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"A methodology to analyze the biosphere in the assessment of deep
geological repositories for high level radioactive waste"
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Abstract

This report summarizes the work done and the achievements reached within the R&D Project that IMA/CIEMAT has had with
ENRESA during 1993-1995. The overall R&D Project has a wide radiological protection context, but he work reported here relates only
to the development of a Methodology for considering the Biosphere sub-system in the assessments of deep geological repositories for
high radioactive wastes (HLW).

The main areas concerned within the Methodology have to do with the Biosphere structure and morphology in the long-term
relevant to deep disposal of HLW: in the contexts of the assessment of these systems, and appropiate modelling of the behaviour of
radionuclides released to the biosphere system and with the associated human exposure.

The problem that consideration of the biosphere presents in this context applies to all those countries which foresee disposal of
their radioactive waste in deep geological repositories. Some relevant achievements reached within this Project are the generation of a
wide international consensus about the consideration of the future biosphere scenarios through a set of illustrative reference biospheres,
and the establisment of agreed systematic procedures to perform the assessment.

This document first provides a review of the past and present international and national concerns about the biosphere modelling
and its importance in relation to the definition of safety criteria. A joint ENRESA/ANDRA/IPSN/CIEMAT study about the definition and
practical descriptions of the biosphere systems under different climatic states is then summarized.

The Methodology developed by IMA/CIEMAT is outlined with an illustration of the way it works. Different steps and procedures
are included for a better practical understanding of the software tools developed within the project to support the application of the
Methodology.

This methodology is widely based on an international working group on "Reference Biospheres", part of the BIOMOVS II
Project. Our international and national work for ENRESA has been supported under a collaborative agreement with QuantiSci ltd. Specific
software developments have been carried out in collaboration with QuantiSci ltd and with the Polytechnical University of Madrid.

Most of the items included within the Methodology, and moreover the Methodology as a whole, follows a continous progressive
development. This is reflected in the new agreement proposed to ENRESA to extend the work already developed. It is increasingly
recognized that assessment capabilities, establishment of safety criteria and regulatory framework and the steps in a regulator}' development
programme should all proceed in parallel.

"Metodología para analizar la Biosfera en las evaluaciones de almacenamientos geológicos
profundos para residuos radiactivos de alta actividad"

Pinedo, P. (Instituto de Medio Ambiente, CIEMAT); Smith, G. (QuantiSci Ltd., United Kingdon)
53 págs., 5 figrs. 47 refs.

Abstract

El presente informe resume el trabajo realizado y los logros alcanzados dentro del Proyecto de KD que el IMA/CIEMAT ha
realizado para ENRESA durante los años 1993 a 1995. El Proyecto en su globalidad tiene un espectro más amplio desde el punto de vista
de la protección radiológica, pero el trabajo reflejado aquí se refiere exclusivamente al desarrollo de una Metodología para considerar el
sub-sistema de la Biosfera en las evaluaciones de almacenamientos geológicos profundos de residuos radiactivos de alta actividad.

La Metodología trata especialemente los aspectos de la estructura y morfología del sistema biosférico en relación con el largo
plazo al que los almacenamientos geológicos profundos deben hacer referencia. En el contexto de la evaluación de estos sistemas se debe
llevar a cabo una adecuada modelización de la liberación de radionucleidos al sistema biosférico, de la distribución de radionúclidos en el
mismo y de la evaluación de la exposición humana asociada.

El problema que presenta la biosfera en este contexto, aplica a todos aquellos países que pretenden disponer los residuos radiactivos
en almacenamientos geológicos profundos. Uno de los logros importantes alcanzado dentro de este Proyecto es la generación de un
amplio consenso internacional en la consideración de futuros escenarios de biosfera a través de un conjunto de biosferas de referencia
ilustrativas, y del establecimiento de procedimientos sistemáticos para realizar la evaluación.

El primer capítulo proporciona una revisión de los aspectos nacionales e internacionales del pasado y del presente sobre modelización
de la biosfera y su importancia en relación con la defmicón de criterios de seguridad. A continuación se resume un Estudio conjunto entre
ENRESA/ANDRA/IPSN/CIEMAT para la definición y descripción práctica de sistemas biosféricos bajo diferentes estados climáticos.

El siguiente capítulo describe la Metodología desarrollada por el IMA/CIEMAT con un ejemplo ilustrativo donde se especifica la
forma de aplicación de la misma. Distintos pasos y procedimientos se incluyen en el texto para una mejor comprensión de las herramientas
informáticas desarrolladas a lo largo del Proyecto, que permiten la aplicación de la Metodología.

Esta Metodología se fundamenta básicamente en los trabajos desarrollados dentro del Grupo de Trabajo de Biosferas de Referen-
cia del Proyecto internacional BIOMOVS II, y para el desarrollo de estos trabajos, tanto a nivel nacional como internacional se ha contado
con la colaboración de la empresa QuantiSci inglesa y con la colaboración de la Universidad Politécnica de Madrid en aspectos específi-
cos de desarrollo de software.
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1. Introduction and Objectives

This document reports on the progress and the present stage of the Methodology to evaluate the
biosphere that has been developed in the Environmental Institute of the Energy, Environmental
and Technology Research Center (IMA/CIEMAT), corresponding to the first three years of the
agreement with the National Spanish Radioactive Waste Management Company (ENRESA),
related to "Radiological Protection in Radioactive Waste Management Part A".

Although the scope and objectives of the Agreement comprise a wider perspective in the
radiological protection field related with radioactive waste management, this document is
specifically devoted to the development of methods and models to evaluate the radiological
impact due to the presence of contaminants in the biosphere from a deep geological repository
forHLW.

The work performed has been focussed on two main objectives: (1) theoretical Methodology
developments that integrate as much as possible the consideration and representation of the
biosphere from the assessment point of view and; (2) the development of software tools to help
to generate and solve calculations to assess the level of safety of high level radioactive waste
geological repositories.

These aspects have been developed with external support, through collaborative agreements, with
QuantiSci Ltd. in both aspects and, from the Polytechnical University of Madrid in aspects related
with software developments.

The problem that the consideration of the biosphere presents in this context applies to all those
countries which foresee disposal of their radioactive wastes in deep geological repositories.
Therefore, there is a common interest in performing joint developments on these complex issues.
With this idea working groups are promoted where many of the national agencies or institutions,
that have to provide a solution for the radioactive waste national problems, are represented.

The ENRESA project has been carried out taking full account of the relevant developments within
the BIOMOVSII programme [BIOMOVS II, 1995a], notably the Reference Biosphere working
group. The project team has also been involved in collaboration with ANDRA (Agence Nationale
pour la Gestion des Déchets Radioactifs, France) and EPSN (Institut de Protection et de Sûreté
Nucléaire, France) in the "Methodology to Integrate Climate Evolution" [MICE, 1995] project.

2. International and Other National Developments in Biosphere Modelling During 94/95

2.1. General Background

Biosphere model development is closely linked to development of post disposal safety criteria.
Outside the US, people doing assessments have in the last few years come to explicitly recognize
the difficulty of justifying long term assumptions for the biosphere, and so have backed off from
predictions of dose and instead talk of presenting indicators of dose. The NEA/IAEA/CEC [1991]
produced a collective opinion to this effect in 1991, refering to the use of qualitative evidence to
complement quantitative safety assessment.
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More recently, the IAEA has specifically concluded that [IAEA, 1994]:

The assessed long term consequences of disposal systems in terms of risk and dose can only
be considered as indicators of safety.'

A recent consultation document from the UK regulators has emphasized that (risk) estimates are
only one measure of safety [HMIP et al, 1995].

This reasoning was no doubt behind the original basis to the US regulation (e.g. 10 CFR 191)
which place little emphasis on the biosphere. As is the way with these things, just as other
countries are tending in the same direction, the pendulum in the US is swinging the other way,
with the request for and the production of the NAS report on Yucca Mountain standards [NAS,
1995]. The NAS report has placed increased emphasis on the specific assessment of doses to
humans, particularly to the so-called critical group.

To help resolve these difficulties, the concept of a Reference Biosphere has been generated. From
the BIOMOVS II Interim Report on Reference Biospheres [BIOMOVS II, 1994], one can see
that there is no easy solution. Different assessment groups have developed assessments around
different foci, concerned with specific local environments. Other differences arise due to details
of nationally relevant criteria or the stage of development of repository projects. Widely different
views are held on how detailed the reference biosphere should be and on how detailed should be
the justification for it. Extremes are represented by the 'well scenario' idea proposed Vieno [1994]
and the biosphere modelling supporting the Canadian HLW EIS [Davis et al., 1993]. The
BIOMOVS II Working Group has therefore focused on developing a methodology, which can
be applied in greater or lesser detail, but at least provides a common basis for development within
a wide variety of assessment contexts. It has become clear to participants that the assumptions
for critical groups, the justification for particular conceptual models and the detailed aspects of
the criteria which the assessment addresses, are all very much interlinked.

