
regulators as well as the waste management company, UK Nirex Ltd, have
been assessing deep geological disposal of low and intermediate level waste
(L/ILW) in preparation for such a proposed repository.

Sumerling and Martin [1992] set out the exposure basis for the assessment
methodology being developed on behalf of a UK regulator. Four climate
states are considered: glacial, tundra, boreal and temperate. No assumptions
are made for the glacial state, when the site is covered by ice. Subsistence
agriculture is assumed for the other states. Conditions at the site, which is
currently temperate, during boreal and tundra climates have been derived
from analogue sites presenting these conditions today. These data affect the
biosphere model parameters. However, for all three states it is assumed that
exposures arise from radioactivity in the following components:

• spring water and near-surface groundwater,

• general catchment soil and river water,

• groundwater discharge soil and river water,

• water abstraction soil and river water,

• exposed estuary soil and marine river water,

• estuary water and sediments, and

• nearshore water and sediments.

The consumption rates, breathing rates and occupancies are the same for
tundra and boreal states. Although the overall methodology is described as
'probabilistic', whereby many model parameters are sampled from according
to a 'probabilistic risk analysis' procedure, the parameters for the critical
group exposure are not sampled within this procedure.

The exposure basis for the critical group includes all the above assumptions,
which in turn relate to the structure assumed for the surface environment at
the time of release. The particular parameters which relate critical group
behavior to exposure are given below. It should be noted that these
parameters have been chosen consistent with the overall conceptual model.
They have not been chosen independently from the rest of the assessment
model, eg, by reference to regulations, which, in this case do not provide that
level of detail. Rather, the pathways considered relate to the set of biosphere
components bulleted above, and these in turn were derived from a
consideration of how radionuclides migrate and accumulate in the biosphere.
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grain
root vegetables
green vegetables
herbaceous fruit
beef
cow liver
milk
pig meat
pig liver
chicken
eggs
water
freshwater fish
marine fish
molluscs
crustaceans
seaweed

farmland
estuary

farmland
dust in air

Consumption rate, kg/y
temperate
80
80
40
10
40
2
150
10
1
10
10
600
20
110
7
18
10

Occupancy, h/y
8760
2000

Breathing/ dust
1.05E4 mVy
5E-8 kg/m3
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tundra/boreal
0
0
0
0
40
2
150
10
1
10
10
600
51
229
7
18
10

8760
2000

1.05E4 m3/y
5E-8 kg/m3

The numbers for terrestrial foodstuffs are not said to be critical consumption
rates because the exposed individual is assumed to eat all of the foods.
Critical rates for individual foods are mostly a factor of 2 or 3 higher. (If they
ate all foods at the critical rates, they would not have the 'reference man'
characteristics [ICRP, 1975] assumed in determining values of dose per unit
intake [ICRP,1979-83] and as discussed in ICRP 60 [ICRP, 1991].)

The marine exposures are considered separately. Note that, under the
changed climate there is a bigger assumed reliance on fish and less on (local)
terrestrial foodstuffs, particularly grain and vegetables.

While various references are given for these numbers, there is no obvipus
relationship between the justification for these numbers and the regulatory
requirements, beyond that the numbers speak for themselves.

It may be noted that assessments carried out for present day releases do
consider separately critical group assumptions for children and infants
[Byrom et al, 1995] as well as specialized behavior such as consumption of
'wild' foods [Fulker et al, in press].

Sweden

Several major assessments of HLW disposal have been carried out in
Sweden. Project 90 was a major assessment carried out the Swedish Nuclear
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Power Inspectorate (SKI), but was completed prior to publication of the
HLW guidance document [Nordic Radiation Protection and Nuclear Safety
Authorities, 1993].

Calculation of doses in Project 90 due to release of radionuclides in
groundwater was presented in Charles and Smith [1991]. Limited emphasis
was placed on the biosphere in the overall assessment; the greatest concern
being with developing an understanding of near field and far field barriers. A
dose calculation was required however, to determine barrier performance in
terms relevant to radiological protection requirements.

Following the suggestion in SKI/SSI/SKB [1989] a reference biosphere was
chosen in Charles and Smith [1991], based on release into a lake typical of
central Sweden. No allowance was made for climate change, perhaps
anticipating the emphasis given in the Nordic document referred to above on
dose evaluation in the first 10,000 years. Changes in the lake over the period
of release were allowed for, as discussed in a BIOMOVS Technical Report
[Smith, 1989]. Consideration was also given to the use of contaminated well
water for domestic and agricultural use, including irrigation. Critical group
data, for adults only, were assumed to be the same in both cases. The
Swedish Nuclear Fuel and Waste Management Company (SKB) have
similarly considered release of contaminants into lakes [Bergstrom and
Nordliner, 1990]. SKB defined the critical group as "a limited number of
persons who can be expected to (receive) higher radiation doses than
average". A similar "small farm" biosphere was used in the study SKB91.

Consumption data assumed for adults are given in Table A2.3, for both the
SKI and SKB studies. Both assessments also considered inhalation and
external irradiation pathways with vaious but different assumptions for
occupancy indoors and outdoors.

Table A2.3

water

root vegetables

green vegetables

grain

milk

beef

cow liver

mutton

sheep liver

freshwater fish

Consumption rate, kg/y
[Charles and Smith, 1989]

600

120

80

130

300

60

20

30

20

20

[Bergstrom and,

600

70

40

80

200

55

-

-

30

Charles and Smith [1989] considered each pathway separately; it was not
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considered likely that such high consumption rates should apply to more than
one pathway. Results were presented for three major exposure pathways for
each radionuclide on a unit release rate basis into the lake or well. Results
for the drinking water dose were presented as these are recognised as less
uncertain. (Water consumption is not very variable and there is no detailed
migration and accumulation modelling through the biosphere. Some
concentration reduction may occur for those radionuclides scavenged from
the water column and lost to bottom sediment.) Uptake in the terrestrial
foodchain, including animal products, appears more important than the
drinking water pathway for some radionuclides, assuming irrigation takes
place. Fish consumption is a more important pathway for several
radionuclides for release to the lake. For Sn-126, a radionuclide with
relatively low biological uptake but a high intensity high energy gamma
emission, external irradiation dominates by more than an order of magnitude
over ingestion of drinking water. Although the detailed modelling
assumptions made may not be directly applicable at other sites and other
parameter values could be adopted, these results strongly suggest that
drinking water does not necessarily result in the highest individual doses.
The degree to which these other pathways are important will depend on the
particular radionuclides released, and the receiving environment (here, a lake
or a well), but also upon the assumptions for farming practice and land use.

Smith and Charles [1991] briefly considered the implications for doses to
infants and children. Generally, the higher committed doses per unit intake
for children were balanced by lower intakes, so that differences were less
than a factor of 3. Some pathways were higher for infants by a factor of 6 for
some radionuclides. The SKB study also considered exposure of children
separately, based on assumptions for 5 year olds.

The description in Smith and Charles [1991] highlights the importance of the
geosphere/biosphere interface assumption. The volumetric flow provided by
the lake offers several hundred times more dilution (and hence lower doses)
than the same radionuclide flux to the well. While the particular number for
dilution may be somewhat arbitrary (both the well and the lake were
conservatively assumed to be relatively small), the dilution which can occur
due to mixing with near surface waters would generally be significant, as the
factor of several hundred suggests. Of course, the radionuclide flux to the
well may not be the same as the flux to the lake; this would depend on many
geological parameters as well as assumptions for the operation of the well.
The latter are directly concerned with assumptions for the critical group.

Switzerland

Project Gewaehr [Nagra, 1985] presents methods and results for assessment
of deep geological disposal of HLW and L/ILW. It was suggested that the
study of man and his environment involves the greatest uncertainties as far as
extrapolation over very long timescales is concerned. Although lifestyles may
alter, human food requirements remain constant, giving a basis for
quantitative estimates of radionuclide uptake.

A base scenario for biosphere analysis was adopted, assuming present
conditions. A warmer climate state, necessitating irrigation for sustained
agricultural production, and a cooler tundra climate have also been
considered [Grogan, 1985].
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The release of radionuclides from the geosphere to the biosphere was
considered to be in contaminated groundwater; different groundwater release
conditions were assumed for the L/ILW and HLW repositories because of
the different groundwater flow systems associated with each repository.
This results in different dilution at the geosphere-biosphere interface. A wide
range of exposure conditions was assumed involving foodchains, inhalation
and external irradiation. The high variability in concentration ratios in the
foodchain (typically 2 to 6 orders of magnitude) was noted and 'rather
conservative' values were assumed in the data-base. The assumed
consumption rates for the critical group were as follows.

Table A2.4

cereals

root vegetables

leafy vegetables

meat

milk

drinking water

eggs

fish

Consumption rate, kg/y

145

231

60

95

332

730

200 (eggs)

2

Compared with the HMIP values, section 3.1, some of these values are high,
eg, root vegetable consumption is about 3 times higher here. This is explained
by the fact that each exposure pathway is considered separately in this
assessment. This is generally a more conservative approach. That is, the
highest dose arises if you do the most of the worst thing; adding up over all
pathways, each of which has only a moderate 'consumption' assumption is
less conservative, but also introduces lots of arbitrary detail concerning the
make up of the total diet which is hard to justify over long timescales. Such
detail also appears superfluous compared to the variation in concentration
ratios already referred to.

More recent work has considered the dose arising from release of radioactive
gases [Grogan et al, 1992]. This includes assumptions about building
occupancy and building air change rates, since release into a building results
in much higher breathable air concentrations of radionuclides than release to
the open atmosphere.

Note that this assessment work was completed before the latest Swiss
regulations were promulgated [HSK/KSA, 1993]. Further assessment work is
on-going.

Canada

Atomic Energy of Canada Ltd (AECL) has completed a comprehensive
assessment of its HLW disposal concept. The purpose of the assessment
was to demonstrate the feasibility of the disposal concept. It includes a more
detailed evaluation of the biosphere than most other assessments.
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The biosphere modelling is described in Davis et al [1993]. Since the
quantitative regulatory objectives focus on the first 10,000 years [AECB,
1987], the dose calculations also focus on that period, based on a generic
Canadian Shield environment.

Changes in conditions in the biosphere are taken into account, and
anthropogenic effects are discussed. However, in the face of the
uncertainties, it is assumed that human activities will not alter the biosphere
in any fundamental way over long periods of time.

