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Resumen:

Durante varios años el CIEMAT ha venido desarrollando para ENRESA conocimiento y herramientas que permiten la
modelización del transporte y acumulación de radionúclidos en la biosfera una vez que éstos son liberados a una o
varias partes de la biosfera (atmósfera, cuerpos de agua o suelos). El desarrollo de modelos incluye también la evalua-
ción del impacto radiológico debido a la distribución resultante de radionúclidos en la biosfera.

En 1996, se propuso a ENRESA una Metodología para analizar la biosfera en este contexto. El nivel de desarrollo de los
diferentes aspectos considerados dentro de la Metodología era muy heterogéneo, en el sentido de que, mientras
aspectos relaccionados con la modelización del transporte eran bien conocidos, otros aspectos como el desarrollo de
modelos conceptuales o la descripción de sistemas representativos del largo plazo necesitaban de un mayor desarrollo.

En la actualidad, el Programa sobre modelización de la biosfera (BIOMASS) del Organismo Internacional para la Energía
Atómica en colaboración con diversas organizaciones, ENRESA y CIEMAT entre ellas, está trabajando para completar
la Metodología de Biosferas de Referencia (en la que se basa la propia) y producir descripciones "prácticas" de sistemas
de referencia.

El propósito global del documento es aplicar la Metodología, teniendo en cuenta los desarrollos actuales en modelización
de la biosfera, al ejercicio de evaluación hecho por ENRESA en medios graníticos [ENRESA, 1997]. Utilizando de éste la
información específica sobre el contexto de la evaluación, el término fuente y la interfase geo-biosfera. Hay tres objeti-
vos específicos de este trabajo: (a) determinar la facilidad práctica de aplicación de la Metodología a una situación
realista, (b) comparar y contrastar modelizaciones previas de biosfera y, (c) chequear los desarrollos informáticos
realizados en relación con la gestión de la información y con la modelización.

Application of the Biosphere Assessment Methodology to the
"ENRESA, 1997 Performance and Safety Assessment

Pinedo, P.; Simón, I. and Agüero, A. (CIEMAT)
125 pp. 8 figs. 42 refs.

Abstract:

For several years CIEMAT has been developing for ENRESA knowledge and tools to support the modelling of the
migration and accumulation of radionuclides within the biosphere once those radionuclides are released or reach one or
more parts of the biosphere (atmosphere, water bodies or soils). The model development also includes evaluation of
radiological impacts arising from the resulting distribution of radionuclides in the biosphere.

In 1996. a Methodology to analyse the biosphere in this context was proposed to ENRESA. The level of development of
the different aspects proposed within the Methodology was quite heterogeneous and, while aspects of radionuclide
transport modelling were already well developed in theoretical and practical terms, other aspects like the procedure for
conceptual model development and the description of biosphere systems representatives of the long term needed
further developments.

At present, the International Atomic Energy Agency (IAEA) Programme on BlOsphere Modelling and Assessment
(BIOMASS) in collaboration with several national organizations, ENRESA and CIEMAT among them, is working to
complete and augment the Reference Biosphere Methodology and to produce some "practical" descriptions of Reference
Systems.

The overall purpose of this document is to apply the Methodology, taking account of on-going developments in
biosphere modelling, to the last performance assessment (PA) exercise made by ENRESA [ENRESA, 1997], using from
it the general and particular information about the assessment context, radionuclide information, geosphere and geo-
biosphere interface data. There are three particular objectives to this work: (a) to determine the practicability of the
Methodology in an application to a realistic assessment situation, (b) To compare and contrast previous biosphere
modelling in HLW PA and, (c) to test software development related with data management and modelling.
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SUMMARY

For several years CIEMAT has been developing for ENRESA knowledge and tools to
support the modelling of the migration and accumulation of radionuclides within the
biosphere once those radionuclides are released or reach one or more parts of the biosphere
(atmosphere, water bodies or soils). The model development also includes evaluation of
radiological impacts arising from the resulting distribution of radionuclides in the
biosphere.

In 1996, a Methodology to analyse the biosphere in this context was proposed to ENRESA
based on work carried out during 1994/5 [Metodología, 1997], where the issues mentioned
above were considered and treated. The level of development of the different aspects
proposed within the Methodology was quite heterogeneous and, while aspects of
radionuclide transport modelling were already well developed in theoretical and practical
terms, other aspects like the procedure for conceptual model development using the RES
matrix and the description of biosphere systems representatives of the long term needed
further developments.

At present, the International Atomic Energy Agency (IAEA) Programme on BlOsphere
Modelling and ASSessment (BIOMASS) [BIOMASS, 1996] in collaboration with several
national organizations, ENRESA and CIEMAT among them, is working to complete and
augment the Reference Biosphere Methodology (developed originally during the
BIOMOVS II international Project [BIOMOVS II, 1996a]) and to produce some "practical"
descriptions of Reference Systems. The work described here takes account of this and other
on-going international developments.