The developing trend so far, is to avoid overly detailed assumptions and assessment models for
specific geosphere release scenarios but to consider a greater variety of possibilities relevant to
a particular assessment. This can include consideration of alternative indicators of safety [IAEA,
1994].

Definition of critical groups is an especially difficult area. Reviews of progress to date
[BIOMOVS, 1995b] suggests that:

• While most regulations and guidance refer to ICRP and claim consistency with the ICRP
radiological protection objectives, the interpretation of those objectives varies considerably
so far as the definition of the individuals is concerned whose exposure is to be compared
with limits.

« Most agree and are explicit in saying that identifying the most exposed person and their
exposure is not a practical objective.



The wording of different regulations varies considerably. However, most require some kind
of dose assessment to be made of the more likely highest individual exposures.

Most assessments include a wide variety of exposure pathways, though details of how the
exposures arise also vary a great deal, which has a big influence on the estimates of dose.

The choice of pathways appears to be governed as much by existing models as by evaluation
of what could be significant for a particular assessment. Generally, the justification is
missing.

Most Performance Assessment (PA) calculations only consider doses to adults, although this
tends against the ICRP idea of limiting inhomogeneity within critical group doses to within
a factor of 10, since children and infants have markedly different behavior from adults which
could be critical in particular exposure conditions. It also appears inconsistent with the
application of the critical group concept to present day releases. (See data provided for
adults, children and infants recommended for generalized radiological dose assessments in
Byrometal[1995].)

Many assessments assume a self-sustaining community, which is said to be pessimistic since
it implies a high proportion of foodstuffs derived from the contaminated area. At the same
time, most assessments adopt data values for the self-sustaining community relevant to
modern intensive farming practice, which is probably inconsistent. Apart from work on-
going at ANDRA [Menut, 1995], little recognition appears to be given to modern intensive
agricultural practice, which due to high productivity, has a greater potential to concentrate
radioactivity.

Some assessments presume a particular behaviour or group is going to be critical and then
determine how the radioactivity can interact with that group. This approach can be used to
address particular interests such as native American lifestyles, eg the Nez Perce at Hanford
[Harris, 1994], but may miss the major exposure risks. The alternative approach is to
consider where the radionuclides migrate to and then consider how people might interact
with the primary and secondary receptors so as to give rise to exposure. Present day
behaviour at a particular site appears less relevant than the scope for exploitation of
resources at the site in the conditions under which the release occurs. If it is impossible to
predict those conditions, then it is at least sensible to determine them consistently with other
assumptions in the PA, such as the climate conditions assumed for water infiltration and
groundwater flow.

Note that the IAEA draft document on critical groups [IAEA, 1995] says:

a) critical groups habits should be derived from habits characteristic of the region today,

b) the group should be represented by a subsistence community,

c) the reference biosphere should be based on present day temperate conditions.



Which appears internally inconsistent as well as not very helpful as regards countries which do
not currently have temperate conditions.

6 Comparison of critical group assumptions directly related to exposure, eg root crop
consumption, does not reflect strongly the relative degree of conservatism in assessments.
Much more important assumptions have to do with 'dilution' at the geosphere-biosphere
interface and the assumptions for concentration ratios which relate radionuclide
concentrations in media such as soils to those in foodstuffs. That is, it may be more
important to identify an appropriate 'cautious but reasonable' value for a concentration ratio
than to choose how much of that food is eaten.

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

Recent work has focussed less on model development, which has been on-going for many years,
but on justification for what is in the models and the scenarios which are to be evaluated. See for
example Skagius, Strom and Wiborgh [1995], Chapman et al [1995] and Eng, Hudson,
Stephansson, Skagius and Wiborgh [1994]. These approaches provide better scope for combining
all the biosphere issues together with the other parts of the global PA for the repository system.

2.2 Relationship to Work in Spain. MICE Project (95)

Complementary to the work of the Biomovs II Reference Biospheres Working Group, at the end
of 1994 ANDRA, ENRESA, IPSN and CIEMAT reached an informal agreement to carry out a
joint study, useful for the consideration of climate changes in the assessment as related to the
biosphere (MICE project).

This study is an attempt to help in providing an answer to the question of climate change raised
either implicitly or explicitly in safety requirements. For instance, the French Basic Safety Rule
[1991] assumes climate changes and demands their consideration in safety assessment.

In this respect, a Spanish study complementary to the one performed within the European Union
EVEREST project was intended to be a state-of-the-art analytical study on environmental
changes: causes, prediction and present application capabilities and implications for the disposal
system and safety evaluations [Recreo et al, 1995].

In the long term perspective of releases from a HLW repository, time scales of interest are in the
range of hundreds of thousand years due to half-live of some radionuclides and their travel times
through the geosphere to reach the surface. With this perspective, the biosphere environment will
probably be subject to changes due to either natural or human induced forces. Excluding long
term geological changes, climatic characteristics are considered to be the major factor influencing
land form, ecological changes, deep and near surface hydrology and, indirectly, radionuclide
transport and distribution.



The purpose of the MICE Project is to define and describe quantitatively reference biosphere
systems, characteristic of different climatic stages over specific regions, in terms of ecosystems
and possible corresponding populations. Among the main points structuring the Biosphere
Analysis Methodology [BIOMOVS II, 1994], the general description of systems (e.g.
natural/seminatural environments, agricultural environments, etc) is considered as one of the
major steps of the Methodology. For the time being, little detailed work has been done except for
present day temperate conditions, and it remains essentially generic. This is the reason why MICE
[1995] is complementary to the work of BIOMOVS II Reference Biosphere Group.

In the herein adopted MICE working procedure, the reference biosphere systems are based on
the knowledge of past events and present systems. Past climatic states are used to provide an idea
of possible major climates along a glacial and interglacial cycle. Present climatic analogues are
then used to define qualitatively and quantitatively the biosphere systems (flora and fauna) and
population groups, that could represent the critical groups in the performance assessment,
consistent with French and Spanish situations.

Biosphere Concepts from the assessment point of view

The wastes under consideration contain fission and activation products, some of them with very
long half-lives. The presence of these long-life radionuclides in the waste implies that attention
should be paid to periods covering several hundred thousand years, or even longer.

Over these timescales, there is a kind of consensus around the idea of dividing the period of time
to consider in the assessment in three stages coinciding with different biosphere concepts
[ENRESA, 1995]; [French Basic Safety Rule, 1991]:

(1) For the first few hundred years, institutional control over the site may be assumed, preventing,
for instance, any human intrusion into the disposal. For that period and up to several thousand
years, the biosphere could be considered as remaining broadly similar to the present day
conditions.

(2) Between some ten of thousand years and one million years, major environmental changes are
expected to occur, including glacial cycling. While it is possible to make general predictions about
environmental conditions, the range of possible biosphere conditions and human behaviours is too
great to allow reliable predictive modelling. This point presents a problem since the time scales
for the migration of radionuclides from the repository to the human environment are such that the
exposure pathways which will be important at the time of release to the biosphere may not be
those which would be important under present day conditions.

(3) After one million years, the scientific basis for any calculation is highly questionable and even
particular qualitative discussions could be difficult to envisaged, such us under what circumstances
the flow of nuclides into the environment might change significantly leading to significant
radiological consequences.

A similar position was taken in IAEA [1994], where it is said, for example: "Beyond about 106

years little credibility can be attached to integrated safety assessments".



The UK National Radiological Protection Board has considered the relevance of different time-
frames to both the quantitative aspects of the calculation of impacts as well as their presentation
[NRPB, 1992]. They suggest dose limits for a period of 100 years after facility closure; and then
risks calculations, using different assumptions (i.e. for critical groups) out to 10,000 years from
those used for the period from 10,000 to one million years. They also suggest that numerical risk
criteria are inappropriate after one million years.

Future climate states are based on current knowledge of past events. Different studies of
mechanisms affecting climate change and effects in climate evolution, like Milankovitch cycle,
have been considered, as well as human origin factors have been discussed [MICE, 1995].
Attributes of long-term (104 - 106 years) future climate can be extrapolated from the quaternary
geological record of global climates within a reasonable degree of confidence.

