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Abstract. The long life of high level waste and their "possible" releases, from the repository, in the far future
during wide time frames, introduce difficulties on the ability of forecasting actual doses. Similar difficulties were
found when trying to establish or recommend protection criteria for the environment and human health. The
stochastic nature of the whole problem, from the causes that initiate radionuclides releases to the nature of the
environmental conditions where impact is evaluated, made more complex the treatment of the radionuclide
transport models and the analysis of radiological impact. The application of radiological protection principles to
this management option, was also seen as different from other present-day practices. All this gave rise to the
diversification of the research lines towards new areas that allow for the analysis of radionuclide transport, dose
calculations and, criteria, in this new situation. The approach for the biosphere system based on the "reference"
concept, in essence the same idea as the one for the "Reference man" concept, was promoted internationally, first
within the BIOMOVS II Project and, afterwards, in the BIOMASS IAEA Programme. In parallel to the
participation in these Projects and based on their conclusions, CIEMAT has been developing for ENRESA a
methodology, which has to be updated and completed with recent developments from BIOMASS-Themel.
Notably, for the Justification and Identification step, the Description of Critical Groups and the use of the Data
protocol. An application of this methodology was performed and published in 1998 and, its results and
conclusions are summarised in the paper. Also, the paper includes main conclusions from the biosphere
modelling applied in the last ENRESA2000 Spanish PA exercise and, difficulties found in the consistency
between the scenario generation procedure, the treatment of the interface and the source term and, the use of the
reference biosphere concept.

1. BACKGROUND

In the early nineties, a Project was initiated, supported by ENRESA, to deal with the analysis
of consequences from final disposal of solid radioactive waste in deep geological repositories.
Models and capabilities to perform dose assessment, as a consequence of normal or accidental
situations from nuclear installations, had to be adapted to deal with a different type of source
term.

The long life of high level waste and their "possible" releases, from the repository, in the far
future during wide time frames, introduce difficulties on the ability of forecasting actual
doses. Similar difficulties were found when trying to establish or recommend protection
criteria for the environment and human health. The stochastic nature of the whole problem,
from the causes that initiate radionuclides releases to the nature of the environmental
conditions where impact is evaluated, made more complex the treatment of the radionuclide
transport models and the analysis of radiological impact. The application of radiological
protection principles to this management option, was also seen as different from other present-
day practices.

The ICRP System of Protection is directly applicable to effluent discharges to the
environment. The characteristics and habits of population are taken into account and it is
possible to verify the protection level by monitoring programs. In the case of disposal of long-
lived solid waste, the main issue concerns exposures that may or may not occur in the far
future.

All the above gave rise to the diversification of the research lines towards new areas that allow
for the analysis of radionuclide transport, dose calculations and, criteria, in this new situation.
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International collaboration, with those countries where the same difficulties were found, was
promoted by national and international organisations.

Two main lines of thinking were, and still are, present to deal with safety analysis of this type
of disposal option, one oriented towards "Environmental Simulation" and, the other based on
the "Analysis of Scenarios". The first approach copes with the difficulties of future evolution
of the system by modelling environmental change and, trying to incorporate the effects into
the long-term radionuclide transport models. The second approach follows a "fault tree"
concept, similar to the one used by safety studies in NPP's, although relevant differences are
found when alternatives possible future situations are explored and long-term modelling is
considered.

Latest ICRP recommendations in Publication 77 (1998) and Publication 81 (2000) are devoted
to specific aspects of solid waste disposal. Consequently, the Principles of Protection are
adapted. It is emphasised that the optimisation principle is judgmental, avoiding the use of
collective doses over unrestricted time periods. In the same direction, the definition of the
critical group and the environment they inhabit, become a stylised approach used for natural
processes, in order to be compared with the recommended ICRP constraint of 0.3 mSv/y or its
equivalent risk.

2. METHODOLOGICAL DEVELOPMENT

Additional to the environmental simulation and scenario approaches, it appears the
development of the "reference biosphere" concept, in essence the same idea as the one for the
"Reference man" concept (ICRP-23, 1974). It is questionable, of course, given the existing
uncertainty, what is the degree of belief that could be reached by those "References" and, their
capability to be representative of very different situations. The recent finished IAEA
Programme: BIOMASS-Theme 1 on Solid Waste Disposal, proposes and discusses several
generic examples to explore this idea.

In 1991, within an international project for Biospheric Model Validation Studies (BIOMOVS
n, 1996), it was planned a working group to explore the idea of developing "Reference
Biospheres", that could be used for long-term assessments.