The overall purpose of this document is to apply the Methodology, taking account of on-
going developments in biosphere modelling, to the last performance assessment (PA)
exercise made by ENRESA [ENRESA, 1997], using from it the general and particular
information about the assessment context, radionuclide information, geosphere and geo-
biosphere interface data.

There are three particular objectives to this work:

(a) To determine the practicability of the Methodology in an application to a realistic
assessment situation. This has to include a description of the whole system for the deep
HLW geological repository. This implies using a realistic level of information about
the site and about releases from the geosphere. It also has to recognise that radiation
protection objectives for radioactive waste disposal are still under development, so it is
not entirely clear at this stage what the radiological end-points of the PA should be.
The present degree of detail provided in ENRESA [1997], which is fairly generic, is
considered to be part of the normal process to reach a more site specific information as
the phases of the HLW repository programme are implemented. The steps in the
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Methodology to analyse the biosphere will be applied to ENRESA [1997] to examine
the practicability of the method and the usefulness of the different tools designed to
help in real applications. Any gap in the Methodology will be identified, and proposals
for filling them provided. In addition, implications for the wider PA, eg concerning
how to model the geosphere-biosphere interface, will be identified.

(b) To compare and contrast previous biosphere modelling in HLW PA. The assessment
results obtained will be compared with the original ENRESA [1997] results to identify
any differences and the reasons for those differences, e.g. different initial FEPs,
different conceptual models, different parameters considered in the mathematical
models and/or different data. The relevance of the assessment context studied as well
as some conclusions for the next PA exercise "ENRESA-2000" are documented.

(c) To test software development related with data management and modelling. The work
described in Metodología [1997] included development of software tools for handling
information relevant to model development and for carrying out calculations of
radionuclide migration and corresponding doses. Development of these software tools
has continued and their practical use is also tested in the application.

The consecutive actions for the application consists of eight steps:

Stepl: To establish the Assessment Context:

Step2: Description of the Biosphere System:

Step3: Generation of the FEP List:

Step4: Generation of Conceptual Models:

Step5: Mathematical Description:

Step6: Treatment of Data:

Step?: Implementation of the Model in the Code:

Step8: Interpretation and Presentation of Results:

That goes from the initial premises to the final results obtained. The results are commented
and useful information is given for further PA exercises.
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1. BACKGROUND

For several years CIEMAT has been developing for ENRESA knowledge and tools to
support the modelling of the migration and accumulation of radionuclides within the
biosphere once those radionuclides are released or reach one or more parts of the biosphere
(atmosphere, water bodies or soils). The model development also includes evaluation of
radiological impacts arising from the resulting distribution of radionuclides in the
biosphere.

In relation to the biosphere, assessments of deep geological repositories for high level
radioactive waste (HLW) have to account for the very long time delay before releases to the
biosphere are likely to occur and the long time scale over which releases are likely to
continue once release starts. During these time frames the biosphere system, as the possible
final receptor of radionuclides, could change drastically. Paleoclimatic and paleoecological
studies based on historical records have shown possible and very different situations of the
system for a given Earth location, for example, during one million years from the past to
the present day. One million years is taken as a potentially relevant timeframe for this
study given the longevity of the basic radiological hazard (see Figure 5.5 from ENRESA
[1997]) and the time frame before potential releases to the biosphere suggested in Figure
6.14 from the same report. Also IAEA TECDOC 767 suggests that beyond about 106 years
little credibility can be attached to integrated safety assessments [IAEA, 1994].

For safety assessments of deep geological repositories, the primary safety indicator is
commonly related to radiation exposure of human beings, according to the circumstances of
their environments. If it is difficult to predict the possible biosphere systems into the future,
it is even more when the human activities are included, both in terms of activities related to
how precisely the exposure arises (what they eat, etc) and in terms of activities which could
modify the biosphere system itself.

In 1996, a Methodology to analyse the biosphere in this context was proposed to ENRESA
based on work carried out during 1994/5 [Metodología, 1997], where the issues mentioned
above were considered and treated. The level of development of the different aspects
proposed within the Methodology was quite heterogeneous and, while aspects of
radionuclide transport modelling were already well developed in theoretical and practical
terms, other aspects like the procedure for conceptual model development using the RES
matrix and the description of biosphere systems representatives of the long term needed
further developments.

A basic idea within the Methodology is that the modelling of the biosphere and the final
model/s to produce results are strongly influenced by: (a) external decisions: national and
international regulations, expert judgements in the whole process, lack of knowledge; and
(b) internal decisions: the final biosphere systems to consider as relevant for the
consequences in the future, mathematical approaches and data requirements. The



Methodology must be flexible enough to allow for these factors and the changes produced
as a consequence of evolution in safety criteria, regulations and knowledge.