In the context of long term safety assessment of waste disposals, biosphere characterization
should be based on regional features which are representative of regional climatic conditions.
ENRES A and ANDRA have driven different studies dealing with reconstruction of quaternary
in Spain and France respectively.

From all these studies six main ecosystems likely to exist in France and Spain have been identified:

. Temperate decidious forest (present southern ecosystem in France and northern in Spain)

. Temperate Mediterranean ecosystem (present southern ecosystem in France and almost
all Spain).

. Hot desert

. Boreal forest

. Tundra

. Steppe

Climate changes will affect important biosphere factors and processes, directly and indirectly:
temperature, rainfall, evapotranspiration, erosion, deposition and sedimentation, isostatic and
eustatic changes in sea level, composition and characteristics of soils, flora and fauna,
sorption/desorption, decomposition and mineralization and chemical speciation between others.
Effects at the geosphere-biosphere interface should be considered too.

It seems therefore important to consider biosphere systems under various different possible
climate conditions. Human life conditions and human activities will be affected, to some extent,
by the enviromental conditions. Therefore, it will be appropiate to consider the definition of the
population groups according with those environmental conditions already established.

The critical group concept is under discussion and definition in the context of performance
assessment in some international forums. The definition used under this work is based on: present
knowledge and realistic assumptions (e.g. nutritional requirements and behaviour similar to the
present one for dietary intakes). The critical group is a homogeneous group which individuals are
liable to receive the highest doses due to their locations and habits.

In the context of long-term safety assessment of waste disposals, the characterization of the
biosphere should be based on regional features which are representative of regional climatic



conditions. For example, the French Basic Safety Rule [1991] recommends applying the concept
of typical biospheres representative of the different states which might be obtained in the
biosphere more generally. A typical biosphere consists in any area where surface aquifer can be
affected by the repository, as well as the surface water run-off system, the land liable to be
irrigated or flooded, the plants or animals produce intended for human consumption and the
atmosphere.

The study of each major climate state and the ecosystem likely to be associated with it is made
through reconstruction of past vegetation and use of present analogues: paleoecological studies
and typical contemporary systems occuring in areas of the world with climates similar to those
that might prevail in France or Spain in the future.

Preliminary attention has been paid to: (a) the boreal climate, corresponding to a cold climate
which remains suitable for human activities; (b) the Mediterranean climate, interesting for Spain
and for France, corresponding to a seasonal variation climate with some very dry seasons; and (c)
Bio-industrial and greenhouse systems, where current systems appear potentially suitable for
agricultural production under different climate conditions.

The main purpose of the first phase joint work is to develop a common structure for the biosphere
definitions and descriptions. This common structure is divided into three main parts: (1) biosphere
system information related to a qualitative description of the climate type represented, present
analogues and, derived biotic and abiotic characteristic; (2) critical group definition in terms of
human habits and food consumptions, including some discussions concerning human habits
evolution where possible; (3) "practical" reference biosphere description, with quantification of
the features, events and processes described qualitatively when data were available. See appendix
1 where the Mediterranean system description is summarized.

There are obvious difficulties with predicting the local changes in the environment or the human
way of life; therefore, any calculation of future impact to the humans has to be considered as an
illustration of what the impact would be if the release occurred according to the assumptions
made, rather than a genuine prediction of the radiological consequences. These kinds of
assessment problems lead to the calculation of mere indicators of safety, as discussed by IAEA
[1994].

All these factors have been taken into account in developing the biosphere assessment
methodology for ENRESA.

This will be a major item to be developed in the future ENRESA-CIEMAT agreement, indeed,
there is already a proposal for a working group on the future IAEA project called BIOMASS
(BlOsphere Model Assessment).



3. Outline of Biosphere Assessment Methodology Proposed for ENRESA

In this section, the steps in the Biosphere Assessment Methodology proposed are set out and
described in outline. The key background assumptions are that:

• accurate predictions of dose are not practicable: what is required are indicators of the
potential radiological impact;

• a flexible approach is neccesary to be able to take account of a growing amount of
information about the site or sites of interest and about the nature of releases from the
geosphere, as well as potential developments in regulatory requirements. This means that at
this stage we do not presume any time cut-off, or other specific features of regulations. The
procedure has to be flexible enough to allow such features to be introduced at a later stage.

• nevertheless, according to ENRESA [1995] AGP objectives, special consideration is to be
given to calculation of the radiation dose to individual members of the critical group due to
releases of gradual processes.

Assessment Context ideas, Description of the Biosphere Systems representing the Reference
Biospheres and Conceptual Model Development, are considered as essential features of the
Methodology to address any assessment case. The Methodology scheme is illustrated in Figure
1.

Again Conceptual Model Development, or at least part of it, Parameter Identification and
Mathematical Representation and Apply Assessment Code will be considered for the resolution
of the assessment case posed and, finally a Parametric Data Base and the International Biosphere
FEP List will be considered as important inputs in the whole procedure.

i) establish the assessment context

The assessment context can be thought of as the specification for the biosphere assessment
forming part of the overall Performance Assessment. It should tell the assessor what he has to
calculate and what information he has to take into account in making the calculations. As
indicated in Figure 1, this includes the Assessment Purpose; the Radiological and other Endpoints
to be calculated, and the corresponding Criteria; the Repository Type; the General Site Context;
and information about the Source Term. Different levels of detail may be made available in
different PA cases. However, it is important that a sufficient specification of what is to be assessed
is provided. Section 4 provides an illustration.
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Figure 1.- Illustrative Scheme of the Biosphere Assessment Methodology

ii) define biosphere systems representative of specific conditions

The "Reference Biosphere" concept as discussed here is a response to the requirement to consider
the long-term only under the premise of performance assessment of deep geological disposals.
Indeed, the biosphere systems represented for reference may not have anything to do with the real
systems existing in a specific area in a specific time far into the future. For example, what is now
an agricultural environment at the site may be urban in the future.

The term biophere, here, should be taken as all those areas to which man normally has access,
including soils, the atmosphere and fresh water and marine environments, but not below ground
as in mining activities [SKI/SSI/SKB, 1989]. Many other definitions are possible, but with this
one, it is clear what is really meant by biosphere.

It is our idea that a relevant range of illustrative possibilities (a set of reference biospheres) can
be enough to satisfy the technical requirements of safety analysis. For definition of such reference
biospheres variant climate states and specific regional properties will be considered at the time of
release from the geosphere. Under these main premises the biosphere system will be described
with as much detail as neccesary to allow for a complete image of radionuclide transport,
distribution and accumulation processes in the system.



Section 2 discusses relevant international developments that have to do with the consideration of
the biosphere and human beings in the far future. Although the BIOMOVS II Reference
Biosphere Working Group has considered the definition of the biosphere system as a main step
of the Methodology, the work of the Group has been driven basically towards the development
of methodological aspects, a coherent FEP list, to define the procedure to develop conceptual
models associated with a specific biosphere description and some work about critical group
perspectives. Only some limited ideas of how the general description of the system can be can
be extracted from the Interim Report [BIOMOVS n, 1994]. However in this report, account has
been taken of draft material for the final BIOMOVS n report.

These ideas expresed in terms of different types of environments include:

. natural/seminatural systems, where human influence are considered not significant,

. agricultural systems, where agricultural practices should be considered relevant in the
system to be described,

. urban environments, where a population is located and specific activities or habits should
be considered relevant from the exposition point of view,

. industrial environments, where specific resource exploitation should be considered
relevant,

These ideas indicate an interrelation between the state of human development and the environment
itself. The geosphere-biosphere interface is considered as part of the description of the system
and part of the Assessment Context related to the Source Term description. Apart from this, the
importance of climate and human activity is recognized as main features of the Biosphere System
Representative of Long-Term Conditions.

At present, some progress has been reached in coherence with the specific work that has been
performed in the MICE Project with respect to the definition of the reference biosphere systems.
Biosphere systems representative of the long term should be developed taking into account three
main points: (1) a set of variant climates, (2) type of environment associated with a social context
and, (3) critical group definition. The type of environment and critical group definition might be
defined differently under different climate conditions.

iii) Procedure to develop conceptual models

We consider a conceptual model to be an appropiate 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). Taking the step from a description of the system to
deciding what calculation^) 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.

Section 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]. 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 to be performed.
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Expert judgement is especially relevant in the conceptualization of the biosphere system. A
detailed documental procedure, where the decisions taken and reasoning used are set out, is
essential. However, further iteration in the light of calculations may result in modification of these
decisions. Again, recording of these decisions and the basis for them is very important.