The Canadian assessment methodology is based on a systems variability
analysis approach. The model output is a statistical expression of the
consequences predicted in a large number of individual simulations. The
effect of human actions on many of the model parameters is already reflected
in the parameter distributions from which values are sampled in each
simulation. Natural changes, such as the gradual filling of a lake by
sediments and the eventual use of lake-bed sediments for agriculture are
considered. In this case, instead of considering the consequences in isolation
(such a process is pretty well bound to occur during a period of peak
radionuclide release from the geosphere) predicted concentrations in soil are
replaced with those levels in lake-bed sediments in 1% of simulations. On
average, this could be a reasonable assumption for the Canadian Shield. (The
lack of knowledge of when exactly the process occurs may result in dilution
of the predicted peak annual risk. They would actually be higher for a small
proportion of the time.)

Taking dynamic account of the drying out process introduces complications
about assumptions for human use of the sediments and related critical group
assumptions. If the drying occurs slowly, then the more highly contaminated
area of sediment is only slowly exposed for use. What fraction of the critical
group behavior should be associated with the small contaminated area arising
each year? By the time a large area is exposed, contaminants may have been
leached. Human actions, or natural events, might result in more rapid
draining of the lake, and higher exposures. These issues were discussed in a
BIOMOVS report [Smith, 1989] and alternative suggestions offered. In the
Canadian model, no allowance is made for radionuclide losses from the lake-
side sediments as they dry out, which is probably a conservative assumption.

The Canadian model includes specific consideration of the interface between
the transport in the geosphere and the biosphere. Separate consideration is
given to how exactly release occurs into sediments, surface waters, soils and
(shallow) wells. This is followed through with consideration of culturally
determined parameters, eg, how these media are used or could be used in
ways giving rise to exposure. This is important within the model not just
because the parameters directly affect the exposure, but also because the use
assumptions affect radionuclide migration in the respective media.
Probabilities are set on some practices, eg, irrigation.

A very wide range of exposure pathways is considered, including immersion
in contaminated waters and atmospheres indoors and outdoors, soil
ingestion as well as the more normal ingestion, inhalation and external
irradiation pathways. The assumptions are based on present Canadian
Shield practices. Distributions of behavior are provided, some based on the
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local environment and potential for exploitation, some more fundamentally
based on the human body. The following geometric means are presented:

Table A2.5

terrestrial plants
milk
meat
bird
fish
water

air

Geometric mean,
consumption rate, kg/y

375.7
199.4
130.9
53.2
10
641

inhalation rate, m3/y

8617

Occupancy times and other human related parameters relevant to the other
exposure pathways are provided, some of them treated probabilistically.

Note that the probability distribution function for transfer to meat is broad,
to include a variety of meats, including liver, kidney etc.

The total dose to members of the critical group is formed by summing over all
pathways, radionuclides and, where appropriate, food types. Total intakes
are normalised to be consistent with requirements of a modern Canadian
adult male, which are marginally higher than IGRP reference man requirements
[ICRP, 1975].

Davis et al [1993] also present dose assessments for non-human biota. The
link between assessment criteria and the dose assessment is described in
Amiro and Zach [1993]. The doses to target biota are assessed using models
similar to those for human dose assessment.

The approach adopted permits a statistical estimate (the arithmetic mean) of
the distribution of consequences to be made for an exposure scenario, as
required by the regulator. The background data on distributions of input
parameters are very valuable. However, the justification of what counts as a
separate scenario is not very clear. The problem, as in other assessments, is
how to decide what temporal and spatial averging to make in determining the
average critical group exposures.

France

No comparable published assessment of HLW disposal has been published
in France. ANDRA and IPSN for France, and CIEMAT and ENRESA for
Spain have undertaken a collaboration to develop a methodology to integrate
climate evolution in biosphere studies in the context of a HLW repository
[Aguero et al, 1996]. The approach includes developing assumptions for a
mediterranean biosphere and a boreal biosphere, both of which could be
relevant in France and Spain in the long term. This includes developing
assumptions for critical groups for each ecosystem. The basis is given as a
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self-sustaining community, characterised by realistic assumptions under
current terrestrial conditions and average traditional skills in agriculture. In
addition, consideration is being given to a critical group based on modern bio-
industrial systems.

Japan

The Japanese Power Reactor and Nuclear Fuel development Corporation
(PNC) has published a first progress report on HLW disposal and
assessment [PNC, 1992]. For this preliminary work, only a simple dose
calculation was made based on consumption of drinking water. Dilution of
the geosphere release in 'biosphere' water was assumed to range from 1E4 to
1E8 nvVy.

The National Institute for Radiological Sciences has produced a Japanese
Reference Man [Tanaka et al, 1989], whose characteristics differ from the
ICRP reference man [ICRP, 1975]. Cancer propensities for different organs
vary significantly among populations. This could affect judgements on organ
weighting factors applied in different regions. The implication is not that
such distinctions should necessarily be introduced in assessments, but that
assessment teams should at least be aware of possibilities.

Finland

Vieno [1994] sets out a stylized well scenario for use as an indicator in
assessing the performance of the near fields and geosphere barriers of a deep
repository. The scenario assumes releases from the repository are diluted in
100,000 m3 of water and that an individual drinks 500 litres of water per
year. Drinking water is the only exposure pathway considered. It is noted
that this result could be achieved many ways, eg, if 1% of the repository
release is abstracted in a well of flow 1,000 m3 per year.

USA

Andrews, Dale and Mcneish [1994] provides a recent evaluation of the Yucca
Mountain proposal. Here a geosphere release into the accessible environment
(which can be below ground) is diluted by an aquifer flow to provide a
concentration in groundwater. Factors to convert these concentrations to
doses are taken primarily from Eslinger et al [1993], who were considering the
same subject. Several exposure scenarios are considered which include use of
contaminated aquifer water for irrigation. Consumption rates of farm
products assumed are:

consumption rate, kg/yTable A2.6

leafy vegetables
other vegetables
eggs
meat
milk
poultry
(aquifer) water

con

15
276
20
80
230
8.5
730
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The farm is assumed to have an irrigated area of 20,000 m2, requiring a flow
from the well of at least 1.8E4 m3 per year. The time spent outdoors
(presumably on contaminated soil) is 4380 h/y. These data were taken
primarily from the Hanford Defence Waste Environmental Impact Statement
produced for the Department of Energy (DOE) [DOE, 1987]. Site specific
issues would seem not to have been considered. However, both sites are dry.

A gaseous release of C-14 was also assessed, but with release direct to
atmosphere as opposed to a confined space, as evaluated in the Nagra
assessment. This is a further illustration of the importance of assumptions
for the geosphere-biosphere interface. Would gaseous release be disperse or,
predominantly, through a single, or relatively few fissures? The answer
would affect sensible assumptions for the critical group. It also reflects the
importance of the assessment purpose. That is, the more pessimistic Nagra
calculation was intended to identify if there was a potential dose problem
requiring more detailed assessment. The calculation was not made in a
directly regulatory context.

More detailed critical group assumptions are made in the assessment of
contaminated land, eg, [Nimmagadda and Yu, 1993], where hypothetical
situations are of concern, but not so far into the long term future as for HLW
disposal. An assumption is made here for soil ingestion, 0.0365 kg/y.
Consumption rate assumptions are generally lower but include a wider range
of foods.

The Electric Power Research Institute (EPRI) present an assessment approach
in EPRI [1994]. This uses the same dose calculation approach and critical
group assumptions as in Project 90 [Charles and Smith, 1991] and then
adopts a probabilistic approach to determine the associated risks. Some
components of the probability of exposure arising are consistent with other
approaches, eg, allowing for the probability that a well is sunk into the
accessible contaminated region. (In other countries, the deep geology would
not be called accessible. Assuming that it is accessible, but only 5 km from
the repository [Wilson et al, 1994], sounds illogical in the context of well
drilling. Why would no-one drill a well within the so-called un-accessible
region?) Other assessment factors treated probabilistically involve allowing
for aspects which are not consistent with ICRP advice and the more common
wider interpretation. For example, no allowance would normally be made for
the chance that contamination would be detected and mitigating action taken,
as in EPRI [1994].

Neel [1995] describes the dose model in the latest NRC iterative assessment
of Yucca Mountain. Consideration is given to doses to a hypothetical critical
group based on a family of three living on an average farm of 'approximately
1093 hectares'. All the other assumptions about this group are similarly
precise and have to do with present practice in the region. For example,
vegetables and many other foods are assumed to come from outside the
region and are uncontaminated. No allowance appears to be made for the
more natural exploitation of the region. Such exploitation has been the
subject of debate with regard to the Nez Perce tribe and the Hanford
Reservation [Harris, 1994].
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Further work from the NRC is described in Laplante, Maheras and Jarzemba
[1995]. It is not clear whether this post-dates Neel [1995], but it appears to.
The critical group characteristics are based on the following assumptions.

• that the group is located in the Amargosa Valley, located
approximately 20 miles to the south of Yucca Mountain, which
is an area where contaminated groundwater may be extracted
from the geosphere given the south or south east direction of
groundwater flow;

• that the group behavior is based on present day agricultural
practices in the Yucca Mountain region of Nevada given the
unknown change in human behavior and long-term
environmental change which might occur over the long
timescales which have to be considered in a PA; and

• that contaminated groundwater is extracted by means of a
deep borehole and used for agricultural and personal water
supplies; it is not stated whether there is one or more than one
borehole, only that water supply is sufficient to meet
agricultural demands given the technology required to drill so
deep.

The main sources of data for farming practice relate to Nevada and/or Nye
County rather than Amargosa Valley itself. If the basis for the critical group
is present behavior in Amargosa Valley, then habit surveys of people in the
region should be undertaken and documented as a basis for formal critical
group definition and description.

Exposure routes considered in Laplante et al are given as: internal from
drinking water; external from contaminated soils due to irrigation; and crop
consumption after direct or indirect irrigation or use of contaminated
feedwater for animals. Bathing in contaminated water is not included. It is
assumed that only 27% of a farmer's time is spent outdoors.

The target individual for dose calculations representative of the "maximally
exposed" is given as a resident fanner who lives at the southern boundary of
the proposed YM site. The farmer is assumed to grow alfalfa which is used
for beef and milk cow feed. A garden plot is used to grow vegetables, fruits,
and grain for personal consumption. Drinking and irrigation water is
assumed to be pumped from a groundwater well at the farmer's residence
though it does not appear to be used for bathing.

The modelling developments referred to above have taken place while the
NAS has been considering development of health based standards for Yucca
Mountain [NAS, 1995]. Natural discharge to the surface of the aquifer below
Yucca Mountain is said, page 26, to be at Death Valley, to the southwest.
This is a distance of 40 to 50 miles. NAS [1995] go on to describe
radionuclide release in groundwater to the accessible environment as being via
wells or springs. Within the repository vicinity, only wells deeper than
several hundred metres would reach the contaminated aquifer. In other
countries, such a deep environment would not be considered accessible.
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Indeed, if it were accessible it would negate the objective of isolation of the
waste.