This WG on Reference Biospheres focussed, first, on the development of a methodology to
build, in a logic and systematic way, biosphere system descriptions that would respond to a
specific objective. Figure 1 shows the elements and the methodological procedure finally
developed. A generic FEP List for the biosphere modelling was also developed within this
WG.

In parallel, CIEMAT was also participating, jointly with ANDRA, ENRESA and IPSN, in the
definition and description of biosphere systems representatives of long-term conditions, MICE
Project (Aguero et al., 1996). The idea of this MICE Project was to complement the work
being done in BIOMOVS II about the methodology development and, to describe in practice
biosphere system conditions representative of different climatic and human development type
situations. Reference biosphere systems were based on the knowledge of past events and
present systems. Past climatic states were used to have an idea of major climates along a
glacial and interglacial cycle and, present analogues were used to describe qualitatively and
quantitatively the biosphere system (flora and fauna) and critical groups. Biosphere systems
representative of Boreal and Mediterranean climate, as well as for Bio-industrial conditions,
were described.
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FIG. 1. Illustration of the Reference Biosphere methodology. (BIOMOVSII, 1996).

2.1. Biosphere Methodology developed for ENRESA

All these developments gave as a result a methodology (Cancio et al., 1997), which scheme
and background assumptions are outlined below:

— 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, 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.
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FIG. 2. Scheme of the Biosphere Assessment Methodology for ENRESA.

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.

(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 what has to be calculated
and what information is taken into account, in making the calculations. 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.

(ii) Define biosphere systems representative of specific conditions

The "Reference Biosphere" concept 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 be a prediction of the real systems
existing in a specific area in a specific time far into the future, but the results obtained from
them can be representative of the potential radiological impact. That means a measuring
instrument for safety purposes.

As a first try and, for the definition of such reference biospheres, several climate states and
specific regional properties will be considered at the time of release from the geosphere.
Under these main premises the biosphere system is described with as much detail as necessary
to allow for a complete image of radionuclide transport, distribution and accumulation
processes in the system.
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(iii) Procedure to develop conceptual models

The conceptual model is an appropriate representation of a system about which a calculation
has to be made in the performance assessment. (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(s) has to be performed is a major step.
Several procedures are usually applied to help justifying the particular calculations, notably
"influence diagrams" or "interaction matrices". Justification or, at least, decisions taken
should be well documented. To some extent the calculations must speak for themselves in
terms of relevance and applicability.

This methodology has to be updated and completed with recent methodological developments
from BIOMASS-Theme 1 (BIOMASS, 1999). Notably, for the Justification and Identification
step, the description of critical groups and the use of data protocol.

3. BIOSPHERE MODELLING IN SAFETY ASSESSMENT EXERCISES PERFORMED
BYENRESA

3.1. Application of the Biosphere Assessment Methodology to the "ENRESA, 1997 PA "

An application of the "reference biosphere methodology" (Cancio et al., 1997) was performed
and published in 1998 (Pinedo et al., 1998). The method proposed and the conclusions
obtained in the trial application are summarised below.

The consecutive actions for the application consists of eight steps with sub-steps as follows:

Step 1: To establish the Assessment Context

Step 2: Description of the Biosphere System: The Mediterranean system description defined in
Agiiero et al. (1996) is used as the representative situation for the biosphere system. Source
term and geo-biosphere interface information is obtained from the Granite-Case (1997).

Step 3: Generation of the FEP List

Step 3.1: The International Biosphere List of Features, Events and Processes
(BIOMOVSII, 1996) already existing has been used as a starting point.

Step 3.2: Each FEP from that List has been considered either for inclusion, within this
biosphere application, or omitted, with reasons why. Screening of FEPs for the application is
based on the selected Assessment Context and on the Description of the Biosphere system
(steps 1 and 2 respectively).

Step 4: Generation of Conceptual Models by using the interaction matrix method.

Step 5: Mathematical Description

Step 6: Treatment of Data

Step 7: Implementation of the Model in the Code

Step 8: Interpretation and Presentation of Results

Some of the main conclusions obtained are summarised following:
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The methodology tested within this application and the corresponding steps applied,
show a coherent and clear procedure that facilitates proceeding from the initial premises
of the assessment up to the final model to be used, clarifying and recording the logic or
reasoning under any decision taken.
The biosphere system used to test the methodology and the capabilities, do not
correspond to any site specific description. The description of the system has been built
up with information about the geo-biosphere interface given in the Granite-Case (1997)
document, the generic Mediterranean system description Agiiero et al. (1996), and some
changes made ad hoc for coherency between the interface and the rest of the system. The
biosphere system then has to be considered as generic and not site-specific.
The model developed here for the transport of radionuclides and for calculating the
associated annual individual doses is reasonably complete. That is, all relevant transport
and exposure pathways have been considered. However, this completeness only applies
to the particular assessment context considered. Different FEPs treatment, and hence,
different conceptual modelling assumptions would arise for alternative assessment
contexts. Especially important to consider could be the changes that would be necessary
for alternative geosphere—biosphere interfaces and for different assessment endpoints.
The necessity to consider these alternatives should become clearer as the ENRESA
project develops and as international recommendations and regulatory requirements are
further clarified.