Another basic idea under the Methodology is the approach used to consider the biosphere in
the long-term. The biosphere will be represented by means of one or more so called
Reference System. The first try to develop Reference Systems within this Project produced
the document MICE [1996] and the ideas considered there combined paleoclimatic studies
with present locations for climatic analogues states to produce the description of the
possible future systems in a specific region of interest.

At present, the International Atomic Energy Agency (IAEA) Programme on BlOsphere
Modelling and ASSessment (BIOMASS) [BIOMASS, 1996] in collaboration with several
national organizations, ENRESA and CIEMAT among them, is working to complete and
augment the Reference Biosphere Methodology (developed originally during the
BIOMOVS II international Project [BIOMOVS II, 1996a]) and to produce some "practical"
descriptions of Reference Systems. The work described here takes account of this and other
on-going international developments.

2.

The overall purpose of this document is to apply the Methodology, taking account of on-
going developments in biosphere modelling, to the last performance assessment (PA)
exercise made by ENRESA [ENRESA, 1997], using from it the general and particular
information about the assessment context, radionuclide information, geosphere and geo-
biosphere interface data.

There are three particular objectives to this work:

(a) To determine the practicability of the Methodology in an application to a realistic
assessment situation. This has to include a description of the whole system for the deep
HLW geological repository. This implies using a realistic level of information about
the site and about releases from the geosphere. It also has to recognise that radiation
protection objectives for radioactive waste disposal are still under development, so it is
not entirely clear at this stage what the radiological end-points of the PA should be.
The present degree of detail provided in ENRESA [1997], which is fairly generic, is
considered to be part of the normal process to reach a more site specific information as
the phases of the HLW repository programme are implemented. The steps in the
Methodology to analyse the biosphere will be applied to ENRESA [1997] to examine
the practicability of the method and the usefulness of the different tools designed to
help in real applications. Any gap in the Methodology will be identified, and proposals
for filling them provided. In addition, implications for the wider PA, eg concerning
how to model the geosphere-biosphere interface, will be identified.



(b) To compare and contrast previous biosphere modelling in HLW PA. The assessment
results obtained will be compared with the original ENRESA [1997] results to identify
any differences and the reasons for those differences, e.g. different initial FEPs,
different conceptual models, different parameters considered in the mathematical
models and/or different data. The relevance of the assessment context studied as well
as some conclusions for the next PA exercise "ENRESA-2000" are documented.

(c) To test software development related with data management and modelling. The work
described in Metodología [1997] included development of software tools for handling
information relevant to model development and for carrying out calculations of
radionuclide migration and corresponding doses. Development of these software tools
has continued and their practical use is also tested in the application.

3. OUTLINE OF THE APPLICATION OF THE METHODOLOGY .

The Methodology to analyse the biosphere under development for ENRESA is in
continuous revision due to the different inputs coming, mainly, from international Projects
like BIOMOVS II, in the past, or the present IAEA Programme BIOMASS, within which
the CIEMAT team is actively participating. This application of the Methodology is an
important input to these intentional developments.

The "case" selected for the application is [ENRJESA,1997] recently edited by ENRESA for
the Spanish situation and the whole system represented in it.

For the application the most recent documents produced (within the CIEMAT team or
within the BIOMASS work) in relation with any of the methodological aspects will be
used, bearing in mind that this could imply a change or extension of the Methodology
presented in Metodología [1997].

The importance of iteration of the steps in the process is emphasised.

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

Stepl: To establish the Assessment Context:

The Alternative Assessment Context Document produced in BIOMASS: Theme 1
[BIOMASS, 1998] and ENRESA [1997] has been used to make the step 1 as
complete as possible. Where the ENRESA [1997] gives no advise, then suggestions
will be given.

Step2: Description of the Biosphere System:



The Mediterranean system description defined during the MICE [1996] Project,
summarised in Annex A, will be used as the representative situation for the biosphere
system to evaluate the possible radiological impact derived in the future from a deep
HLW repository.

Information from ENRESA [1997] is also to be used mainly for the geo-biosphere
interface issues. The influence of the Assessment Context already established will
also be identified.

Step3: Generation of the FEP List:

Step3.1: The International Biosphere List of Features, Events and Processes [BIOMOVS
II, 1996a] already existing has been used as a starting Data Base.

Step3.2: 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).

Step4: Generation of Conceptual Models:

Step4.1: From the List generated above, the biosphere conceptual model/s will be
developed using the RES Interaction matrix method.