The latest Total Systems Performance Assessment (TSPA) produced within
the USDOE M & O programme, November 1995, has not been reviewed here.

International Assessments

IAEA and other international bodies sometimes coordinate international
assessments, usually in a generic context, ie, omitting site specific
considerations. The purposes either concern methodology development or
production of generic values for waste management quantities, eg, disposal
limits. The methods are usually applications of nationally developed
methods, but the international context introduces wider discussion of
parameter values. Such wider discussion could be useful in the context of
long term hypothetical exposure situations.

IAEA [1987] considered hypothetical consumption rates in a waste disposal
context and adopted the following values while acknowledging the
associated ranges:

Table A2.7 Consumption rates, kg/y
Selected value Reasonably

expected range

green vegetables 40 20-80
milk 100 50 - 200
meat 50 20 - 100

Interestingly, the upper limit on the milk range is less than the value assumed
in Project Gewaehr and Project 90.

The CEC has coordinated a multi-national assessment, PAGIS, of HLW
disposal in a variety of geological conditions at various hypothetical choices
for disposal sites [CEC, 1988]. Different release situations were considered
for the different geologies, but common critical group consumption rates were
applied (Table A2.8). The justification for the numbers appears to be that
they are higher (but still reasonable) than numbers obtained from European
surveys, primarily a study by NRPB [Harrison and Simmonds, 1980]. A
similar CEC study, called PACOMA, was carried out for ILW. The
application to a clay site in Belgium was reported in CEC [1991].
Consumption rate data for this study were taken from Belgium surveys.

Table A2.8 Consumption rate, kg/y

PAGIS PACOMA (Belgium)
grain products 130 110
root vegetables 120 140
green vegetables 80 50
beef and veal 60 50 (total meat)
mutton and lamb 30
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milk
milk products
pig meat
offal
chicken
eggs
water
fruit
freshwater fish
marine fish
molluscs
crustaceans

300
40
60
20
30
30
730
60
7
55
7
18

160

2

400

5

Each pathway was considered separately.

Key Summary Points

The exposure pathways considered in most assessments include all the main
exposure modes: ingestion, inhalation and external irradiation. Skin
adsorption and intake via wounds are not commonly considered.

The particular pathways are not defined in quite the same way. For example,
sometimes a distinction is made between different types of vegetables,
whereas sometimes they are lumped together. Another example, inhalation of
dust is considered in many assessments but not necessarily under the same
circumstances. That is, normal dust levels might be assumed and associated
with a high occupancy; alternatively high dust levels associated with
agricultural practice such as ploughing may be assumed, but with
correspondingly low occupancy. These differences make it problematic to
present and compare data from different assessments in one table. The
reasons for inclusion and exclusion of particular pathways may well be
influenced by the availability of models already developed and accessible for
use in the assessment.

Most assessments do not consider doses to infants and children although the
critical group concept as applied to present day releases does include such
people [Robinson et al, 1994; Byrom et al, 1995].

Most assessments assume a self-sustaining community, which is (reasonably)
pessimistic since it implies a high proportion of foodstuffs derived from, the
contaminated area. Apart from the collaborative project between France and
Spain referred to above, little or no recognition seems to be given to modern
intensive agricultural practice which may have greater potential for
concentration of radionuclides. Intensive exploitation of an area has been
suggested by an SKI/SSI/SKB working group as one of the situations to
consider [SKI/SSI/SKB, 1989].

The Japanese assumptions graphically illustrate the importance of the
geosphere-biosphere interface assumptions. Does the receiving body of
surface water have a large or small volumetric flow? For direct releases to
soil or sediments, what is the area of discharge? The relationship between
these parameters and critical group assumptions should be consistent.
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Comparison of critical group assumptions directly related to exposure, eg,
root crop consumption rate, does not reflect strongly the relative degree of
conservatism in assessments. Much more important are assumptions for
'dilution' at the geosphere-biosphere' interface and the assumptions for
concentration ratios which relate radionuclide concentrations in media such
as those in soils to those in foodstuffs.

In most assessments and regulatory guidance, the deep geological
environment would be not be considered accessible and so some credit is
taken for the low chance that a well would be sunk at considerable depth at
the location of groundwater contamination. This does not appear to be the
case in the USA since 40 CFR Part 191 defines deep geology as accessible, so
long as it is at some distance from the repository. At Yucca Mountain, this
may be appropriate with respect to groundwater abstraction since the site
has no usable surface water.

Overall, previous assessments have either provided too much detail for
particular exposure conditions, which cannot be justified, or not considered a
sufficiently convincing range of indicative examples of exposure, or both.

A2.5 Recommendations and Outstanding Issues

Even though, or perhaps because, there are many guidance documents,
regulations, and implementations referring to critical groups, no clear
approach to defining critical groups emerges. If the RBWG were to make only
one recommendation it would be that regulation and implementation should
follow a common assessment philosophy. If they do not adhere to a common
philosophy then regulations become unclear and implementation becomes
difficult. Implementation of regulations based on an inconsistent assessment
philosophy will have to be done in close coordination with the regulator -
perhaps even on an item-by-item basis. Such a state of affairs is not optimal,
and may cause trouble for both the implementor and regulator during
standards development or licensing hearings.

Although a common assessment philosophy would go a long way in solving
most of the major problems in developing a coherent approach to critical
groups, it will not solve all the problems. Whether or not the assessment
philosophy is consistent, all subjective components of critical group
definitions must be identified, decided upon, and clearly documented. A few
examples of some of these subjective decisions are presented below. This is
not intended to be a complete list of options. In addition, the RBWG neither
endorses nor rejects these subjective decision options. They are merely
presented for illustrative purposes.

Examples of subjective decision options:

1. Whether or not assuming present-day behavior is sufficient,
even though we know it is unlikely future humans will exhibit
present-day behavior and many other possible behavior
patterns could be imagined.
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2. Whether the use of present day local surveys of behavior is
sufficient or other hypothetical behaviors must be included as
well.

3. For the "cautious" approaches, define, in concrete terms, what
is meant by "cautious but reasonable". Options:

a) Do not assume behavior is that of the most extreme
value in a survey. Rather, use, for example, the
95th percentile of the distribution;

b) It is unreasonable to assume that a single individual
eats all food products at the 95th percentile. This
would exceed a reasonable upper limit on the daily
caloric intake for humans. Rather, the hypothetical
individual could be assumed to consume those food
groups at the 95th percentile contributing most to
the estimate of the individual's total dose while
scaling back the assumed consumption of other
food items that contribute less to dose.

c) It is acceptable to consider a critical group
composed entirely of infants, but none of the
infants should be considered to display "extreme"
behavior or sensitivity. While it may be "cautious"
to consider only infants, it may not be considered
"reasonable" to add on extreme behaviors or
sensitivities at the same time.

4. For the "equitable" approaches, define a risk range and critical
group size that correspond to one another. Examples (any or
all of the below could be used):

a) Annual individual risk of 106 and a group size up
to ~106 people;

b) Annual individual risk of 1O5 and a group size up
to ~105 people;

c) Annual individual risk of 1CH and a group size up
to -104 people;

d) Annual risk limit of 10-3 to a "cautious, but
reasonable", "maximally exposed" individual (i.e.,
a risk "cap" for those most exposed).

Outstanding issues

One problem that is currently being addressed is the uncertainty in what
characteristics are important to define. In addition, those who employ ICRP
46 must distinguish between a critical group and a "reference community".
Although it may be fair to assume that the ICRP intended for there to be a
difference between the two, in practical terms (when the implementor is faced
with quantitatively assigning characteristics for the two groups) it may be
unnecessary or unwarranted to do so. A possible solution to this problem
could involve sensitivity exercises with alternate critical group definitions.
Some of the obvious choices for sensitivity studies include:
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1 variations in consumption rates or occupancy (degree of
behavior);

2 variations in what is consumed (type of behavior);
3 comparisons of different critical groups associated with

special behavior patterns.

vegetarian versus primarily meat eater
frequent bather in a lake or stream
high soil ingestion
high dust inhalation
living in houses made of contaminated materials

Once the appropriate characteristics are identified, quantitative values must
be assigned to these characteristics to carry out an assessment. In the case of
purely hypothetical critical groups (ie, a group not based on current site
survey data, such as a true subsistence farming community or hunter
gatherers assumed to live in vicinity of the disposal sites), the quantitative
values may be fairly subjective. Decisions will have to be made whether to
apply values based on historical data or on present-day communities that do
exhibit the general characteristics of interest in environments of interest, but
at other sites.

These are but a few of the outstanding issues remaining for the successful use
of a critical group approach to dose assessment exercises. This appendix has
been a first step toward identifying rational approaches and suggesting
options.
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Appendix A3: Interaction Matrix Methodology
for Conceptual Model Development

A3.1 Introduction s

An important step in the biosphere component of a performance assessment for a
radioactive waste repository is the development of conceptual models for
migration and accumulation of radionudides through the biosphere, and evaluation
of the associated radiological impacts. The difficulties of constructing and
justifying these conceptual models are discussed in an Interim Report of the
BIOMOVS II Reference Biospheres Working Group [BIOMOVS II, 1994a]

One approach which has been suggested for supporting such development
(sometimes called scenario development) is the "RES' (Rock Engineering System)
interaction matrix methodology. The RES methodology is described in detail in
Hudson [1992] and its application in repository performance assessment has been
considered in an SKB Technical Report [Eng et al, 1994].

This appendix notes the experience of a subgroup of the Reference Biospheres
Working Group in testing the RES interaction matrix methodology to conceptual
model development for the biosphere. The objectives that were established and
reached can be summarised as follows:

• for participants to develop an understanding of the interaction matrix
methodology;

• to explore the feasibility and suitability of the applying the approach to
the biosphere;

• to provide a useful generic starting point (relevant to long term inland
releases of radionuclides in groundwater) for analyses based on more
specific assessment contexts;

• to try out the methodology and develop an "interaction matrix" and
identify important matrix elements and pathways through the matrix; in
particular, to better identify, justify and document the assumptions
made in the matrix development;

• to identify advantages and disadvantages compared to other possible
approaches;

• to identify any special difficulties of application to the biosphere and
recommend variations, as appropriate;

• to demonstrate the use of a computerised biosphere FEP database in
matrix development;

• and to extend the FEP database in terms of its basic contents and in
terms of its relational capabilities.
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A3.2 General Explanation of the Interaction Matrix Methodology

In describing a process system as complicated as a safety assessment, three methods
have been used. (For fuller discussion, see Chapman et al [1995].)