The assumptions for the critical group definition are conservative especially since all
water requirements are obtained from the contaminated well and the human
consumption products considered are obtained from the contaminated agricultural area.
Those assumptions would not be realistic if an average present Spanish person was
selected for the assessment, and in that case the doses would be lower.
The dilution of the contaminated groundwater pathways into the surface aquifer
represents the major reduction of the concentration of contamination becoming to the
biosphere (order 104 in reduction). Although this factor has not been included in the
uncertainty analysis, it is recommended to do so in the next iteration. The modelling of
that type of interface and other type of possible interfaces should be considered in great
detail for further applications as well.
Probabilistic results imply a "parameters uncertainty" of one order of magnitude taking
into account that only nine parameters have been considered uncertain and that some of
them are not really relevant for final total doses. Distribution coefficients for soil are the
most important parameters from those sampled, which variability ranges can be
analysed in detail to reduce the uncertainty margin to what is really relevant.
Doses from deterministic calculations goes up to 0,02 mSv/y while doses from
probabilistic goes up to 0,3 mSv/y for the mean of the peak values, and that implies that
certain combinations of parameter values result in a worse situation. Note that the set of
parameters sampled in this case is not big and then the small margin of uncertainty (one
order of magnitude) is explained. A more complete uncertainty analysis could result in a
more significant uncertainty.
As long as parameter values always have an uncertainty due to the lack of knowledge or
due to the variability, to use a probabilistic approach has several advantages, apart from
the one mentioned above. For example: to be able to determine the most relevant
parameters and the less relevant, that can be omitted in the next iteration as uncertain
parameters; to be able to determine the ranges of values where the answer of the model
is more sensitive and then restrict the ranges to be studied to those really important. To
do this correctly it is necessary to start by varying every parameter considered.
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— An analysis of results from this application and the ones obtained in the Granite-Case
(1997), shows maximum differences within an order of magnitude for the deterministic
case and two orders for the probabilistic case, due to parameter values considered in the
models.

3.2. Biosphere Modelling in the recent "ENRESA 2000 PA "

After the PA exercises in granite media [Granite-Case (1997)] and the corresponding for clay
media [Clay-Case (1999)], ENRESA started a new iteration of a PA exercise, trying to
incorporate last results from the different research groups, about modelling and data of the
different sub-systems considered for a deep geological repository.

The scenario generation approach in Ruiz y Eguilior (1997) was applied. Two main cases, the
Reference and Climatic Scenarios, apart from other alternative scenarios, were established as
the most relevant situations to be analysed at the site selected. Location and data of the generic
site selected are considered representative of average characteristics of granite media in Spain.

The Reference Scenario corresponds to a situation where present conditions at the site are
considered, while the Climatic Scenario corresponds to a situation where climate change has
to be considered. In this further case, the reconstruction of the past 120000 years in the Iberian
Peninsula has been considered to simulate the next 120000 years (Recreo y Ruiz, 1997).

For the exercise, annual dose to the critical group has been chosen as the final indicator to
consider. Biosphere modelling should be able, then, to produce results in terms of annual
doses for situations of prolonged exposures.

For the biosphere modelling, the steps below have been performed, given the next
assumptions:

— Radionuclide concentrations in groundwater remains constant and equal to lBq/m3 for
the calculation period,

— Dose results should be obtained for the Reference and the Climatic Scenarios.

Step 1: The detail description of the biosphere system corresponding to present conditions in
an specific area of Spain was done. This description includes also the habits and consumption
data of the population exposed to contaminated groundwater, through two interfaces: a "well"
and a "river".

Step 2: From system developed in Step 1, it was developed the influence diagram with the
corresponding process system.

Step 3: Effects of climate change in the process system of Step 2 were analysed and, a new
influence diagram was developed for the Climatic Scenario. Several components of the
biosphere system change (soil type, water bodies, flora and fauna) according with the climate
change, but the process system remains the same, as no major structural changes are expected
from global glacial-interglacial cycling.

Step 4: A discrete non-continuous analysis of the biosphere was selected, given the purposes
of the exercise and the assumed source term to the biosphere.
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Step 5: From the climatic index curve (ACLIN1), simulated for the nest 120000 years in
Recreo y Ruiz, (1999), an alternative to present climate state was selected taking into account
frequency in the ACLIN1 curve and conservative hypothesis. A dryer and colder system
(Steppe climate type), than the present one, was selected to evaluate implications in the dose
assessments.