Step5: Mathematical Description:

Step5.1: Discussions and conclusions about the treatment and mathematical
representation for each process [Simon, 1996a] and [Venter, 1998] are included.

Step5.2: To identify the parameters and describe them to allow data choices to be made,
e.g. to identify the conditions within which the parameters are being considered.

Step6: Treatment of Data:

Stepó.l: Data acquisition from the Assessment Context and the system Description as
well as from literature review are separately identified.

Step6.2: Data analysis. To assign values to the different parameters identified an
elicitation process will be presented and followed.

Step7: Implementation of the Model in the Code:



The code Amber [Brice, 1996] will be used to implement the conceptual models
developed and to obtain quantitative results for the assessment endpoints. A model for
the dispersion of contaminants in an aquifer is under development for Amber. The first
attempt based on Robinson and Smith [1997] is already developed in Simón [1997] and
will be part of the biosphere model to be implemented within Amber.

Step8: Interpretation and Presentation of Results:

Interpretation here includes checking the results as well as comparison with the
ENRESA [1997] results.

4. METHODOLOGY STRUCTURE AND CORRESPONDING
APPLICATION STEPS

The Methodology described and illustrated in Metodología [1997] has three main features
to be addressed in any assessment: (a) the Assessment Context, in which what has to be
calculated and the reasons why and the information to take into account in an assessment
should be clearly specified; (b) the biosphere systems representative of the long term, given
the big variability that the biosphere can suffer during the long periods considered in these
types of assessments; and, (c) the procedure to develop conceptual models through which a
real system description is represented for assessment purposes. The idea with this procedure
is to allow for recording different assumptions and the justification of decisions. The model
and its results can then be better explained, queries about the model can be better answered,
and changes in information and assessment context can be better taken into account in
future iterations of assessment work.

Other relevant aspects are considered too within the Methodology as part of the method to
produce final results for an assessment, like the use of FEPs lists, the treatment and
recording of processes, and theirs mathematical treatments, parameters and data. Data
bases, codes and other help tools has been developed in parallel to help in performing the
analysis.

4.1. STEP1: ASSESSMENT CONTEXT

Seven components has been identified by Task Group 3 of BIOMASS [BIOMASS, 1998],
to constitute the Assessment Context. The document includes at least two different possible
alternatives for each component.

(a) Assessment purpose,
(b) Assessment End-Points,
(c) Repository System,



(d) Site Context,
(e) Source Term and Geosphere-Biosphere interface,
(f) Time frame and,
(g) Societal Assumptions,

are going to be separately considered here. That set of components is slightly different from
the set of components included in the Assessment Context proposed in [Metodología,
1997]: Time frame is now separately considered instead of included within the Source
Term and, Societal Assumptions are explicitly considered in the Context. In the
Methodology previously proposed the Societal issues were included within the Description
of the system, but it seems more useful to consider some of the initial assumptions as part
of the Assessment Context.

Again, no definitive rule has to be followed here. Appropiate iteration of the Methodology
steps should allow for relevant points to be covered.

(a) Assessment Purpose:

From BIOMASS, [1998]: The general purpose of a biosphere model in radioactive waste
disposal assessment is to determine the radiological significance of potential future
discharges of radionuclides. In any specific case, however, the purpose of developing
and/or applying a model may vary from a simple calculation to support disposal concept
development to a detailed, site-specific performance assessment against regulatory criteria
in support of a disposal license application. The level of complexity and
comprehensiveness required of a model will vary according to the use to which it will be
put. Additionally, the endpoints of interest may not only vary in type depending on the
assessment purpose but also in rigor of compliance (if any).

From ENRESA [1997]: in principle, the Purpose of the ENRESA [1997] exercise is not
unique, the Purpose is multiple and can be summarised as follows: (1) it is the first step in
the system performance assessment process that will allow to predict the future behaviour
of the different barriers and the system, as a whole, of a deep geological disposal in a
granite media for safety reasons; (2) implementation in the AGP overall Project of
techniques and methodologies for long-term assessments to establish a traceable and
flexible work method to allow new data and developments to be included easily in new
phases of the assessment process, and (3) promote communication and co-ordination
among different experts to integrate present knowledge and guide research priorities.

For the present application the main purpose is to apply the Biosphere Methodology to see
how effective it results in terms of justification and reliability of the biosphere model
building process.

The starting information for the application comes from [ENRESA, 1997], but with the
biosphere part developed there replaced by the one developed herein, based on a generic
Mediterranean environment for present conditions in Spain.



A second interesting purpose in this application is to see differences produced in results due
to this other biosphere description and approach.

A third purpose will be to use the experience with this application to apply it in the best
way to the next PA exercise to be carried on by ENRESA.