1. "Event trees" is the oldest and has been used assessing the operational
safety of nuclear reactors. Probabilities can be systematically treated
but the variations are mainly binary, (fault - no fault). For repository
safety assessment tasks it is generally considered to be too stiff.

2. "Influence diagrams" is a bottom up approach where each process is
dealt with in detail and described as an influence between features or
parameters (nodes) in the system. As the number of nodes quickly rises,
these influence diagrams tend to be too complicated to be scrutable. It
is also difficult to obtain an overview and to find out what interactions
are the important ones.

3. The interaction matrix methodology has been used in some applications
by SKB (eg, Skagius et al [1995]) and provides a convenient method to
visualize the so-called Process System in a comprehensive and
transparent way. Because the methodology was originally developed in
the context of Rock Engineering Systems [Hudson, 1992], it is sometimes
referred to as the RES methodology.

The RES methodology starts with a top down approach to ensure that all aspects of
the problem are being covered. In this way, the problem is gradually "broken down"
to establish its constituent parts. The basic device used is the interaction matrix in
which the main biosphere components, or more generally "things", are identified and
listed along the leading diagonal of the matrix. The interactions between the
parameters occur in the off-diagonal terms.

Component

A

1,1

Influence

of B on A

2,1

Influence

of A on B

1,2

Component

B

2,2

This is illustrated in the sketch above for a 2 x 2 matrix, together with the clockwise
convention for influence direction. As the number of leading diagonal elements
becomes larger, so does the number of interactions. In practical work no more than
13 diagonal elements should be used, leading to (13*13)-13 off-diagonal elements, ie
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156 interactions. The idea is that it would be very difficult to ensure that all these
potential interactions between the main components of the system have been
identified without some structure like the interaction matrix to support the analysis.

When describing an interaction it is important to identify what diagonal element is
the cause and what is the effect. Sometimes this can be more difficult than one
expects. It is also important to break down the interactions to direct interactions,
rather than indirect actions.

More than two diagonal elements can be involved in describing a single process. A
connected chain of interactions through the matrix is called a pathway through the
matrix. A simple example is the movement of a contaminant from a river to soil via
flooding, then from soil to a crop via root uptake, then from crop to man via
ingestion. The order of interactions is important as is a clear understanding of the
cause-effect relations.

It is also possible to have loops in the matrix A—> B—> A It is preferable that

these are stable loops ie, the effect diminishes after some iterations.

When analysing a FEP List it should be possible to classify the individual FEPs as:

Pi Leading diagonal elements (LDEs)
Pij Interactions ((occurring within off diagonal elements)ODEs)
P'i Alterations to diagonal elements
P'ij Alterations to interactions
M Pathways through the matrix
L Loops in the matrix
M Evolution of the whole matrix.

A3.3 Application of RES Methodology to the Biosphere

The different steps in the methodology are :

Definition of the Assessment Context;
Initial Biosphere Matrix Construction;
Audit of the matrix against the FEP List;
Identification of Important Off-diagonal Elements;
Construction of Conceptual Models.

During the first Stockholm meeting an assessment context for the exercise was
defined and a preliminary biosphere matrix was produced [BIOMOVS II, 1994b].
During the Madrid meeting this biosphere matrix was improved and a preliminary
mapping of FEPs to the matrix was carried out [BIOMOVS II, 1995].

A3.3.1 Definition of the Assessment Context

For the purpose of this exercise, an assessment context was adopted consistent
with the assumption made in developing the biosphere FEP List in the Interim
Report (BIOMOVS II, 1994). It was assumed that:

• release occurs in the far future so that present day conditions at
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the site may not prevail at the time of release;

• release of radionudides occurs in groundwater to an inland
location;

• release continues at near the peak rate for a long time relative to
timescales for migration and accumulation processes in the
biosphere, ie, for 10,000 y or longer;

• the assessment purpose is to calculate annual individual doses to
critical groups.

It is possible to develop a matrix to address just the FEPs associated with the
assessment context. (This is considered below.)

A3.3.2 Biosphere Matrix Construction

The following details are given so as to illustrate the type detailed work required.
It is recognised that a fuller explanation may be required for a real assessment.

(a) Identification of the elements in the leading diagonal (LDEs): the participants
identified leading diagonal elements on the basis of previous experience and
approach to the exercise. Some of LDE's have been changed with respect to the
RES matrix produced in Stockholm. Eleven elements have been chosen as a
consensus of the group. The corresponding descriptions were agreed:

1 Source Term:

Flux of radionuclides into the biosphere.

2 Permanent Saturated Zone:

Near surface aquifer or other saturated region below the variable saturated soil. In
the saturated zone all of the void spaces are filled with water which is at or above
atmospheric pressure. The aquifers are normally considered in three categories:

(1) unconfined, ie, layers of permeable rock charged with water lying above
impermeable strata and below permeable strata,

(2) confined, ie, aquifers which are bounded above and below by impervious
• strata such as clay and generally recharged through an unconfined outcrop at

a distance, and

(3) perched, ie, small areas of storage on locally impervious foundations held
above the surrounding water table.

3 Surface Water.

The surface water environment can be described as comprising water contained in:

(1) rivers, streams, canals and ditches (flowing, freshwater systems)
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(2) lakes, reservoirs and lagoons (static, or lentic, freshwater systems),

(3) estuaries,

(4) coastal waters, as well as water passing over the land surfaces as run-off
and flowing through man-made drainage systems (sewers, etc.).

Surface waters are important resources in terms of abstractions for potable,
agricultural and industrial supply, as an assimilative "sink" for the discharge of
effluents, for recreational and amenity uses as supporters of natural ecosystems,
for transport, and for their aesthetic and landscape value.

4 Sediment:

Bed sediments in lakes and rivers, including the sediment pore water.

5 Variable Saturated Zone:

Zone of soil below top soil extending down to the permanent saturated zone. May
be saturated for some part of the time. The region within which the water table is
moving up and down.

6 Surface Soil:

Root zone soil and the horizon(s) immediately below that. Depth is indeterminate,
again depending on other aspects. Sorption and desorption. Soil formation
processes. Bioturbation.

7 Atmosphere:

The air normally breathed by humans and animals, including dust and aerosols in
it-

8 Flora:

All the plants, including aquatic and terrestrial plants, fungi and crops and crops
product, natural and arising outside of farming practice.

9 Fauna:

Animal species, aquatic and terrestrial belonging to naturally occurring systems
and those such as farming, fish farming.

10 Human Activities:

Activities leading to modification of the environment and resulting in exposure to
contaminants.

11 Dose to Critical Group:

Radiation exposure pathways for the critical group(s). IBIOMOVS II, 1994b]
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(b) Identification of Off-Diagonal Elements (ODEs): The participants identified and
defined these interactions between LDE's as follows. These documented decisions
were only provisional. The codes such as PR023 and EX006 refer to the previous
version of the FEP List given in Appendix Al. These codes are included in the FEP
List in Field, F.

1.1 Flux of radionuclides into the biosphere.
1.2 Contamination.
1.3 Contamination.
1.4 Contamination.
1.5 Contamination.
1.6 No Interactions.
1.7 No interactions. (Not a gaseous release)
1.8 (Special local release).
1.9 (PR023)
1.10 B.C. (No mediation of the release)
1.11 (Possibly) (EX006, EX017)
2.1 No Interactions.
2.2 Near surface aquifer or other saturated region below the variable

saturated soil. In the saturated zone all of the void spaces are filled
with water which is at or above atmospheric pressure. The aquifers
are normally considered in three categories:

1 unconfined, ie, layers of permeable rock charged with water
lying above impermeable strata,

2 confined, ie, aquifers which are bounded above and below
by impervious strata such as clay and generally recharged
through an unconfined outcrop at a distance , and

3 perched, ie, small areas of storage on locally impervious
foundations held above the surrounding water table.

(PR006, PR045, PR046, PR047, PR048)

2.3 Flow water + solute (Discharge) (PR080)
2.4 Flow water + solute (Discharge)
2.5 Water transport. (PR022)
2.6 Via irrigation. Capillary rise. (PH006)
2.7 No interactions.
2.8 No interactions (main for our system). Irrigation. Due to human

activities. (PH006)
2.9 No interactions. (Main for our situation). Drinking water.
2.10 Use of water.
2.11 Ingestion. Other water uses. (EX006, EX008, EX009, EX023, EX042,

PH005)
3.1 No interactions.
3.2 Recharge. (PR081)

3.3 The Surface water environment can be described a? comprising water
contained in:
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1 rivers, streams, canals, and ditches (flowing, or lotic,
freshwater systems)

2 lakes, reservoirs and lagoons (static, or lentic, freshwater
systems),

3 estuaries,

4 coastal waters, as well as water passing over the land
surface as run-off and flowing through man-made drainage
systems (sewers, etc).

Surface waters are important resources in terms of
abstractions for potable, agricultural and industrial supply, a
an assimilative "sink" for the discharge of effluents, for
recreational and amenity uses, as supporters of natural
ecosystems, for transport, and for their aesthetic and
landscape value.

(PR006, PR035, PR045, PR046, PR047, PR048)

3.4 Sedimentation. Erosion. Diffusion. Advection. (PR033, PR037)
3.5 Recharge (Through river bank).
3.6 Flooding. Diffusion. Sedimentation. Erosion. Irrigation. (PR036,

PR038(E), PH006)
3.7 Aerosols formation. Degassing. Evaporation. Suspension. (PR011,

PR015, PR054)
3.8 Uptake. Irrigation. (PH006)
3.9 Uptake. (PR023, PR067, PR075)
3.10 Water supply.
3.11 Uptake. External immersion. (EX006, EX017, EX037)
4.1 No interactions.
4.2 Water + solutes.
4.3 Sediment. Resuspension. (PR033)
4.4 Bed sediments in lakes and rivers, including the sediment pore water.