Step 6: Analogues present Spanish steppe areas were taken to define the characteristics of the
new biosphere system, including habits and consumption of the exposed groups.

Step 7: Dose analyses was performed for both Scenarios. Results obtained correspond to Dose
Conversion Factors per unit concentration of radionuclides in groundwater. These Factors are
used to transform simulated source term into doses. It should be clear that Dose Conversion
Factors correspond to specific biosphere conditions.

From the biosphere modelling perspective, some conclusions can be extracted from the work
done in the ENRESA2000 Spanish exercise:

— More consistency should be reached between the scenario generation procedure and the
use of the reference biosphere concept.
Could there be an actual separation between the biosphere sub-system and geosphere
sub-system? If not, the role of a reference biosphere in a performance assessment should
be clarified.

— For the inland Spanish site analysed, no relevant variations in doses are found due to
different climate conditions considered. Differences observed in results are radionuclide
dependent, ones more sensitive than others to the environmental conditions changes. In
any case, differences in results are below two orders of magnitude.

— Initial premises about the source term to the biosphere and the interface geosphere-
biosphere, as well as the previous selection of scenarios, conditioned somehow the
hypothesis about the biosphere modelling.

4. LESSONS LEARNT AND LINES OF PROGRESS

Relevant and controversial issues highlighted in boxes.

Long-term treatment of the biosphere has evolved within Spanish PA exercises in three main
aspects:

(1) Progressive integration of the biosphere sub-system in the total performance
assessment. At the initial stage, the biosphere model was paste at the end of the
geosphere, by a simple1 "Drinking Water Well" exposure pathway. Nowadays, the
biosphere sub-system, even if it is not integrated with the other performance assessment
modelling, it is considered in the scenario selection process.

(2) Number of exposure pathways has been increased, from the single "Drinking Water
Well" pathway to additional multiple ingestion, inhalation and external pathways. For
most of the radionuclides, multiple pathways analysis increases in a factor of two or
three the effective doses per unit concentration in the aquifer from the single drinking

1 "Simple" here is not analogous to bad, even, under some circumstances can be the best option due to less
uncertainty and speculation.
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water pathway. For a few radionuclides, notably: Se79, Nb94, PdlO7, Snl26, Hol66m,
Hfl82 and Cm248; effective doses increase in around two orders of magnitude.

(3) From a single constant biosphere to several constant biospheres. Effective doses per unit
concentration in the aquifer and for agricultural environments, corresponding to
different climatic situations (Present conditions and Steppe conditions), do not show
significant differences. For all radionuclides, differences are only within a factor of two
or three.

• The biosphere system is not considered as part of the "safety barrier system". Why then it
is used to evaluate the major indicator of safety? There is clearly an inconsistency between
the consideration of the biosphere sub-system in PA's and the single indicator used for
impact analysis.

• Should dose estimates be presented just as complementary to other indicators (like
concentration in groundwater), instead of in isolation, as usually used in previous
evaluations?

In the last Spanish exercise, the evaluation procedure has been a mixture of:

the Scenario methodology, to select the main and alternative scenarios;

the Environmental Simulation method, applied somehow for the Climatic Scenario and;

the Reference Biosphere methodology, to obtain information about the biosphere system of
interest and data about the human groups, for which effective doses are calculated.

It is necessary to continue working to improve and find a convergence point between these
different methodology approaches.

Up to date, biosphere systems in performance assessment exercises are described using
knowledge from present analogues systems and data. System description process starts from a
given climate state and a type of environment (natural, semi-natural, agricultural, etc) and
collects, then, associated information about the use of natural resources (soils, waters),
cultivated crops and livestock management, population characteristics, consumption rates and
human habits.

Could this type of biosphere descriptions be seen as "Reference Biosphere Systems"?
Their independence, from the source term and the dose assessment, can result in a global
applicability.

So far, the biosphere system has been considered constant with time, when the factor that
controls this system is essentially dynamic. Whether the biosphere system in the Climatic
Scenario has to be considered variant or not with time, depends very much on the
consideration of the rest of the repository system approach.
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Consistency between the biosphere and the geosphere sub-systems is emphasized.

Most of the PA exercises assign a fixed level of priority to the FEPs considered into the
process system. It should be taken into account that some or the most of the considered
FEP's can change this priority. FEP's critical in a a certain period can be not critical in
others.

Representative Biosphere System have been built taking into account climate evolution
identified in the last 120000 years (Spanish particular case), while the time frame of interst
is at least of 1 million years after closure.
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