(b) Assessment End-Points:

From [BIOMASS, 1998]: The structure and composition of a biosphere model will tend to
reflect the results that it is designed to evaluate. These, in turn, will largely depend on the
criteria (regulatory or otherwise) that are adopted to judge the overall performance of the
disposal system for a particular site, of which the biosphere is apart. TJius, for example, it
may be appropriate that a model geared to assessing the expected value of the effective
dose to the average member of the critical group should differ from another designed to
evaluate endpoints such as collective dose, concentrations of radionuclides in
environmental media or the radiological impact on non-human biota. Several different
endpoints may be necessary in development of the safety case for a licensing application.

From ENRESA [1997]: The safety and regulatory frame combines general safety objectives
and principles from references SS-111F [IAEA, 1992J and SS-99 [IAEA, 1989], and the
Declaración del CSN[1987].

The primary safety objective comes from IAEA SS-111F and says: All the activities
required for the definitive storage of high level radioactive waste in the repository must be
performed in the way that protection of the public health and the environment were
guaranteed in the present and the future without imposing undue charges over the future
generations.

Nine principles given in that publication are intended to ensure the adequate management
of the wastes, but due to the qualitative way of establishing the principles and for the
purpose of the AGP exercise, the particular principles established in IAEA SS-99 related
with upper bounds of dose and risk values (principles n° 5 and n° 6) will be used for
comparison with the exercise results. Those principles are as follows:

Principle N.5: Dose upper bound:

For releases from a repository due to 'gradual' processes, the predicted annual dose to
individuals of the critical group shall be less than the dose upper bound apportioned by
national authorities from the relevant individual dose limits which currently correspond to
an annual average dose value of 1 mSv for prolonged exposures

Principle N. 6: Risk upper bound:



The level of safety of a repository for high level radioactive waste shall be such that the
predicted risk of a health effect in a year from a repository to an individual of the critical
group over the health of an average individual of the critical group in a year from
disruptive events not covered by principle No. 5 is less than a risk upper bound
approtioned by national authorities from an individual limit of risk of one in a hundred
thousand per year (70° a'1).

For Spain, the Consejo de Seguridad Nuclear (CSN) has established to guarantee the
Safety for instalation of definitive storage of radioactive waste in the long-term, to use an
individual risk less than 10~6 a'1 of serious damage of the health of an individual potentially
exposed, or the risk associated to an effective dose for individuals of the critical group less
than 0.1 mSv/a.

The End-Points finally used in ENRESA [1997] case to evaluate the performance of the
disposal system were:

(1) Average annual dose due to a radionuclide, (that value is the external dose in a year
and for the internal exposure the committed effective dose to 50 years from intake in
that year)

(2) Temporal distribution of maximum individual annual doses,
(3) Average value of the activity accumulated of a radionuclide that has passed through a

barrier,
(4) Average rate of activity of a radionuclide through a barrier.

The "average " values mentioned above refers to the arithmetical mean obtained of that
variable from the total number of runs performed in the probabilistic approach used in
ENRESA [1997] exercise.

For the present application and for the purpose of comparison with ENRESA [1997]
results, the individual annual effective dose to the individual will be used as the assessment
end-point. (It may be noted that considerable international discussion continues to define
the relevant exposure groups [BIOMOVS II, 1996a], [BIOMASS, 1998])

(c) Repository System:

The disposal system wastes include: spent fuel from the Spanish nuclear power plants
(mainly Pressure and Boiling Water Reactors), decommissioning materials from the power
plants and small quantities of vitrified wastes. The spent fuel is disposed in carbon steel
(four elements per canister) and the internal empty space is filled with glass spheres. The
repository is situated to a deep of 500 m.

The geological formation selected in this case is a granite rock for which dimensions and
main features correspond to the information about Spanish granites from the Favourable
Areas Project in Spain, one specific site has been selected but due to the lack of information



in the deep areas and about the hydraulic characteristic of the different structures, other
non site specific information is used as well. So, the site assessed must be considered as
generic.

The granite rock formation goes up to the biosphere where the rock is highly fractured and
diaclased.

(d) Site Context:

From [BIOMASS, 1998]: The site context describes the physical features of the current
biosphere around the repository and should especially focus on areas encompassing the
geosphere-biosphere interfaces. The site context could include descriptions of the local
surface topography (e.g., mountainous, hilly, flat, location of valleys, etc.), current climate,
soil types (focused on ability to grow crops), local surface water bodies (e.g., rivers,
artesian wells, ponds, wetlands, etc.), and near-surface aquifers. The spatial extent of the
site context description depends on the type of endpoint(s) employed in a particular
assessment. For individual dose and risk, the significance of variability in local conditions
is much larger, whereas in the case of collective impact indicators, especially global
collective dose, the level of impacts is less sensitive to local conditions.