(PR006, PR045, PR046, PR047, PR048)
4.5 Conversion.
4.6 Conversion. Dredging. (PR038(E), PR060, PH014)
4.7 Aerosols formation. Degassing. Evaporation. Suspension. (PR011,

PR030, PR054)
4.8 Uptake. External contamination.
4.9 Uptake. External contamination. (PR067, PR075)
4.10 No interactions.
4.11 External and direct contamination. (EX007)
5.1 No interactions.
5.2 Percolation. Solid transport. (PR021, PR081)
5.3 Exfiltration. Discharge. Transport of eroded material.
5.4 Bank Collapse.
5.5 Zone of soil below top soil extending down to the permanent saturated

zone. May be saturated for some part of the time. The region within
which the water table is moving up and down. (PR006, PR045,
PR046, PR047, PR048)
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5.6 Gas. Capillary transfer. Soil formation (PR022, PR060)
5.7 No interactions.
5.8 Deep root species. Uptake.
5.9 Burrowing species.
5.10 Builders. Land use
5.11 External (Digging) (EX008, EX009, EX017)
6.1 No Interactions
6.2 No interactions
6.3 Transport of eroded material. Chemical effects. Runoff or wash off

(PR019, PR036)
6.4 Bank collapse. (PR036)
6.5 Infiltration. Chemical effects. Mass transfer (Bioturbation). (PR021)
6.6 (PR006, PR045, PR046, PR047, PR048)
6.7 Resuspension. Evaporation. Degassing. Suspension. (PR011, PR015,

PR030, PR054)
6.8 Uptake. Rain Splash. (EX024, PH006, PR018, PR084)
6.9 Soil consumption. External contamination. Inhalation. (PR067,

PR075)
6.10 Land uses
6.11 External. Dermal absorption. Pica (EX005, EX008, EX009, EX038,

EX042)
7.1 No interactions.
7.2 No interactions.
7.3 Deposition. Precipitation. (PR014)
7.4 Wind erosion. Rainfall (if dry). (PR014, PR031)
7.5 No interactions.
7.6 Wind erosion. Deposition. Precipitation. (PR014, PR020, PR028,

PR029, PR031, PR084)
7.7 The air normally breamed by humans and animals, including dust and

aerosols in it. (PR006, PR027)
7.8 Deposition. Rain / Snow. Precipitation. (PR014, PR028, PR029)
7.9 Inhalation. Deposition. (PR067, PR075)
7.10 Minimal on weather depending.
7.11 Inhalation. External (Immersion). (EX004, EX039, EX040)
8.1 No interactions or very small.
8.2 Only for special plants.
8.3 Contamination (by leaves). (PR007, PR065)
8.4 Bioturbation. Death. (PR042, PR045)
8.5 Deep rooting.
8.6 Death. Organic bioturbation. Fertilising. Wash-out. Water extraction.

(PH018, PH020, PR007, PR042, PR045, PR060)
8.7 Exhalation. Transpiration. Canopy effects. Burning. Transfer of

organics. Reduction of wind speed. (PR016, PR065, PR078(E),
EX040,)

8.8 All the plants, including aquatic and terrestrial plants, fungi and crops
and crop products, natural and arising outside of farming practice.
(PH018, PR006, PR061, PR065)

8.9 No interactions. (PH018, PR067)
8.10 Viability (Diet, Boundary Conditions).
8.11 Ingestion. External. (EX008, EX009, EX010, EX012, EX018, EX02)
9.1 No interactions.
9.2 No interactions.
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9.3 Contamination. Drums.
9.4 Bioturbation. (PR042)
9.5 Burrowing. (PR042)
9.6 Burrowing. Excretion. Bioturbation. Erosion. (PH019, PR023 PR042

PR060)
9.7 Exhalation.
9.8 Consumption. Fertilising. Direct contamination.
9.9 (PH019, PR006, PR023, PR045, PR046, PR047)
9.10 Depending on boundary conditions.
9.11 Ingestion. External. (EX011, EX012, EX020, EX026, EX034, EX035)
10.1 Eg. Intrusion. (Not considered) (EX017)
10.2 Water extraction. Pollution. Recharge. Treatment. (EX008, EX009,

PH005, PH006, PH026)
10.3 Water recharge. Water extraction. Pollution. Treatments. Civil engineer.

Dam and Drain. (PH009, PH016(E), PH026, EX017)
10.4 Dredging. Removal. (PH014, PH016(E))
10.5 Pollution. Civil Engineer. Deep Ploughing. (PH013, PH015(E),

PH016(E), EX008, EX009,)
10.6 Agriculture. Pollution. Forestry. Construction. Irrigation. (PH012,

PH015(E), PH016(E), PH021, EX008,)
10.7 Pollution. Filtration. Ventilation. (PH029, PH031)
10.8 Recycling. Storage. Burning. Making furniture. (EX009, EX012,

EX040, EX041, PH018, PH020)
10.9 Farming. Storage. Hunting. (EX011, EX012, PH019, PH027, PH032)
10,10
10,11 Depending on boundary conditions. (PR051)
11.1 No interactions.
11.2 No interactions.
11.3 No interactions.
11.4 No interactions.
11.5 No interactions.
11.6 No interactions.
11.7 No interactions.
11.8 No interactions.
11.9 No interactions.
11.10 No interactions.
11,11

It was commonly found that interactions between LDEs could involve radionuclide
transport as well as processes affecting the elements themselves. This joint effect is
not always explicitly acknowledged.

Following review, further information has been received and some work has been
done related to the Biosphere Matrix. This work has resulted in a final revision of
the Matrix in terms of corrections/modifications, most of them due to printing
problems.
The following list gives the elements of the matrix that have been changed or
corrected with respect to the former one:
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Version (December 1995)

1.6 Pollution
1.9 Yes (contamination)
1.11 Language correction
2.8 Irrigation due to human activities

Previous Version

2.9 N o t

3.6
3.7
4.1
4.5
4.6
4.7

Not (main for our system), irrigation
due to human activities
(main for

drinking water
our s i tua t ion) ,

Conversion
Conversion, dredging

External and direct contamination

Drinking water due to human
activities
Language correction
Language correction
Modifies geo-biosphere interface
Conversion, recharge at river bank
Conversion, flooding
Language correction

__4.11 External irradiation, direct
contamination

5.8 Language correction
7.8 Language correction
7.11 Language correction
8.6 Language correction
8.7 Language correction
10.2 Language correction
10.3 Language correction
10.5 Language correction
10.6 Language correction

The final version of the biosphere interaction matrix is given in Figure A3.1. A
useful feature of the matrix is that the top now represents the type of information
which might be expected to be provided by the geosphere modelling part of a
performance assessment. Similarly, the first column represents the type of
information from the biosphere which affects the geosphere modelling, eg, amounts
of infiltrating rainwater.

A3.3.3 Audit of the Matrix Against the FEP List

This step of the methodology aims to assure that:

• all previously identified FEPs can be associated with in the interaction
matrix;

• all interactions correspond to at least one FEP.

Table A3.1 shows the results of mapping the FEP List to the matrix. This shows
how any FEP gets incorporated into the conceptual modelling process. The ad hoc
comments included have been reproduced to illustrate how discussion points might
need to be recorded, rather than as details of particular significance to biosphere
modelling generally.

Note that the FEP List used for this auditing was an earlier version than that
finally presented in Appendix Al. This illustrates the continuously developing
nature of such a list, as discussed in Section 2 of the main text.
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Figure A3.1: Final Version of RES Matrix
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Code

CL005

PH01S

PH015

PH016

PH016

PH016

PH016

PR038

PR038

PR039

PR040

PR077

PR078

FEP-name

CUMATE CHANGES
EARTHWORKS
EARTHWORKS
DAM BUILDING
DAM BUILDING
DAM BUILDING
DAM BUILDING
EROSION BY FLOODS
EROSION BY FLOODS
SOLID MATERIAL TRANSPORT BY
LANDSLIDES
SOLID MATERIAL TRANSPORT BY
ROCK FALL

CHANGES IN ENVIRONMENTS
BURNING

FromJLDE

Human
Human
Human
Human
Human
Human
SED
SW

Flora

TO_LDE

TS
VS2
VSZ
TS
SED
SW
TS
TS

Atmosphere

Type

Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction

Interaction

Interaction

Interaction
Interaction

Comments

Climate is BC changing climate is an event
May be external events also but included as separate interaction
May be external events also but included as separate interaction
May be external events also but included as separate interaction
May be external events also but included as separate interaction
May be external events also but included as separate interaction
May be external events also but Included as separate interaction
Divide in large floods and process type. May be external event
Divide in large floods and process type. May be external event

Land slides are large landscaping events

Not there

Not there
Natural process rather than an event and a PW human - flora

N_PATH

1/1
1/2
2/2
1/4

' 2/4
3/4
4 /4
1/2
2/2

1/1

1/1

1/1
1/1
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Processes

Code

EX0O4

EX005

EX007

EX008

EX008

EX008

EX008

EX008

EX008

EX008

EX008

EX009

EX009

EX009

EX009

EX009

EX009

EX009

EX009

FEP-name
EXTERNAL RADIATION FROM THE
ATMOSPHERE
EXTERNAL RADIATION FROM SOILS
EXTERNAL RADIATION FROM
SEDIMENTS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS
EXTERNAL RADIATION FROM BUILDING
MATERIALS

EXTERNAL RADIATION FROM

FURNITURE
EXTERNAL RADIATION FROM

FURNITURE

EXTERNAL RADIATION FROM

FURNITURE

EXTERNAL RADIATION FROM

FURNITURE

EXTERNAL RADIATION FROM
FURNITURE
EXTERNAL RADIATION FROM
(FURNITURE
EXTERNAL RADIATION FROM
iFURNTTURE
| EXTERNAL RADIATION FROM
(FURNITURE

FromJLDE

Atmosphere
TS

SED

Human

rluman

TS

Human

Flora

VSZ

PSZ

Human

Human

Human

Human

PSZ

Flora

TS

Human

VSZ

TOJLDE

3ose

Dose

3ose

VSZ

TS

Dose

PSZ

Dose

Dose

Dose

Flora

PSZ

VSZ

TS

Dose

Dose

Dose

Flora

Dose

Type

Interaction

Interaction

interaction

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Comments

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

Added to Matrix on FEP review

N_PATH

1/1

1/1

1/1

1/8

2/8

3/8

4/8

5/8

6/8

7/8

8/8

1/8

2/8

3/8

4/8

S/8

6/8 ,

7/8

8/8
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Code

EX010

EXOll

EX011

EX012

EX012

EX012

EX012

EX013

EX017

EX017

EX017

EX017

EX017

EX017

EX018 _ J

EX019

EX020

EX023

EX024

EX024

EX026

EX026

EX027

EX028

EX029

FEP-name
EXTERNAL RADIATION FROM
VEGETATION
EXTERNAL RADIATION FROM ANIMALS
EXTERNAL RADIATION FROM ANIMALS
EXTERNAL RADIATION FROM
CLOTHING
EXTERNAL RADIATION FROM
CLOTHING
EXTERNAL RADIATION FROM
CLOTHING
EXTERNAL RADIATION FROM
CLOTHING
EXTERNAL RADIATION FROM MEDICAL
APPLICATIONS

INGESTION OF TAP WATER

INGESTION OF TAP WATER

INGESTION OF TAP WATER

INGESTION OF TAP WATER

INGESTION OF TAP WATER

[INGESTION OF TAP WATER
INGESTION OF PLANT-DERTVED DRINKS

INGESTtON OF MINERAL WATER
INGESTION OF ANIMAL DERIVED
DRINKS
INGESTION OF WATER IN FOOD
PRODUCTS
INGESTION OF SOIL INCLUDED IN FOOD
PRODUCTS
INGESTION OF SOIL INCLUDED IN FOOD
PRODUCTS .