Two particular approaches have been used to do this, the Process Influence Diagram (PID) and
the Rock Engineering System (RES) Interaction Matrix. These are described in detail in the above
references. Mathematically, they come to the same thing. The RES approach has been adopted
here because it is relatively more 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 II, from meetings in Langholmen [BIOMOVSII, 1994b]
and Madrid [BIOMOVS H, 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 a generic international FEP-lisf especially noting what is done with
each FEP, ie included in Matrix and where, or excluded and why. This audit may result in
correction/supplementation of the matrix. (Sometimes this step is called 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, ie and hence result in
a completely different matrix.

According to the assumptions for release from the geosphere into the biosphere, follow the
movement of each radionuclide through each matrix (including the extra ones created as a
result of LDE perturbations), from element to element, and hence identify conceptual models
for transport and accumulation for each radionuclide. The radionuclide starts in the source
term LDE and according to the interactions identified, can go to other LDEs as a result of
processes identified within the description of the intersecting ODEs. It can then go
somewhere else. Each time a location is identified this is potentially an environmental
medium to be included in the conceptual model. The same applies to transfer processes. In
addition, any connection between an LDE and the critical group LDE represents exposure,
ie a dose calculation within the conceptual model. This may need to be done for the
unperturbed matrix and for each perturbation of ODEs.
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The International Biospheric FEPs List1 currently [March 1996] 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. Such development may occur
through extension of BIOMOVS II work of within the ENRESA or other national programme.
Alternatively, we may find that the audit of the generic FEP list against matrix contents and of
element contents against FEPs shows that the generic FEP list is sufficient. (If no extra FEPs are
suggested in the application of the FEP list to a particular assessment, then the generic FEP-list
is presumably adequate as it is).

It is an interesting feature of the methodology that the FEP-List can be developed independently
from the RES matrix. If the Matrix was developed by the same people as the FEP-list then there
could be legitimate criticism that the matrix, and hence the conceptual models, has been designed
in a closed loop of assessment modellers. 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.

iv) Mathematical representation of the conceptual models and software implementation

Biosphere modelling for waste disposal will have to represent sufficiently the transport of
contaminants expressed in terms of distribution and accumulation of such contaminants in the
system. Two main questions have to be answered, How much from the real biosphere system is
to be represented to be enough for an assessment model? and How is it represented in physical
and mathematical terms?.

The first question has been answered with
the procedure to develop conceptual
models. The conceptual model should
sufficiently represent the processes system
to be considered in any specific assessment.

The physical approach adopted to represent
the biosphere system is through a
compartmental model where the biosphere
system is divided in different parts,
assuming within each one complete
homogeneity and instantaneous mixing. I.e.

Sail Layer 3

Sol! layer 2

Soli Layer 1 ]

À

Contaminated Aquifer

Figure 2. Example of a compartmental system

1 Different electronic data bases and corresponding managment software tools have been
developed along the project. The electronic data base contains the present International Biophere
FEPs List version produced along the BIOMOVS II Reference Biosphere Working Group work.
Most recent version of the electronic data base and management software tool is in [Pinedo and
Vega, 1996].
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the number of compartments for sou representation will depend on details of the soil description.
If there are big differences between soil layer properties it may be appropiate to increase the
number of soil compartments in consequence (see figure 2).

Different approaches for biosphere representation could be applied, eg. in a continuous system
representation, but the adequacy of such different approaches can only be justified through
experimental studies. Relevant international projects (VAMP, BIOMOVS I, BIOMOVS II,...)
have supported different working groups for biosphere modelling developments, intercomparison
and validation studies. For example, a BIOMOVS I report [BIOMOVS, 1989] considered the
need to distinguish different areas of soil on the edge of a drying lake. The report suggested that
it is necessary to consider not only the reasonableness of assuming instantaneous mixing (as a
physical process) but also the purpose in calculating the concentration of activity in the lake-side
soil. Since only an annual average dose is required then, in the case of high occupancy, only an
annual average concentration was required. Details of how the human interacts with the medium
will affect decisions on spacial averaging and compartment sizing.

Transport processes between compartments are represented through differential equations where
radioactive transformation (decay) and transfers between compartments are represented as linear
processes. In general:

K21 Cxß) (1)
dt

Where,

C14(t) is the concentration of the radionuclide i in the compartment 1,
S¡(t) is the source term to the compartment 1,
A,¡ is the désintégration constant of radionuclide i,
t is time independent variable,
K12 is the transfer coeficient from compartment 1 to compartment 2, and
K21 is the transfer coeficient from compartment 2 to compartment 1.

Once the system of differential equations is establised a solution method is adopted. The ideal
situation is to find analytical solutions for the equations, but in general a numerical approach is
required due the difficulty of reaching this ideal solution.

At the begining of 1994 CIEMAT/EVIA and Intera Information Technologies (now known as
QuantiSci Ltd.) agreed to develop an assessment code where any processes system, expressed in
terms of a compartimentai model, could be represented and solved in an easy and quick way. An
"Object Oriented Methodology" has been applied, giving advantages in the implementation of new
designs and improvements of the codes.

During 1994 and 1995 the assessment code has been developed in four consecutive phases, in
which the complexity and capabilities have been increased to achieve the final version:



Build 1 : Objects library (OOBIO), user interface through files,
Build 2: AMBER Prototype with graphic user interface,
Build 3: capabilities of probabilistic calculations,
Build 4: final version.

A set of different object classes, OOBIO library, is the basic tool to construct biosphere models.
The different classes defined are:

* Source Term: represents an external source of radionuclides getting into the biosphere
model compartments,

* Contaminant: material that are considered to be transported and accumulated through
the compartmental model. In our case, these contaminants are radionuclides but other
types of contaminants can be represented.

* Compartments: physical entities into which the biosphere is subdivided, through which
the contaminants migrate and accumulate according to their specific properties.

* Transfer processes: processes resulting in movement of contaminants from one
compartment to another.

* Decay: Radioactive decay, including branching and in-growth.

Each class is defined by its own generic characteristics and way of behaviour. Once a type of class
is chosen the generic characteristics are specifically established for each case.

Extended documentation for "Model Design Requirements", "Objects Class Library" and "User
Guide" is given in [Brice, (1994)], [Brice, Gardner and Williams, (1994)] and [Brice and
Mortimer, (1996)] respectively.

Solution Methods

At present two different methods have been implemented in AMBER-OOBIO: (1) the numerical
inversion of Laplace transforms using the Talbot Method, for solving linear equations and, (2) a
numerical approach solution. One of these methods is automatically selected to produce results
in the best way.

Great experience exists in the modelling of transport processes in different media with both
approaches. AMBER uses the Talbot (Laplace-transform approach) when the equations are Linear
and piece-wise constant in time. When more general time-dependence of transfer rates, or source
terms, is present the numerical solver is selected. The numerical solver is also capable of tackling
non-linear problems (e.g. where transfer rates depend on concentrations) but Amber does not
currently support these. The user can force the use of the numerical solver even for simple cases,
although it will generally be slower.
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The Talbot approach has been applied very widely to linear time-invariant problems, including
geosphere and biosphere transport models. It produces highly accurate results very efficiently.
The numerical approach that is used in Amber is a variable-order Gear's method with automatic
error control. This type of approach is widely used in numerical codes for the solution of
differential equations, particular in finite-element and finite-difference codes. It is selected because
of its ability to handle so-called stiff problems, where a wide range of time-scales are involved.
The particular solver (known as SPADE) used by Amber is generalised to handle algebraic
equations in addition to the differential equations, enabling the expressions entered for transfer
rates to be passed directly to the solver.

The solution methods and the correct operation of Amber-OOBIO has been already tested with
several cases by QuantiSci Ltd. and by IMA/CIEMAT [Agüero and Robles, 1995], [Agüero,
1995a] and [Agüero, 1995b].

v) Obtain Data

Two main groups of data should be available to be applied in the models, one set will come from
the characterization of the site, normally described in the Case Specifications, and another data
set corresponding to specific transfer processes that will depend on the model design
requeriments. Data corresponding to the model requeriments are usually generic bibliography data
obtained for different or wider purposes that may not correspond to the case in question. This will
affect confidence in the results.

This problem, unavailability of site specific data, is well known and is usually treated in the
performance assessments considering a range of input parameters values that are combined to
obtain a range of output result values. Site specific data gathering exercises may be recommended
following identification of data weaknesses during early phases of calculations.

vi) Apply Assessment Code.

There are different ambits and purposes for using simulation codes, ranging from quality
verification of the models using specific experiences to comparison with other models' results,
to help in the selection of processes and parameters more relevant in a specific case, and to final
assessment calculation for lisensing.