Site context information could be real data about the site under investigation, or it could be
a set of data which is to be used for assessment purposes, or a mixture of both.

The information from ENRESA [1997] document about the site context can be considered
partly real, mainly in relation with the geo-biosphere interface, and partly hypothetical or
non-site specific, in relation with the description of the biosphere system and the critical
group to evaluate.

The scenario selection process in ENRESA [1997] considered the biosphere and climate as
they are now, and remaining constant with time. For the site context, only information
about the surface and deep aquifers is found in relation with the Reference Scenario and
the Human Intrusion Scenario respectively.

For this application and given that the geo-biosphere interface is through a well, marine
releases and marine environment will not be considered.

(e) Source Term and geosphere-biosphere interface:

The geosphere-biosphere interface is defined in ENRESA [1997] in both study cases
(scenarios) by aquifers that receive part of the radionuclides fluxes that are moving
through fractures in the granite formation towards the biosphere. Abstraction wells is the
way in which it is assumed the radionuclides finally reach the human environment.



To determine the source term to the biosphere a process for selection of radionuclides and
the release rate (as a function of time) has been followed and specified in ENRESA [1997]:

(1) to obtain a reduced list of radionuclides in the inventory: from the total inventory of
radionuclides after 50 years of cooling, a preliminary dose calculation has been
performed with very conservative models for transport along the geosphere. Those
radionuclides that produce doses less than 10"6 Sv/a were excluded as well as those with
a half live less than 1 day. Radiological consequences of those last ones are taken into
account in the dose conversion factors.

(2) the modelling of the near and far field for the Reference Scenario gave a curve with the
release rate (Bq/a) to the geo-biosphere interface (page 146 of [ENRESA, 1997]). The
release rate starts around the year 3000 and continues for 1 million years with some of
the radionuclides release rates decreasing and some other increasing.

For the present application, the initial set of radionuclides to be considered are those for
which a release rate to the geo-biosphere interface is given (see Figure 6.21 from ENRESA
[1997] included following) along the time up to 1 million years.

DESCARGA DE ACTIVIDAD Â LA INTERFASE GEOSFERA-BIÛSFERA
1.0E+G3

1.0E+07

1.0E+M

1.0E+05

1.0E-03

-Ö36 -1129 - S e 7 9 ~Sn126 • CslîS Mo93 7h230
PdlO7 - N b 9 3 M -ÂC227 -TOTAL

- - Ro226
Pb2ÎO
Th229
Po231

1.000 10.000 100.0OQ 1.000.800

Tiempo (D)

Figum 6.21.ÎOSO medio de descorga de octividad o la inferíase geosfera-biosfetu en el bcenoria de Reference:

Peak releases for Cl-36 and 1-129 are between two and three orders of magnitude greater
than for the rest of the radionuclides.
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Peak releases multiplied directly by the corresponding dose conversion factors by ingestion
[IAEA, 1996] show the relative ingestion hazard (Table 1).

Radionuclide

Cl-36
1-129
Se-79
Mo-93
Cs-135
Pd-107
Sn-126

Peak release
(Bq/a)

4.62 10s

3.31 105

1.83 103

5.8 102

3.03 102

1.24 102

8.58 101

Dose Conversion Factor for ingestion
(Sv/Bq)

9.3 10"10

1.1 10"7

2.9 10-9

3.1 10-9

2.0 10~9

3.7 10"11

4.7 10'9

Ingestion
hazard

4.3 10-4

3.6 10'2

5.3 10"6

1.8 10"6

6.0 10"7

4.5 10"9

4.0 10"7

Table 1.Differences in orders of magnitude in a priori dose values for different
radionuclides of the source term.

Even allowing for variable concentration of different radionuclides in the food chain, it can
be concluded that up to 1 million years Cl-36 and 1-129 will be among the two most
relevant radionuclides to be considered. However, this conclusion relies on the PA
assumptions leading to the predicted peak releases. Other near-field/geosphere scenarios
could result in other releases.

(i) Time frame:

Although it is recognised that in 1 million years some radionuclides' release rates are still
increasing, there are no predictions for geosphere releases after that time. Therefore, for the
present application, radiological impacts will be evaluated for the period covering the
releases to the biosphere up to that time. This is also consistent with guidance in IAEA
[1994].