INGESTION OF LEAF VEGETABLES

INGESTION OF LEAF VEGETABLES
INGEST1ON OF FRUITS

INGESTION OF ROOT VEGETABLES
INGESTION OF LEGUMES

EX030 IINGESTION OF GRAIN

FromJLDE

Flora
Human
Fauna

Fauna

Human

Flora

Human

SO

SW

Human

Human

VSZ

Human
Flora

Fauna

PS2

TS

Flora

Fauna

Flora
Flora

Flora
Flora
Flora

TO_LDE

Dose

Fauna
Dose

Dose

Fauna

Dose

Flora

[Dose

Dose

SW

VSZ

Dose

SO
Dose

Dose

Dose

Flora

Dose

Dose

Dose
Dose

Dose
Dose
Dose

Type

Interaction

Pathway
Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway

Pathway
Interaction

Interaction

Interaction

Pathway

Pathway

Interaction

Interaction
Interaction

Interaction
Interaction
Interaction

Comments

We may add it as a What if calc - HO PSZ DOSE ok in system

Excluded in BC springs

Excluded in BC springs
possibly PW HU PLA DOSE

BC exclude import of food

Possible PW HU FAUNA DOSE

Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE

Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE

NJPATH

1/1
1/2
111

1/4

2/4

3/4

4/4

1/1
1/6

2/6

3/6

4/6

5/6

bib

1/1

1/1

1/1

1/1

1/2

2/2

1/2
2/2
1/1 '
1/1
1/1
1/1
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Code
EX031

EX032

EX034

EX035
EX036

EX037

EX037

EX038

EX039
EX040

EX040
EX040

EX041

EX041

EX042
EX042

EX006

EX006

EX006

PHOOS

PH005

PH006

FEP-name
INGESTION OF FUNGI
INGESTION OF FRUTT VEGETABLES
INGESnONOFMEAT
INGESTIONOFHSH
INGESTIONOFEGGS
INGESTION OF SEAPLANTS
INGESTION OF SEAPLANTS
PICA
INHALATION OF AIR
INHALATION OF SMOKE
INHALATION OF SMOKE
INHALATION OF SMOKE
INHALATION FROM TOBACCO
INHALATION FROM TOBACCO
DERMAL ABSORPTION
DERMAL ABSORPTION
EXTERNAL RADIATION FROM WATER
EXTERNAL RADIATION FROM WATER
EXTERNAL RADIATION FROM WATER
WELL SUPPLY

WELL SUPPLY

IRRIGATION

PH006 ilRRIGATION
PH006
PH006
PH006

PH006

IRRIGATION

IRRIGATION
IRRIGATION

IRRIGATION

PH007 JWATER EXTRACTION

PH008

PH009
PH012
PH013
PH014
PH014

PH018

WATER RECHARGE

ARTIFICIAL MIXING OF LAKES
PLOUGHING
DEEPPLOUGING
DREDGING OF SEDIMENTS TO SOIL
DREDGING OF SEDIMENTS TO SOIL

RECYCLING OF CROP RESIDUES

PH018 IRECYCUNG OF CROP RESIDUES

FromJLDE
Flora
Hora
;auna
:auna
rauna
'auna

SW
TS
Atmosphere
Flora
Atmosphere
-Juman
iTora
riuman
PSZ
TS
SW
PSZ
SO
PSZ
Human

FSZ

TS.
SW
Human
SW
PSZ

Human
Human
Human
SED
Human

Flora

Flora

TOJ.DE
3ose
Dose
Dose
3ose
Dose
3ose

Dose
Dose
3ose
Atmosphere
Dose
Flora
Dose
Flora
Dose
Dose
Dose
Dose
Dose
Dose

PSZ

TS

Flora
TS

PSZ
Flora

Flora

SW
TS
VSZ
TS
SED

Fauna

TS

Tyj>e
Interaction
nteraction
nteraction
nteraction
nteractiort
riteraction
interaction
nteraction
Interaction
Pathway
?<\thway
Pathway
Pathway
Pathway
Interaction
Interaction
Interaction
Interaction
Interaction
Pathway

Pathway

Pathway
Pathway
Pathway
Pathway
Pathway

Pathway

Interaction
Interaction
Interaction
Pathway
Pathway

Pathway

Pathway

Comments
Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE
Possible PW HU FAUNA DOSE
Outside BC Possible PW HU FAUNA DOSE

No marine environment

Possible PW HU FLORA AIR DOSE

Covered in PH006 or EX017

Reverse of PH007

BC says NO LAKE

BC says NO

NJPATH
1/1
1/1
1/1
1/1
1/1
1/2
2/2
1/1
1/1
1/3
2/3
3/3
1/2
2/2
1/2
2/2
1/3
2/3
3/3
1/2

2/2

1/6

2/6
3/6
4/6
5/6

6/6

1/1

1/1

1/1
1/1
1/1
1/2 •
2/2

1/4
1 2/4
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Code
PH018
PH018

PH019

PH019

PH019

PH020

PH020

FEP-name
RECYCLING OF CROP RESIDUES
RECYCLING OP CROP RESIDUES

MANURE TO SOIL

MANURE TO SOIL

MANURE TO SOIL

RECYCLING OF ASHES

RECYCLING OF ASHES

PH021 ISEWAGE SLUDGE

PH02S lLAND RECLAMATION
PH026 FILTRATION OF DRINKING WATER
PH026 JFILTRATION OF DRINKING WATER

PH027

PH027
PH029

PH031
PM032

STORAGE OF PRODUCTS

STORAGE OF PRODUCTS
AIR FILTRATION

VENTILATION
FOOD PROCESSING

PH032 JFOOD PROCESSING
PR004 i ACID RAIN .
PROOS ALCAUNISATION

iCHEMICAL CHANGES BY
PR006 [MICROORGANISMS

PR006

PR006

CHEMICAL CHANGES BY
MICROORGANISMS
CHEMICAL CHANGES BY
MICROORGANISMS
ICHEMICAL CHANGES BY

PROO6 IMICROORGANISMS
ICHEMICAL CHANGES BY

PROW IMICROORGANISMS
(CHEMICAL CHANGES BY

PR006 MICROORGANISMS
| CHEMICAL CHANGES BY

PROO6 IMICROORGANISMS

PR006
CHEMICAL CHANGES BY
MICROORGANISMS

FromJLDE
Human

Flora

Human

Fauna

Fauna

Human

Flora

Human

Human

Human
Human

Human
Human

Human
Human
Human

VS2

PS2

SED

Atmosphere

Flora

Fauna

TS

SW

TO_LDE
Flora

Fauna

TS

Flora

TS

TS

PSZ

SW
Flora
Fauna
Atmosphere

Atmosphere
Flora
Fauna

Iffii _
Pathway
Internal

Pathway

Internal

PW + 1

Pathway

Pathway

BC sys No
Interaction

Interaction
Interaction

Interaction
Interaction

Interaction
Interaction
Interaction

Internal

Internal

Internal

Internal

Internal

Internal

Internal

Internal

Comments

Also aquatic flora

Implicit to dose

Implicit to dose

BC says NO otherwise HU AIR (SW TS)
BC says NO otherwise AIR TS

N_PATH

3/4
4/4

1/3

2/3

3/3

1/2
111

1/1

1/1
1/2

2/2

1/2
2/2

1/1

1/1
1/2
2/2
1/1
1/1

1/8

2/8

3/8

4/8

5/8

6/8

7/8

8/8
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Code

PR007

PR007

PR009

PR010

PR011
PRO11
PRO11

PR014
PR014

PR014
PR014

PR015
PR015
PR016

FEP-name
CHEMICAL CHANGES CAUSED BY

PLANTS

CHEMICAL CHANGES CAUSED BY

PLANTS

AGEING OF LAKES

GAS TRANSPORT

AEROSOLS TRANSPORT

AEROSOLS TRANSPORT

AEROSOLS TRANSPORT
RAINFALL
RAINFALL

RAINFALL
RAINFALL

EVAPORATION
EVAPORATION

EVAPOTRANSPIRAT1ON

PR018 iROOT UPTAKE

PR019 ISURFACE RUN-OFF

PR020

PR021 _j

INFILTRATION

PERCOLATION

PR021 1 PERCOLATION

PR022

PR022

PR023

PR023

PR023

PR023

.CAPILLARY RISE

CAPILLARY RISE

BIOLOGICAL WATER TRANSPORT

BIOLOGICAL WATER TRANSPORT

BIOLOGICAL WATER TRANSPORT

BIOLOGICAL WATER TRANSPORT

PR027 I WASHOUT

PR028 j

PR028

PR029

PR029

PR030
PR030

PR031

PR031

PR033

PR033

WET DEPOSITION

WET DEPOSITION

DRY DEPOSITION

DRY DEPOSITION

SOILRESUSPENSION

SOILRESUSPENSION

WIND EROSION

WIND EROSION

SEDIMENT RESUSPENSION

SEDIMENT RESUSPENSION

FromJLDE

Flora

Flora

SW
TS
SED
Atmosphere
Atmosphere

Atmosphere

Atmosphere
SW
TS
Flora

TS
TS
Atmosphere

TS
VSZ
VSZ
FSZ

Fauna

Fauna

SO
SW
Atmosphere

Ahnospherp

Atmosphere
Atmosphere

Atmosphere

SED
TS
Atmosphere

Atmosphere

SED
SW

TOJLDE

TS

SW

Atmosphere

Atmosphere

Atmosphere
Flora

TS
SW
SED
Atmosphere

Atmosphere

Atmosphere

Flora

SW
TS
VSZ
PSZ
TS
VSZ

TS

Fauna

Fauna

TS
Flora

Flora

TS
Atmosphere

Atmosphere

TS
SED
SW
SED

T IP e

interaction

Interaction

Interaction

Interaction

Interaction

Interaction
Interaction

Interaction

Interaction
Interaction

Interaction
Interaction

Interaction

Interaction

Interaction

Interaction

Interaction

Interaction

Interaction

Pathway

Internal

Pathway

Pathway

Interaction

Interaction

Interaction

Interaction

Interaction

Internction
Interaction

Interaction

Interaction

Interaction

Interaction

Comments

BC says NO

BC have no volatiles

If dry sediments

See also PR079
See also PR079

See also PR079

See also PR079
See also PR016

See also PR016
See also PR015

See also PR014

If dry sediment

If dry sediment

NJPATH

1/2

2/2 "
1/1
1/1
1/3
2/3
3/3
1/4
2/4
3/4
4/4
1/2
2/2
1/1

1/1
1/1
1/1
1/2
2/2
1/2
2/2
1/4

2/4
3/4
4/4
1/1
1/2
2/2
1/2
2/2
1/2
2/2
1/2
2/2
1/2
111
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Code
PR035