The assessment codes have a clear main objective: to provide end points results expresed in terms
of concentration , exposure or risk to the human or to the environment. The characteristics by
which a simulation code could be considered as an assessment code is not clearly established,
especially when we talk about long-term assessment codes where a total validation process can
not be considered practical. Only the systematic application of the code for the solution of
different situations (more or less realistic) could build confidence in the code results, providing,
among other things, an idea of the capabilities and limitations of the code when adapted to
different situations.
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Some experience has been reached in IMA with the application, in the past, of the SACO Code
[Little and Torres et aL, 1996] to different situations and disposal concepts before Amber-OOBIO
was available.

Amber-OOBIO has a main property with respect to other assessment codes: the system model
design implemented in the code can be, and normally is, different for each new situation. The
application capability of Amber-OOBIO covers a wide range of possibilities.

Amber-OOBIO has been used, with good agreement between participants results in the
deterministic case of the Complementary Studies in BIOMOVS II[Simón, 1996a] and, it is being
used, at present, in the same Case for the Stochastic Results for Iodine-129 [Simón, 1996b] and
the Neptunium-237 Chain [Simón, 1996c]. Specific processes and models are been used with
Amber-OOBIO in another BIOMOVS II Group, called Lysimeters studies, where the transport
of radionuclides from a contaminated aquifer to the surface soil through subsoil layers is
considered. The IMA/CIEMAT model approach could be seen in [Agüero, 1996].

16



4. Illustration of the Methodology

In this chapter we go through the Methodology illustrating what should be done to complete the
whole methodological procedure outlined in Chapter 3. Whenever possible a practical application
example is included to clarify the method and to clearly show the applicability and functionality
of the software tools developed within this Project.

i) Assessment Context

To illustrate what could be included in the assessment context, consider the following:

Purpose: To demonstrate compliance with regulatory requirements concerning individual doses
to humans for post-closure radiological protection within the context of an overall repository PA
taking place at the initial stages of a repository development programme. (Alternatives might be
related to criteria development or to evaluating viability of a disposal concept before regulatory
requirements have been set out. It is a general suggestion that regulatory development and PA
development should occur in parallel with the repository development programme.)

If regulatios are both detailed and prescriptive at an early stage then this may result in
misdirection of resources from real safety issues.

Criteria and Assessment Endpoints: "Individual doses to members of critical groups should be
less than 1 mSv per year". The assessment has therefore to assess annual individual doses to such
groups. (The definition of critical group is not a trivial issue. Different interpretations apply in
different countries and in different assessment situations. For detailed discussion, see review in
the draft appendix 3 of the final Reference Biospheres Technical Report of BIOMOVS II,
distributed at the October 1995 BIOMOVS II Workshop. See also Smith and Kessler [1996].
The assessment has to adopt regulatory guidance, if it exists, or justify its own definition. The
latter may only be possible through re-iteration of the model development process. Note that
many other endpoints could be considered, such as: collective radiological impacts, risks instead
of doses, impacts on non human biota, and radionuclide fluxes and concentrations in the
biosphere. The calculation of these other endpoints would require differently constructed
biosphere models.)

Repository type: Deep geological repository for spent fuel from nuclear power plants. (Note
that spent fuel contains 1-129, a very long-lived geologically mobile radionuclide, whereas vitrified
HLW has very little 1-129. These waste source term differences can have implications at the stage
of biosphere model development.)

General site context: Inland. (The implication is that release to the biosphere will not be to the
marine environment, with obvious implications for the biosphere model. An obvious alternative
is a coastal site at which terrestrial and marine releases are possible. Before the site selection stage
in the repository development program little more information could be available. However, at
the stage of seeking permission to construct, it is likely that far more contextual information
would be available.)
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Source Term: This is taken to mean the source term of radionuclides to the biosphere from the
geosphere. As an example, the assessment context could be limited to long delayed gradual
releases of radionuclides in groundwater arising due to natural processes. (The nature of this
source term will depend on the other components of the PA, in particular, the scenarios
considered for radionuclide release and transport through the geosphere. Apart from natural
gradual release in groundwater, solid and gaseous releases may need to be considered as well as
the effects on human disturbance of the geosphere. Ideally, the other PA work should provide as
input information to the biosphere model: the nature of the geosphere-biosphere interface, to
ensure consistent modelling boundary conditions; information on the radionuclide release
mechanism, eg dispersive or advective release; the timescale of release; and the amounts of the
particular radionuclides involved. At early stages in a particular repository project, much of this
information can be only loosely deduced from previous assessment experience. At later stages a
more clearly defined source term should be available, permitted more pertinent and confident
biosphere modelling.)

ii) Define Biosphere Systems Representative of Specific Conditions

A complete description and characterization of the site and surrounding area should be provided
here. Considering the long-term perspective, this is not an easy task as was explained above.

As a sample of the work developed in this area to produce Reference Biospheres as a set of
illustrative possibilities, in Appendix 1 is included a summary of the Description of the
Mediterranean system. To produce a general description of the biosphere system corresponding
to the Mediterranean climate, different present climatic analogues has been reviewed and
considered. The description includes general abiotic and biotic properties and detail abiotic and
biotic characteristics through data values. The critical group definition is considered too in the
same way under specific assumptions.

Apart from this and for a practical biosphere assessment case, the Specifications of the
Complementary Studies Case in BIOMOVS II [Complementary Studies, 1994] are also
summarized in Appendix 1. A valley in central Switzerland is described in detail to perform an
intercomparison of model assessment results in an international context.

iii) Procedure to Develop Conceptual Models

To illustrate the general description given in Section 3 (iii), consider release of Np-237 into LDE
(1.1) of figure 3. The RES matrix suggests that contamination in the groundwater source term
could be transferred directly (1.3) to a surface water body (3.3). From here, the processes of
sedimentation, erosion, diffusion and advection (3.4) could carry the Np-237 into sediments (4.4).
Sediment resuspension (4.3) could result in activity be returned to the surface water body. Use
of the surface water body as a water supply (3.9) could result in uptake by animals (9.9).
Consumption of animal products (9.11) would result in radiation exposure of the critical group
(11.11).
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Figure 3.- Biosphere generic system matrix developed as an example to apply the RES
Method [BIOMOVS II, 1995c]

This procedure provides the basis for what to include in the conceptual model. Of course, many
such pathways like the one deduced above could be constructed for the whole biosphere
conceptual model to be evaluated for Np-237.

The biosphere matrix representation (figure 3) and its associated documentation has been
performed with "MAT_APL1" designed and developed with ToolBook software development
tool for this specific application [Pinedo and Vega, 1995].

iv) Mathematical Representation of the Conceptual Models

Figure 4 illustrates the compartmental model design for the Complementary Studies Neptunium-
237 Chain Case, performed with Amber-OOBIO. The conceptual design is completed with the
mathematical definition of the transfer processes, represented through arrows in the graph, and
with the inclusion of paramaters definition and data values. For this case the corresponding
transfer processes considered are represented through the equations included in Appendix 2.
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Figure 4.- Compartimentai Model for the Complementary Studies Np-237 Chain Case

Mathematical representations and parameter definitions with their respective values, can be
reported directly from the Amber-OOBIO case applications.

v) Obtain Data

In the illustration example all parameters values needed for the model design and case solution
are supplied by the Complementary Studies Case Specification [Complementary Studies, 1994].
These data are a mixture of site specific and generic data. Again the applicability of the latter
values is questionable.

Specific effort including some experimental work will be promoted from future ENRESA project
to improve knowlege of different parameters values relevant to the Spanish conditions.
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vi) Apply Assessment Code

The Np-237 chain results produced with Amber-OOBIO for this, specific case (see figure 5)
represent the partial contributions to the total effective dose from all radionuclides. These results
are going to be used in comparison with participants' results as the main purpose of the
Complementary Studies exercise.
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Figure 5.- Total Dose (Sv/y) Results for Np-237 Chain in the Complementary Studies Case

The results in Figure 5 include contributions to dose due to in-growth of radioactive daughters
of Np-237 in the biosphere.

Due to the lack of Spanish site specific exercises, any other national site exercise in an
international forum will be appropiate to gain experience in the application of assessment codes
and interpretation of results e.g: in terms of regulatory requirements or in terms of presentation
of results to different audiences.
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5. Conclusions and Implications for "Overall" Assessment

The Methodology outlined in this document reflects and contains partial proposals for
resolving different questions arised over the last few years, in national programmes and
international organizations and forums, about biosphere assessments and safety criteria.