(g) Societal assumptions:

From [BIOMASS, 1998]: As there is little technical basis for predicting the nature or
probability of future human activities, it is necessary to make assumptions about future
human habits in order to calculate future doses and risks. Beyond a few decades, human
activities and societies are highly speculative and any human receptors can only be
hypothetical. As part of developing the biosphere model, assumptions for future human
actions will need to be defined, such as, level of technological development, type of society
(e.g., agricultural or urban), and basis for habits and characteristics (e.g., present day
local behaviour or other sources for assumed behaviour). Societal assumptions are
dependent on the degree of conservatism (or realism) desired in the analysis and the
endpoints to be considered.
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The spatial extent of the domain may also be influenced by the exposure groups which have
to be considered. In the case that only a narrowly defined critical group is to be
considered, then a narrow domain may be sufficient. For example, if consideration of
radiation exposures caused by consumption of drinking water derived from a well at the
groundwater discharge point is regarded as sufficient as reference impact indicator for
most assessment purposes, the amount of data needed is quite restricted. For
comprehensive concept- and site-specific assessment purposes, such as may be required in
final safety analyses for construction and operation licence applications more rigorous
approaches may be needed requiring more extensive data.

If, however, an indicator of collective radiological impact is required, as in recent
guidance provided by the UK authorising departments and the proposed regulation in
Sweden [SSI, 1997] a wider domain may need to be considered, depending on the nature of
the indicator. If the spatial domain is restricted, the results are much more sensitive on
variability and temporal evolution of local conditions as compared to indicators describing
the impacts on much larger domains (regional or global). For the latter type of
applications, the impacts are roughly only dependent on the total amounts of release and it
may be sufficient to rely on simple conversion factors between the impact indicator and
release.

In ENRESA [1997] document the population groups, in the Reference Scenario and in the
Production Well Scenario (Human Intrusion Scenario), correspond respectively to: (1) a
local farming that use the water from the surface well to irrigate crops and to use it as the
human and cattle necessities, and (2) a small city that use the water from the deep well for
drinking water purposes.

The present application deals with the Reference Scenario of ENRESA [1997], in which the
contamination of the biosphere become through the aquifer where the ground water
pathways arrive.

It is supposed then that over that aquifer a generic Mediterranean system can stay.

The critical group according to the biosphere system description (see Annex A) is formed
by adults to whom consumption rates and habits corresponding to an average individual are
assigned.

This group or individual will be critical since they live and work within the contaminated
area and the water and all food consumed come too from that area.

The resulted annual average doses are used for comparative purposes among different
scenarios (the Reference Scenarios and its variants) and between the Reference Scenario
and the dose limit (0,1 mSv/a) and between the Production Well Scenario and the dose
limit.
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4.2. STEP2: DESCRIPTION OF THE BIOSPHERE SYSTEM

Following the Methodology, a biosphere system for specific conditions should be described
here. The particular and relevant characteristics of the specific site should be mentioned too
to make the whole system coherent.

The implications of the Assessment Context developed for the application and specified
above will be considered here as regards the biosphere system to be considered.

The host rock type in this case is particularly relevant in relation with the hydro-geological
regime where the interface between the biosphere and the geosphere can be found. The
surface fractures can be considered as surface aquifers. The altered granite depth can be
considered about 25 m. The regional hydraulic gradient is 2% and the rock density 2630
kg/m3.

The water table is found around 3 m under the surface level. The transmisivity is between
10"5 - 10o:> nr/s. The chemical composition of the underground waters is given in Table 3.5
(p.29 [ENRESA, 1997]). The fractures appearing in the surface can be connected with other
deeper fractures through which the radionuclides can move from the repository, the usual
small size and seasonal behaviour of those fractures can make variable the radionuclide
concentrations along the year.

In ENRESA [1997] and for modelling purposes the meteoric fractures (forming the aquifer)
have been modelled as a continuous medium of 5 m width, 25 m deep with a hydraulic
conductivity of 1CT4 m/s, effective porosity of 30% and grain density of 2630 kg/m3. The
hydraulic gradient is 2%.

The percentage of captured activity by the well depends on the distance from the well to the
release point from the geosphere via. The well and the release point from the geosphere are
in a fracture zone of 3 km long.

In this application, radionuclides dilution and transport in the surface aquifer is considered
through a compartmental model. A main water flux direction is supposed along the 3 km of
the aquifer.

The compartment transfer model for radionuclides in an aquifer has been developed and
tested in Simón [1997]. Chapter 4.5 has more detailed information of this model.

The domestic surface well for the Reference Scenario has a flow extracting rate of 1600
m3/a. This extraction rate is consistent with the theoretical capacity of the aquifer of 7875
mVa, that is supposed constant during the year.

The information about the geo-biosphere interface is enough precise relative to the
geosphere media chosen for the repository. The information can be considered quite site-
specific for present day conditions.
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A Mediterranean system is assumed for the biosphere system overlying the aquifer. Annex
A defines generic characteristics for the system description.

The soil properties selected for data acquisition has been based on the soil textural classes
as sandy-loam. Typical soil from a Mediterranean system (Annex A) ("eutric fluvisol") and
typical soils develop over granitic formations in Spain like "umbric leptosol" both belong
to the same textural class.