PR036

PR036

PR036

PR037
PR042

PR042
PR042

PR042
PR042
PR045

PR045

PR045
PR045

PR045
PR045
PR045
PRO45

PR046

PR046

PR046

PR046

PR046

PR046
PR047

PR047

PR047

FEP-name
TRANSPORT OF SUSPENDED SEDIMENT

WATER EROSION

WATER EROSION

WATER EROSION

SEDIMENTATION
BIOTURBATION

B1OTURBATION

BIOTURBATION
BIOTURBATION

BIOTURBATION
DISSOLUTION
DISSOLUTION

DISSOLUTION
DISSOLUTION

DISSOLUTION
DISSOLUTION

DISSOLUTION
DISSOLUTION

CHEMICAL PRECIPITATION

CHEMICAL PRECIPITATION

CHEMICAL PRECIPITATION

CHEMICAL PRECIPITATION

CHEMICAL PRECrPrrATlON
CHEMICAL PRECIPITATION
SORPTION/ADSORPTION
SORPTION/ADSORPTION
SORPTION/ADSORPTION

PR047. jSORPTION/ADSORPnON

PR047 SORPTION/ADSORPTION
PR047 JSORPTION/ADSORPTION

PR048 iDESORPTlON

PR048 iDESOftTION

PR048 IDESORPTION

PR048
PR048

PR048

PR050

DESORPTION
DESORPTION
DESORPTION
ADVECnON/CONVECnON

FromJLDE
sw
TS
TS
SW
SW
Fauna
Flora
Fauna
Flora
Fauna
PSZ
Flora
TS
SED
Fauna
Flora
SW
[VSZ

SED
Fauna
SW

PSZ

TS
VSZ
Fauna
SED
PSZ
SW
VSZ
TS
Fauna
PSZ
SW
VSZ
SED
TS

TO_LDE

SED
SW
TS
SED
TS
TS
VSZ
SED
SED

SED

TS

Type
Internal
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction
Internal
Interaction
Internal
Internal
Internal
Interaction
Internal
Internal

Internal
Internal
Internal

Internal

Internal
Internal
Internal
Internal
Internal
Internal
Internal
Intornat
Internal
Internal
Internal
Internal
Internal
Internal

Comments

General - All processes where water is transported

NJPATH

1/1
1/3
2/3
3/3
1/1
1/5
2/5
3/5
4/5

5/5
1/8
2/8
3/8
4/8
5/8
6/8
7/8
8/8

1/6
2/6
3/6

4/6

5/6
6/6
1/6
2/6
3/6
4/6
5/6
6/6
1/6
2/6
3/6
4/6
5/6
6/6
1/1

H to
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Code JFEP-name
PR051

PR051

PR052

PR0S3

PR054

PROM

PR054

PR0S5
PR0S6

PR057-

PROS8
PR059

PR060
PROW

PR060

PR060

PRO61

PR065

PR06S

PR065

PR065

PR067

PR067

PR067

PR067

PR067

PR074

PRO7S

PR07S

PR075

PR07S

DILUTION

DILUTION

DISPERSION

DIFFUSION

AEROSOL FORMATION FROM SOLUTES
AND TRANSPORT

AEROSOL FORMATION FROM SOLUTES
AND TRANSPORT

AEROSOL FORMATION FROM SOLUTES
AND TRANSPORT

BIOLOGICAL TRANSPORT OF SQLUTES

VOLATILISATION

[SUBLIMATION
CONDENSATION
COMPLEXATION

SOIL FORMATION
SOIL FORMATION

SOIL FORMATION
SOIL'FORMATION

TRANSLOCATION

WEATHERING

WEATHERING
WEATHERING

WEATHERING

jINTAKE BY LIVESTOCK

INTAKE BY LIVESTOCK

INTAKE BY LIVESTOCK

INTAKE BY LIVESTOCK

INTAKE BY LIVESTOCK

INTERNAL TRANSFER IN ANIMALS

EXTERNAL CONTAMINATION OF

LIVESTOCK

EXTERNAL CONTAMINATION OF

LIVESTOCK

EXTERNAL CONTAMINATION OF
LIVESTOCK

EXTERNAL CONTAMINATION OF

LIVESTOCK

FromJLDE

•luman

SW

TS

SED

SED
Fauna
Flora
VSZ
Flora
Flora
Flora
Flora
Flora
Flora
TS
SED
Atmosphere
SW

Fauna

SED

SW

TS

Atmosphere

TO.LDE

Dose

Atmosphere

Atmosphere

Atmosphere

TS
TS
TS
TS

TS
Atmosphere

SW
Fauna
Fauna
Fauna
Fauna
Fauna

Fauna

Fauna

Fauna

Fauna

JXEi

interaction

Interaction

Interaction

tnteraction
Interaction
Interaction
Interaction
Internal
Interaction
Interaction
Internal
Interaction
Interaction
Interaction
Interaction
Interaction
Interaction

Internal

Interaction

Interaction

Interaction

Interaction

Comments
See PR050 + Human dose reduction
See PROSO + Human dose reduction
SeePROSO
See PROSO

See PR023
BC says NO otherwise all LDEs to atmosphere
BC says NO otherwise all LDEs to atmosphere
BC says NO othenvise all DEs to atmosphere
See PR04S and PR047
BC says NO
BC says NO
BC says NO
BC says NO

N.PATH

1/2
2/2
1/1
1/1

1/3

2/3

3/3
1/1
1/1
1/1
1/1
1/1
1/4
2/4
3/4
4/4
1/1
1/4
2/4
3/4
4/4
1/5
2/5
3/5
4/5
5/5

1/1

1/4

2/4

3/4

4/4

Co
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Code
PR079 _J
PR080
PR080
PR081
PR081
PR081
PR083
PR084
PR084
PR085

FEP-name
SNOWFALL
WATER DISCHARGE
WATER DISCHARGE
WATER RECHARGE
WATER RECHARGE
WATER RECHARGE
INTAKE BY HSH
RAIN SPLASH
RAIN SPLASH
SEA SPRAY

From_LDE

PSZ

sw
sw
sw
vsz
Atmosphere
TS

TOJLDE

SW

PSZ
PSZ

TS
Flora

Type

Interaction
Internal
Internal
Interaction
Interaction

Pathway
Pathway

Comments
lnPR014

Covered partly by percolation
Covered partly by percolation
SeePR067 J

No marine environment

N_PATH
1/1
1/2
2/2
1/3
2/3
3/3
1/1
1/2
2/2
1/1

>
w
S3
O



BIOMOVS II
TR6

A3.3.4 Identification of Important Off-diagonal Elements

The main objective of this stage of the RES method is to identify important
pathways for radionuclide transport through the biosphere, which has been
defined under specific premises.

Premises here are very generic but sufficiently detailed for the purpose of
illustration of the method.

It is recognised that it was not a trivial matter deciding how to indicate importance
and to establish a ranking between matrix interactions. Anyway, it is a necessary
step prior to the construction of conceptual models. Decisions would need to be
documented in a real evaluation. For the present description of the Method,
decisions are only justified by reference to the judgement of the participants.

Two main problems are: (1) how to establish importance and (2) how to range
interactions. Importance was established using the following scheme.

Category

A
B
C
D
E

Importance

Always
Probably
Conditionallytt)
Probably not
Never

Knowledge

Good
Bad
Variable
Bad
Good

In Assessment
Model

Yes
Possibly
Conditionally
Possibly
No

C1) Here conditionally means that importance depends on some extra detail which
may be known later in the assessment, eg, what radionuclide(s) is involved.

Table A3.2: Categorization of Importance of the Off-Diagonal Elements
(ODEs) of the Matrix

Other variants were possible, however, five options were thought to provide
enough distinctions between ODEs.

"How to rank interaction", could be solved using "expert judgement" or following
a screening process with screening codes. Here we ranked the interactions using
expert judgement through a questionnaire distributed amongst participants. Figure
A3.2 illustrates the relative importance of each matrix element as identified from
the individual responses to the questionnaire.

A3.21
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2.1

E

3.1

E .

4.1

E

5.1

E
6.1

E
7.1

E
8.1

E
9.1

E
10.1

E

n.i
E

1.2

A

22

3.2

B

4.2

D

5.2

B
6.2

E
7.2

E
8.2

D
9.2

E
10.2

C

11.2

E

1.3

c

2.3

A

33

4.3

B

5.3

B
6.3

B
7.3

A
8.3

E
9.3

B
10.3

B

11.3

E

1.4

c

2.4

A

3.4

B

44

5.4

c
6.4

c
7.4

c
8.4

D
9.4

c
10.4

c

11.4
E

1.5

c

2.5

A
3.5

B

4.5

B

55

6.5

A
7.5

E
8.5

c
9.5

B
10.5

C

11.5

E

1.6

E

2.6

c

3.6

B

4.6

c

5.6

B
66

7.6

B
8.6

B
9.6

B
10.6

A

11.6

E

1.7

E

2.7

E

3.7

D

4.7

c

5.7

E
6.7

A

77

8.7

B
9.7

c
10.7

c

11.7

E

1.8

E

2.8

c

3.8

A

4.8

c

5.8

c
6.8

A
7.8

A
88

9.8

B
10.8

A

11.8

E

1.9

E

2.9

c

3.9

B

4.9

c

5.9

D

6.9

B
7.9

c
8.9

B

99

10.9

A

11.9

E

1.10

E

2.10

C

3.10

c

4.10

D
5.10

D
6.10

B
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Figure A3.2: Significance of Off-Diagonal Elements for the Matrix Defined

A3.22



BIOMOVS II
TR6

In a real evaluation it is recommended that a systematic method be used for
performing expert judgement analysis. That is, (1) to design a questionnaire where
the answer of a specific question is known and the reasons why that answer
reached is known too, (2) to design an analysis method of responses according to
the questionnaire (statistical, given a specific weight to each answer, etc).

A3.3.5 Information for Description of Conceptual Models

The construction process should be made once all the previous steps have been
completed, and the specific Source Term is known (at least, the radionuclides to be
considered and the interface Geo-Biosphere type).