• From the main text: It is becoming clear that the assumptions for critical groups, the
justification for particular conceptual models and the detailed aspects of the criteria
which the assessment addresses, are all very much interlinked. It is increasingly
recognized that performance assessment, criteria and regulatory development and the
steps in a repository development programme should all proceed in parallel.

• From IAEA [1994] and from our point of view: The assessed long term consequences
of disposal systems in terms of risk and dose can only be considered as indicators of
safety.

• The analysis of a set of biosphere systems for each site will give us valid reference results
in terms of "indicators of safety". Those biosphere systems called "Reference Biospheres"
are based on scientific knowledge of current and past events applicable to the site and
region of interest for future uses and practices in the surrounding land area.

Experience highlights the importance of being systematic in each step of the Methodology
providing careful documentation of each decision taken.

Experience also highlights the need to develop a coherent approach to handling uncertainties
and the degree of pessimism adopted in the overall assessment. Allowance should be made
for iteraction of the assessment process as repository development proceeds and regulatory
requirements evolve.

International collaboration provides a good mechanism for developing credible consensus
on and solutions to general problems of conceptual model development, process
representation and lack of data. Because consensus on regulatory development has not yet
been found, such collaboration needs to continue. Collaboration also provides opportunities
to resolve site specific assessment questions to the extent that the "reference biosphere"
assumptions include use of information from other sites for which current conditions are
analogous to the future conditions at the site in question.
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APPENDIX 1:

THE MEDITERRANEAN AND COMPLEMENTARY STUDIES
SYSTEM DESCRIPTIONS





The Mediterranean System Description

The biosphere system description

The system description are based on "present analogues" as described below:

This type of climate is strongly marked in its climatic characteristics, these being duplicated with
notable similarity in the five regions where it occurs: the borderlands of the Mediterranean Sea,
central and coastal southern California, central Chile, the southern tip of south Africa, and parts
of southern Australia. According to Koppen, it is characteristic of only 1.7 per cent of the earth's
land area; yet in spite of its limited extent it is one of the most distinctive and best-known types.
It is because the Mediterranean climate is so extensively developed within the Mediterranean
Basin that the climatic type very commonly bears the name of that region [Trewartha,1968]

Abiotic characteristics:

i) Climatic characteristics

The mediterranean or dry-summer subtropical climate is characterized by three principal features:

- a concentration of a modest amount of precipitation in the winter season, and summers
being nearly or completely dry.

- warm to hot summers and mild winters.

ii) Edaphic characteristics

There appears to be no single dominant mature soil type characteristic of the Mediterranean realm
[Trewartha, 1968]. This probably results from the unusual variety of surface configuration,
geological formations, and vegetation conditions which prevail there. Structural or erosional
plains are of rare occurrence, so that there are few flattish areas of hard rock where mature
residuals soils could develop.

Based on data of pleistocenic paleosoils [ITGE, 1993], the most characteristic soils are the
fersiallitiques brown and red, sometimes with a calcareous crust included.

Hi) Hydrological characteristics

A general condition of this climate is the alternation of a dry season (summers) with a wet season
(winter or spring), that gives the water courses a seasonal regime. Mechanical erosion is, in
average, much higher than the chemical erosion.



Biotic characteristics

The Mediterranean agriculture is based on a combination of some species of cereals (wheat and
barley) and legumes (bntils, peas and broad beans), whose exploitation is related to some animals
(sheep, goats, cattle and pigs). Grapevines and olives are also typical.

Mediterranean woodland is predominantly a mixed forest of low, or even stunted, trees and
woody shrubs. Tall trees are rare. Where climatic and soil conditions are most favorable, the
virgin forest is composed of low, widely spaced trees with massive trunks and gnarled branches.
Leaves, too, which are small, stiff, thick, and leathery, with hard, shiny surfaces, are designed to
prevent rapid losses of water2. The olive tree (Olea europaea) with its massive trunk, gnarled
branches, thick fissured bark, and small, stiff, leathery leaves is very representative of
Mediterranean sclerophyll woodland in regions of hot summers. Between the trees the ground
is completely or partially covered by a pale, dusty, bush vegetation, which very much resembles
the soil in color [Desmet, Sinnaeve, 1992].

The critical group definition

The definition of the critical groups used in this work is based on:

- present knowledge
- realistic assumptions
- dietary intake is defined regarding nutritional group of individuals which are liable to receive

the highest doses due to their locations and habits.

The dietary intake was taken from some reviews of the diet in the Mediterranean area. For the
critical group these rates of intake were taken as if all the food were contaminated. This can result
in a pessimistic case as it is assumed that the critical group receives the highest doses. Human
food consumption are given in Table ALL

2It is this leaf characteristic which has given the Mediterranean woodland the name sclerophyll
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Parameters value

Grain
rice
other cereals

Milk and Dairy Products

drinking milk

other milk

milk products

Eggs

Qü

Potatoes

Vegetables

Pulses

Fruit

Citrus

Grapes

Olives

Other fruits

Meat

Fish

Water

Wine

Beer

Units

kg/y

i/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

kg/y

i/y

i/y

l/y

13.5
109.6

110.2

4.8

13.6

16.6

32.8

85.6

95.9

8.4

32.5

5.8

3.3

77.0

75.8

25.8

730

70.2

103.6

Table ALL- Annual Individual Consumption Rates in the European Community in the
Mediterranean Countries. [TARRAS, 1992]
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Practical Reference Biosphere Description.

The biosphere system is an inland terrestrial one, that is a river valley which supports a variety of
agricultural practices.

* Climatic characteristics

The mean annual temperature is 18 C with high monthly mean values from July to September. The
mean annual precipitation is 614 mm with extreme values of 400 and 1900 mm (the irregularity
index is 4.75). From May to August the sparse rainfall evaporates almost totally. The effective
evapotranspiration ranges between 362 mm and 497 mm (59% and 81%) with a mean of 442 mm
(72%). The surface runoff quantities and the percentage show a range between 117 to 270 mm
(19-44%) [Gössele et al., 1994].

* Edaphic characteristics

The area is a narrow pliocenic plain with clays and sands above which cyclic continental deposits
of red clays have been developed during the Pleistocene.

The river basin is limited by two mountain ranges, on the North and South; between them, the
valley is formed by tertiary materials with low permeability covered by alluvial terraces which
form aquifers.

In the case of the river ten terrace levels have been identified. The tenth level is the most recent
one and it is hydraulicaly connected to the river, whose depth varies around 3m. The lithology of
the terraces is formed preferentially by stones in a sandy-clay matrix.

The soil developed in the region is a red son (Food and Agricultural Organization from the United
Nations (FAO): eutric fluvisol). It contains a fairly high proportion of limestones. The upper
horizons show the humus content low to moderate in amount and decreases with depth.

* Hydrological characteristics

The mean annual water flow of the river is 1.1 109 m3/y. The river recharge comes mainly from
the aquifers and there appears to be enough water for irrigation. The suspended solids load can
vary during the year between 2 and 3 ppm.

Groundwater flows in the region are governed by infiltration of the rainfall over the permeable
surface. The other input, only during the irrigation period, is the return water from irrigated lands.
This mechanism is not relevant as it is very low. The water outputs occur as springs and discharge
to another river.

The Quaternary alluvial aquifer is formed by a surface of lime and clay, which reaches 3 m depth,
and a base of gravels and clean sand, which form the real aquifer.
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The river water can be used for irrigation for the local crops as well as for the consumption by
humans and livestock.

• Biotic characteristics

Flora and fauna

The land is used for the production of different kinds of crops. The actual productions are mainly
green vegetables, grain, root vegetables, fruits and pasture for animal feed. The production yields
and data for animal consumption rates are given in [Simon and Agüero, 1996].
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Complementary Studies Biosphere System

The Complementary Studies biosphere focuses on an inland biosphere featuring a river section
associated with agricultural land. It is representative of a valley in central Switzerland which
supports a variety of agricultural practices.

1. General Site Description.

1.1 Site Topography and Geology.

The valley was formed by tectonic and glacial process and the underlying rock formations
comprise a porous formation of limestomes and marls that are for the most part saturated. The
valley bottom river runs south-north, broadening over alluvial deposits as it discharges to a large
lake some 5 km from the release point where a delta was formed since the last glacial period.

The study region has a downstream length of 2 km and a width of 500 m and the valley bottom
is made up of material that has eroded from the valley sides and from upstream. Soils in the region
thus contain a farily high proportion of CaCO3. In the vicinity of the valley-bottom river the slopes
are fairly gentle but within a few hundred metres of the river bank the slopes become much
steeper.