We consider a conceptual model to be a representation of a system about which a
calculation has to be made in the PA. (Some people might describe this system
representation and the corresponding calculation as a scenario.). The important
interactions provide the basis for constructing the conceptual model. The next step
from a description of the system to deciding what calculation(s) to make is a major
step. No single methodology provides an easy solution to justify the particular
calculations. To some extent the calculations must speak for themselves in terms
of relevance and applicability.

The main approaches investigated all involve preparation of FEPs lists, some form
of structuring and ordering of the associated information and then drawing
inferences from the structuring to suggest relevant calculations. Section A3.2 refers
to recent work in the area of conceptual model development, eg, Skagius et al
[1995], Chapman et al [1995] and Eng et al [1994]. Two particular approaches
have been used to do this, the Process Influence Diagram (PID) and the RES
interaction matrix approaches. Mathematically, they come to the same thing. The
RES approach has been adopted here because it is relatively transparent and easy
to explain. The procedure to define the conceptual model has to include the
justification for the details. Again, the relatively simple structure of the matrix
facilitates this process. The steps outlined below have been developed from
experience gained within BIOMOVS EL, from meetings in Langholmen [BIOMOVS II,
1994b] and Madrid [BIOMOVS II, 1995c].

The key steps in developing the conceptual model with the RES methodology
include

• Develop a RES Matrix for each biosphere system, taking account of the
given assessment context. The matrix includes in the leading diagonal
elements (LDEs) all the main components of the system being
modelled, and in the off-diagonal elements (ODEs) the interactions
between those components. Generally, the source term into the
biosphere would be defined in the top left of the matrix, major
environmental media in the middle, and mechanisms for interactions
between humans and the media (and hence the radionuclide exposure
mechanisms) in the bottom right.

• Audit each matrix against the international FEP List, especially noting
what is done with each FEP, ie included in Matrix and where, or
excluded and why. Sometimes, this audit may result in correction or
supplementation of the matrix. (This step is sometimes called
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screening of FEPs.) For 'events' which imply perturbation of the
matrix, it may be necessary to distinguish small perturbations in the
ODEs from large changes which affect the LDEs, and hence result in a

• completely different matrix.

The resulting matrix contains all that should be needed to produce the conceptual
model.

The international generic FEP list (Appendix Al) has a broad context; it applies to
any long term release in groundwater occurring at an inland site in the far future.
This is sufficient for releases being considered in detail within the current
illustration of the methodology given below. Differently scoped FEP lists might
(need to) be developed for other specific biosphere systems or geosphere releases,
eg, gaseous releases.

An interesting feature of the methodology is that the FEP List can be developed
independently from the RES matrix. If the Matrix were to be developed by the
same people as the FEP List then there could be legitimate criticism that the matrix,
and hence the conceptual models, had been designed in a closed loop of
assessment modellers. Any issue can be introduced by any interested party
through the FEP List. The auditing step allows other issues to be introduced and
forces the assessment team, to explain how the issues are to be dealt with. At the
same time, previous experience within the assessment team in modelling,
radioecology etc, can be readily incorporated.

A3.4 Using the Matrix to Develop an Assessment Context

The RBWG has included in the International Biosphere FEP List those FEPs that
are related to the Assessment Context and the Basic System Description (see also
Figure 2.1 of the main report). In addition to the application of the RES
methodology to the biosphere as reported in the previous Chapter A3.3, Frits van
Dorp tested whether this methodology could provide useful information when
applied to the assessment context and its FEPs. The results are only indicative,
because the Working Group did not review them.

Figure A3.4 presents an application of the RES approach to the assessment context
of deep geological disposal of radioactive waste in general. Figure A3.5 is the
application to the illustration described in Chapter 4 of the main Report. A
comparison of the two figures shows that the application of the approach to a
specific case reduces the number of interactions. Also the individual interactions
become more specific, as can be expected.

Similarly to the audit reported in Section A3.3.3 and Table A3.1 the FEPs have
been mapped against the matrix in Figure A3.5. This produces the relationships
between the Assessment Context and Basic System Description FEPs and the other
"regular" FEPs. These relationships are relevant for the conceptual model in so far
as they indicate the reasons of including or not including FEPs in the conceptual
model. These logical relationships have also to be taken into account when
parameters are defined for the individual FEPs and when the subsequent values
are evaluated.
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Appendix A4: International Biospheric FEP's Data Base
"BIOFEP" APPLICATION: User's Manual

A4.1 Introduction

The "BIOFEP" application, jointly developed with the international biospheric
FEP data base, provides a graphical interface for an easy access to the
information stored in the International Biosphere FEP List Data Base.

Through "BIOFEP" the user is able to obtain in an interactive way the information
relating to any FEP belonging to the International Biospheric FEP List detailed in
Appendix Al. The user is able to edit the FEP names, the description and the
comments. Of course, once the list has been edited, it is no longer the same as the
list produced within BIOMOVS II. Revised versions may form the basis for site or
assessment specific FEP List development. The importance of this type of
application lies in the straightforward maintenance of an assessment specific FEP
List.

The design and implementation has been performed with the application
development tool called "TOOL BOOK" for Windows environment.

A4.2 General Application Description

A4.2.1 Files included with the Application

Executable File:
BIOFEP.EXE

Data File:
FEPS_00.TBK

Icon File:
BIOFEP.ICO

Info File:

• INFO.TXT

ToolBook Runtime Files.

A4.2.2 Hardware Requirements
The application has been developed for PC's under Windows environments. A PC
with 486 processor and a minimum of 8 Mb of RAM are recommended. It is
necessary to have available a mouse.

The minimum hard disk space required to complete the installation of the program
and the application files is around 5 Mb.
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A4.2.3 Software Requirements

Windows 3.1 or higher version.

A4.3 The Program

A4.3.1 Installation

The SETUP.EXE program installs the BIOFEP application (executable and runtime
files). To install BIOFEP application from floppy disks:

1°: Put Disk 1 in your floppy drive,

' 2°: Start Windows and choose File/Run from the Program Manager,

3°: Choose the file SETUP.EXE from Disk 1.

Two directories will be created, by default, in your hard disk:

1.- C:\BIOFEP for Executable, Data, Icon and Info files,

2.- C:\WINDOWS\ASYM for Runtime files,

also, a Windows Group "BIOFEP" will be created.

A4.3.2 Running

A4.3.2.1 Introduction

To start the application, "click" with the mouse twice on the BIOFEP icon.

The presentation screen will appears on the screen (see Figure A4.1). To start the
Application press the button appearing on the right lower corner of the screen.

BioFep
Version 1.0

Ciemat / IMA

Figure A4.1

On the left lower corner of the screen the application exit button appears too.
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A4.3.2. Main Menu

The main menu has two submenus:

FEATURES
EVENTS&PROCESSES

This screen appears in Figure A4.2.

BioFep
IVfaln

FEATURES

CONTEXT

BASIC SYSTEM DESCWPTTON

PROCESSES

NATURAL EVENT* AKD FROCGSSCS

EV*r*T* AMD rROCESSCS RfLATD)

TO KO1VKAT4 ACTIVITY

CVtMTS AMD PROCESSES RELATED

TO NTJMAM EWOSURi:

BHU'

Figure A4.2

Each menu contains a FEP of a superior hierarchy level (ie, FEATURES), and its
description and commentaries appears when the left corresponding button text is
selected with the mouse, and its corresponding subFEPs, in the cases they exist,
can be seen pressing the "sublevel" button that appears on the screen at the same
time as the Description and Comments window (see Figure A4.3). This procedure
is repeated as many times as the number of corresponding sublevels.

In the Description and Comments window is possible to change the text and then,
to save the changes, the "Save&Close" button should be pressed.

BioFep

ACEKSCMUTT CONHXT

BASIC t r i i w D O C n r n o K

EOURCE TERM i v t _ I

ceonmra:/ MO***KEKK wnra-Act
RILIAAMBCHAraSM
• OURCE TERM CHARACTERISTIC*

OH

I I f$ EXIT 11 J W-bUrt j

Figure A4.3
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BioFep
FEATURES

tQURCETERM

CEOtPHEREmlOSPHERE INTERFACE

Th« distinction b«tw«aa blo*|>h«n *
• 4MW - -
»a-L

Figure A4.4

In all screens three extra buttons appears on the left lower corner of the screen.
One of them, "Whole List" allows access to the whole list hierarchical structured.
Pressing any FEP on the List the corresponding Description and Comments
appears on the screen as in Figure A4.5.

BioFep
INTERN AT1ONA.U F E P LIST <C<m>pI«t LUt >

I. FEATtJRES
LI. A

S
ASSESSMENT COt-fTCCT

1.1.L ASSCSS>«n*T TOBfOSE
1.IJ. ASSCSSIKEWTBtOPOINTS

LlAJ.COiXECnVEDOSg"

ETO BIOTA OTHERTKAW MAW
iQrrocuDccortcETfntA'nowiwniCE

1.1 j . KEFo sn:oR.v TVIX

Figure A4.5

BioFep
Fep's ^H

CIEMATW

DEFINITION

COMMENT

Ttxm r*t«u* of ccntunlndoa Into ttt«

Blo«pb«r« R»d«U are ^plcally rafas4«n(tellr
d«co«pl«4 Itom tKoc« to.Q<£*U ttast «r« us*4 to

Figure A4.6

The second extra button, "Search a string", allows a search for a string in the
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FEP's Data Base.

On pressing this button, a dialogue box appears on the screen where the string
should be written, then press "OK". If the string is found the text appears on the
screen with the complete corresponding Data Base FEP fields. A new dialogue box
appears on the screen to follow for the next one or to stop searching. To return to
the program application press the right upper corner button on the screen: "Return
to program".

The third extra button allows the user to get the FEP List Data Base.

A4.3.3 Printing Utilities

It is possible to print the whole list from the Data Base Screen (as in Figure A4.6)
and it is possible to print the screens at any time. Both possibilities are available
from the bar menu.
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Appendix A5: Participants and Contributions

Considerable interest has been shown in the Reference Biospheres Working Group
from many organisations throughout the world. Contributions in the form of ideas
and comments on discussion material have been received from many sources in
addition to the more direct input from people participating in Working Group
meetings and contributing to the discussion material. All these contributions are very
much appreciated. The following lists all the major contributors to this final report,
with special recognition to the Working Group Leader, Frits van Dorp. Bearing in
mind all the different sources of input, it is probable that no individual contributor
would or could entirely endorse the report contents. Hopefully, important issues
have been identified, options discussed and, where possible, suitable compromises
achieved.
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