The quaternary sediments which form the valley floor are about 200 m thick. In the model region
the regoinal groundwater is able to flow in the upper 15 m. Groundwater flows in the region are
governed by infiltration in the upper reaches of the valley, with contributions from the valley sides
in the model area.

1.2. Soil structure and Land Usage.

The upper son horizons and the river bed sediments comprise sand and silt with a high proportion
of carbonate and contain 5-10 % of organic material. They have a spongy texture and crumble
easily when dry. The silt and humus contents decrease with depth as the limestone content
increases. The sub-surface aquifer in the region is formed of quaternary sediments, with a coarse
grained sandy texture. Suspended sediment in the river is composed mainly of sand and silt. The
level of the aquifer is seasonally variable and this contributes to the variation of the oxidation state
in the deeper soil horizon, which is periodically saturated. All the other water systems in the
biosphere are oxidising, with pH in the range 5-8.

The valley bottom river is the major surface water feature. Along its length it is joined by a
number of smaller tributaries that flow down from the valley sides. These surface waters can be
used as sources of irrigation water for the local agriculture as well as for the direct water
consumption by humans and livestock. The aquifer in the valley bottom is also capable of
supporting wells for domestic and agricultural purposes.
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The Complementary Studies Biosphere is predominantly an agricultural region. Small farms
extended from the valley bottom on the shallow slopes of the river banks up the hillsides, the
upper slopes of which are wooded (and are not included in the study area). In the valley bottom
meadow land and pasture predominate, but other forms of arable cultivation are possible and have
been practised in the past 50 years. This includes the possibility of grain and green and root
vegetables being grown. It is assumed that the farms in the region are self-sufficient, and no
external foodstuffs are consumed by the hypothetical habitants.

1.3. Region specific parameters.

The major climate related and the geomorphological factors in the region as well as the human
activities that can affect the contaminant transport and additional information on the precipitation
and temperature at the site are given in [Complementary Studies, 1994].

1.4. Agricultural Practices and Human Behaviour Data.

The dataset given implicitly assumes a closed agricultural system with human nutritional
requirements based on an annual intake of 4.67E6 kJ (i.e. 3000 kcal per day). According to the
dietary preferences the area required to supply the needs of each adult human would be 2.7E3 m2.
The area is therefore capable of supporting a population of around 375 adults.

The data provided can be classified into four types:

- measured site data: information directly applicable to the model of the region has obtained
in the course of site investigations;

- interpreted site data: information from site measurements have been interpreted to fit the
needs of a particular model;

- generic data: for which no direct site information is available, but which are associated with
known FEPs applicable to the site.
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Parameters value

Annual adult food energy intake

Annual adult food liquid intake

Annual adult breathing rate

Annual consumption of eggs

Annual consumption of milk

Annual drinking water
consumption

Annual consumption of freshwater
fish

Annual consumption of grain

Annual consumption of root
vegetables

Annual consumption of green
vegetables

Annual consumption of meat

Airbone dust loading under normal
residential conditions

Airbone dust loading during
occupational activities

Occupancy factor for farming
activities for high airbone dust

concentrations

Units

kJy-1

m3 y1

m3 y l

egg y'1

m3 y"

m3 y"1

kgy-1

kgy1

kgy1

kgy1

kgy1

kgm-3

kgirr3

yy-»

Value

4.67E6

1.06

8.4E3

200

0.33

0.73

2

148

235

62.2

94.9

5.0E-8

l.E-5

0.034

Table A1.2.- Individual Human Habits and Food Consumptions.
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APPENDIX 2:

MATHEMATICAL REPRESENTATION FOR THE
COMPLEMENTARY STUDIES CASE USING AMBER/OOBIO CODE





The following are set out below for the Np-237 Chain Case used as example in the main text, in
Chapter 4:

(a) mathematical definitions of transfer processes,

(b) equations describing concentrations in media,

(c) equations relating concentration in media to dose.

Table A2.1 provides the parameter definitions.

(a) mathematical definitions of transfer processes:

Groundwater flow:
(F_UL*(1-FF_LW)-CAP_R)/(V_AQUIFER*EPS_A*R_AQU_CHAIN*F_THETA_A)

Discharge groundwater:
(F_UL*FF_LW)/(V_AQUIFER*R_AQU_CHAIN*EPS_A*F_THETA_A)

Discharge:
(F_PW/(D_W*L_W*W_W)

Resuspension:
(RESUS_RATE)

Capillary rise:
(CAP_R)/(D_A*EPS_A*F_THETA_A*R_AQU_CHAIN)

Capillary rise + Bioturbation:
(CAP_R)/(D_D*EPS_D*F_THETA_D*R_AQU_CHAIN) + W_D

Percolation:
(RMNFALL+IRRITOT-ETP)/(D_D*EPS_D*F_THETA_D*R_DEP_CHAIN)

Infiltration + bioturbation:
(RAINFALL+IRRI_TOT-ETP)/(R_TOP_CHAIN* D_T*EPS_T*F_THETA_T) + W_D

Dredging:
(SL*K_S_CHAIN/(D_S*EPS_S*F_THETA_S*R_SED_CHAIN)

Irrigation:
(IRRI_TOT*AF)/(D_W*W_W*L_W)

Erosion:
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(ME*K_T_CHAIN)/(EPS_T*F_THETA_T*D_T*R_TOP_CHAIN)

Sedimentation:
(K_W_CHMN*EF_NET_SED)/(D_W*L_W*W_W)

Discharge:
(F_UL*FF_LW)/(R_SED_CHAIN*D_S*AS*EPS_S*F_THETA_S)

The code produces the outputs in terms of "Amount" of each radionuclide in each compartment,

(b) equations describing concentrations in media:

Concentration in grain:

From river:
C_CERE_RW=(Amount*INT_G*IRRI_TOT)/(Y_G:i:LGRAIN*D_W*L_W*W_W*BQAM

OLI)
From Top Soil:

C_CERE_TS= (Amount* (S_G+K_G_CHAIN))/(RHO_GRAIN*AF*D_T*BQAMOLI)

Concentration in root vegetables:
From river water:
C_ROOT_RW =

(Amount*INT_RV*IRRI_TOT)/(Y_RV*LRV*D_W*L_W:;sW_W*BQAMOLI)
From top soil:

C_ROOT_TS = (Amount*K_RV_CHAIN)/(RHO_GRAIN*AF*D_T*BQAMOLI)

Concentration in green vegetables:
From river water:
C_VEG_RW =

(Amount*INT_GV*IRRI_TOT)/(Y_GV*LGV*D_W*L_W*W_W*BQAMOLI)
From top soil:

C_VEG_TS = (Amount*(S_GV+K_GV_CHAIN))/(RHO_GRAIN*AF*D_T*BQAMOLI)

Concentration in eggs:
From grain poultry intake:

C_EGG_GR = C_GRAIN*I_GH*K_EGG_CHAIN
From water poultry intake:

C_EGG_WAT = (Amount*I_WH*K_EGG_CHAIN)/(D_W*L_W*W_W*BQAMOLI)

Concentration in fish:
From river water:

C_FISH = (Amount!i!K_FF_CHArN)/(D_W*L_W*W_W*BQAMOLI)
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Concentration in meat:
From river water:
C_MEAT_RW =

(Amount*(INT_P*IRRI_TOT!i!I_CP/(Y_P*LP)+I_WC)*K_MEAT_CHAIN)/(D_W:i:L_W*
W_W*BQAMOLI)

From top soil:
C_MEAT_TS =

(Amount*((S_CP+K_P_CHAIN)H!I_PC+I_SC_MT)i!K_MEAT_CHAIN)/(RHO_GRAIN*AF
*D_T*BQAMOLI)

Concentration in milk:
From river water:
C_MBLK_RW =

(Amount*(INT_P*IRRI_TOT:i:I_CP_D/(Y_P*LP)+I_WC_MK)*K_MILK_CHAIN)/(D_W*
L_W*W_W*BQAMOLI)

From top soil:
C_MILK_TS =

(Amount* ((S_CP+K_P_CHAIN)*I_PC_MK+I_SC_MK) * K_MILK_CHAIN)/(RBO_GRAIN
+AF*D_T*BQAMOLI)

(c) equations relating concentration in media to dose:

Effective dose from eggs ingestion:
D_EGG = C_EGG*I_EGG*D_ING

Effective dose from fish ingestion:
D_FISH = C_FISH*I_FF*DJNG

Effective dose from grain ingestion:
D_GRAIN = C_GRAIN*I_G:is(l-F_G):;:D_ING

Effective dose from green vegetables ingestion:
D_GV = C_VEG*I_GV*(1-F_GV)*D_ING

Effective dose from meat ingestion:
D_MEAT = C_MEAT*I_MEAT*D_ING

Effective dose from milk ingestion:
D MILK = C MILK*I MILK*D ING
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Effective dose from root vegetables ingestion:
D_ROOT = C_ROOT*I_RV*(1-F_RV)*D_ING

Effective dose from water ingestion:
From river water:

D_WAT = (Amount*I_W*nLTER*D_ING)/(D_W*L_W*W_W*BQAMOLI)

PARAMETER

Amount
AF
AS
BQAMOLI
CAP_R
D_A
D_D
D_ING
D_S
D_T
D_W
EF_NET_SED
EPS_A
EPS_D
EPS_S
EPS_T
EPS_W
ETP
FF_LW
FILTER
F_G
F_GV
F_PW
F_RV
F_THETA_A
F_THETA_D
F_THETA_S
F_THETA_T
F_UL
INT_G
INT_GV
INT_P
INT_RV
IRRI_TOT
I CP B

DESCRIPTION

"(mol)"
"Area of the farmland (m2)"
"Area of sediments (m2)"
"Bq to mol for the chain"
"Capillary rise (m/y)"
"Depth of the aquifer (m)"
"Depth of deep soil (m)"
"Dose conversion factor for ingestion (Sv/Bq)"
"Sediment depth (m)"
"Depth of top soil (m)"
"Depth of the river (m)"
"Effective net sedimentation rate (kg/y)"
"Aquifer porosity (-)"
"Deep soil porosity (-)"
"Sediment porosity (-)"
"Top soil porosity (-)"
"Porosity in river water (-)"
"Evapotranspiration (m/y)"
"Fraction mount of exfiltration from aquifer to river (-)"
"Fraction of thrinking water filtered (-)"
"Fraction retained after food processing for grain (-)"
"Fraction retained on green veg. after food processing (-)"
"Volumetric flow of water in river (m3/y)"
"Fraction retained after food processing for root veg. (-)"
"Volumetric moisture content in the aquifer (-)"
"Volumetric moisture content of the deep soil (-)"
"Volumetric moisture content in sediments (-)"
"Volumetric moisture content of the top soil"
"Water flux in the aquifer (m3/y)"
"Grain interception factor (-)"
"Intercepción factor for green vegetables (-)"
"Intercepción factor for pasture (-)"
"Intercepción factor for root vegetables (-)"
"Total irrigation rate (m/y)"
"Pasture consumption by beef cattle (kg/day)"
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I_CP_D
I_EGG
I_FF
I_G
I_GH
I_GV
I_MEAT
I_MILK
I_PC
I_PC_MK
I_RV
I_SC_MT
I_SC_MK
I_W
I_WC
I_WC_MK
I_WH
K_EGG_CHAIN
K_FF_CHAIN
K_GV_CHAIN
K_G_CHAIN
K_MEAT_CHAIN
K_MILK_CHAIN
K_P_CHAIN
K_RV_CHAIN
K_S_CHAIN
K_T_CHAIN
K_W_CHAIN
LGRAIN
LGV
LP
LRV
L_W
ME
RAINFALL
RESUS_RATE
RHO_GRAIN
R_AQU_CHAIN
R_DEP_CHAIN
R_SED_CHAIN
R_TOP_CHAIN
R_WAT_CHAIN
SL
S_CP

S G

"Pasture consumption of dairy cattle (kg/day)"
"Annual consumption of eggs (eggs/y)"
"Annual consumption of fish (kg/y)"
"Annual consumption of grain (kg/y)"
"Daily grain consumption by poultry (kg/d)"
"Annual consumption of green vegetables (kg/y)"
"Annual consumption of meat (kg/y)"
"Annual consumption of milk (m3/y)"
"Daily pasture consumption by beef cattle (kg/d)"
"Daily pasture consumption by dairy cattle (kg/d)"
"Annual consumption of root vegetables (kg/y)"
"Soil ingestion by beef cattle (kg dry/d)"
"Soil ingestion by dairy cattle (kg d/d)"
"Annual consumption of water (m3/y)"
"Daily water consumption by beef cattle (m3/d)"
"Daily water consumption by beef cattle (m3/d)"
"Daily water consumption by poultry (m3/d)"
"Distribution factor for egg (Bq/egg per Bq/d)"
"Accumul. factor for fish for the members of the chain (mVkg)"
"Green vegetables concentration factor for the chain (-)"
"Grain concentration factor for the chain (-)"
"Distribution factor for meat for the chain (d/kg)"
"Distribution factor for milk for the chain (d/kg)"
"Pasture concentration factor for the chain (-)"
"Root veg. concentration factor for the chain (-)"
"Distribution coefficient in sediment for the chain (mVkg)"
"Distribution coefficient in top soil for the chain (mVkg)"
"Distribution coefficient in river water for the chain (mVkg)"
"Weathering + harvesting for grain (y"1)"
"Weathering + harvesting for green vegetables (y"1)"
"Weathering + harvesting for pasture (y"1)"
"Weathering+harvesting+translocation for root veget. (y"1)"
"Length of the river (m)"
"Erosion rate (kg/m^)"
"Rainfall rate (m/y)"
"Transfer rate: Bed sediment to water column (y1)"
"Grain density (kg/m3)"
"Retardation factor for the aquifer for the chain (-)"
"Retardation factor for deep soil for the chain (-)"
"Retardation factor for sediments for the chain (-)"
"Retardation factor for top soil for the chain (-)"
"Retardation factor for the river water for the chain (-)"
"Dredging rate (kg/m^)"
"Fraction of soil consumption by the cattle due to the ingestion of
pasture (-)"
"Fractional soil contamination due to inadvert ingestion for
consumption of grain (-)"
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S_GV

S_RV
V_AQUIFER
W_D
W_W
Y_G
Y_GV
Y_P
Y_RV
C_CERE_RW
C_CERE_TS
C_EGG
C_EGG_GR
C_EGG_WAT
C_FISH
C_GRAIN
C_MEAT
C_MEAT_RW
C_MEAT_TS
C_MILK
C_MILK_RW
C_MILK_TS
C_ROOT
C_ROOT_RW
C_ROOT_TS
C_VEG
C_VEG_RW
C_VEG_TS
D_EGG
D_FISH
D_GRAIN
D_GV
D_MEAT
D_MILK
D_ROOT
D WAT

"Fractional soil contamination factor for inadvert. ingestion of
green vegetables (-)"
"Fractional soil contamination of root vegetables (-)"
"Aquifer volume, (m3)"
"Active biomass transfer rate (y"1)"
"Width of the river (m)"
"Crop yield for grain (kg/m2)"

2\n"Crop yield for green vegetables (kg/m2)
2)""Crop yield for pasture (kg/m2)

"Crop yield for root vegetables (kg/m2)"
"Concentration in grain from river water (Bq/kg)"
"Concentration in grain from top soil (Bq/kg)"
"Eggs concentration (Bq)"
"Concentration in eggs from grain intake (Bq/egg)"
"Concentration in eggs from water intake (Bq/egg)"
"Concentration in fish (Bq/kg)"
"Grain concentration (Bq/kg)"
"Meat concentration (Bq/kg)"
"Concentration in meat from river water (Bq/kg)"
"Concentration in meat from top soil (Bq/kg)"
"Milk concentration (Bq/1)"
"Concentration in milk from river water (Bq/1)"
"Concentration in milk from top soil (Bq/1)"
"Root concentration (Bq/kg)"
"Concentration in roots from river water (Bq/kg)"
"Concentration in roots from top soil (Bq/kg)"
"Concentration in green vegetables (Bq/kg)"
"Concentration in green vegetables from river water (Bq/kg)"
"Concentration in green vegetables from top soil (Bq/kg)"
"Effective dose by eggs ingestion (Sv/y)"
"Effective dose by fish ingestion (Sv/y)"
"Effective dose by grain ingestion (Sv/y)"
"Effective dose by green veg. ingestion (Sv/y)"
"Effective dose by meat ingestion (Sv/y)"
"Effective dose by milk ingestion (Sv/y)"
"Effective dose by root veg. ingestion (Sv/y)"
"Water ingestion dose (Sv/Bq)"

Table A2.L- Equations' Parameters Description

Data values and/or distribution function values are given in [Simón, 1996b], most of the
parameters and data values were provided to participants in [Complementary Studies, 1994].
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