The surface hydrological description is not relevant since all water requirements come from
the underlying aquifer through a well.

The individual who is evaluated has a typical Mediterranean diet shown in Table A. 1 from
Annex A. For that consumption the agricultural land required is shown in Table 2, taking
into account typical Mediterranean yields [GOURMET, 1996].

Table 2 shows the estimation of the land area required for an mdividual equal to 415.75 m2.
It is supposed that all the crop land is irrigated with water from the well, assuming as a
usual practice, that pasture for animals is not irrigated.

Cereals
Roots vegetables
Green vegetables

Human Diet
(kg/y)

123
86
96

Yield
(kg/km2)

449200
2225800
2453700

Land
(m2)

273,82
38,64
39,12

Table 2. Estimation of irrigated crop land for an average mediterranean diet.

The estimation of water requirements is shown in Table 3. Around 200 mVy is consistent
with the volumetric flow assumed to be extracted from the well in ENKESA [1997] and
equal to 1600 nrVy.

Occupational factors to evaluate external irradiation from the contaminated land and
inhalation of suspended dust outdoors and indoors has been obtained from BIOMOVS
[1996b]. (see Table 14)
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Human consumption
Cow consumption
Water for irrigation

Total

2 Vd
701/d

Calculation:

Annual water necessities for irrigating crops
[BIOMOVS, 1996b] 580 mm

Mean Annual rainfall rate 614 mm
Mean Annual evapotranspiration rate 442 mm
Mean Annual effective rainfall 172 mm

Irrigation necessities (580 mm - 172 mm ) 410 mm

Total water necessities for the crop land
(410 mm* 415.75 m2)

0.73 m7a

25.5 m3/a

170.46 mVa

196.7 m3/a

Table 3. Estimation of water requirements for a person in a typical Mediterranean
environment.

4.3. STEP3: IDENTIFICATION AND INITIAL SCREENING OF BIOSPHERE
FEATURES, EVENTS AND PROCESSES

One of the elements identified in the biosphere methodology proposed [Metodología, 1997]
to start the model building process, is a list of features, events and processes (FEPs) related
with the specific case under consideration.

To select the set of FEPs that could be relevant at this initial stage, it is very useful to use
and screen other FEP lists already developed for the same area of study. In this case the
International Biosphere FEP List [BIOMOVS, 1996a] has been used as a starting point to
produce the list for the present application. From that List all those features, events or
processes relevant have been selected, bearing in mind the relevant issues raised during the
establishment of the Assessment Context and the Description of the system.

Annex B lists the FEPs in the BIOMOVS II list and records how each one is initially
treated in the application, either included in the model development or excluded with
reasons why. By recording the decisions to include or exclude the FEPs, an audit trail of
assumptions is provided.

FEP inclusion or exclusion is indicated by a Yes (Y) or No (N) in Table B.I of Annex B.
The reason for excluding FEPs and comments for FEPS included is recorded in the
'Comments' column of Table.
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The set of FEPs selected will be used to build up the interaction matrix (section 4.4) where
the main components of the system and the interactions among them are drawn representing
the process system.

The iterative process of FEP screening and interaction matrix development is an essential
part of the approach which is being used to identify and justify the system to be evaluated.

The included FEPs resulting from the screening process are shown in Table 4.

FEP-code
1.
l.l .
l . l . l .

1.1.2.

1.1.2.1.

1.1.2.8.
1.1.3.

1.1.4.

1.2.
1.2.1.

1.2.2.

1.2.2.1.

1.2.2.1.2
1.2.3.
1.2.3.1.

1.2.3.2.

1.3.

1.3.1.

1.3.2.
1.3.2.1
1.3.2.1.2
1.3.2.2.
1.3.2.3.

1.3.3.

FEP-NAME
Features
Assessment context
Assessment purpose

Assessment endpoints

Annual individual dose

Radionuclide concentration in the environment
Repository type

Site context

Source term
Geosphere/biosphere interface

Release mechanism

Groundwater release

Extraction via well into geosphere aquifer
Source term characteristics
Source term radionuclide content

Properties of the groundwater plume

Basic system description

General climate description

General biosphere system description
Environments
Agricultural
Principal systems of exchange
Environmental components

General human society description

Considered
Y
Y
Y

Y

Y

Y
Y

Y

Y
Y

Y

Y

Y
Y
Y

Y

Y

Y

Y
Y
Y
Y
Y

Y

Comments relating to the application

Affects objectives for modelling
Multiple: (1) to demonstrate how safe the
system is; and (2) a first step to integrate the
biosphere in the PA-AGP.
Defines radiological and other quantities that
have to be calculated
Primary safety indicator required to be
assessed by international recommendations.
For internal exposure corresponds to the
committed effective dose to 50 years from an
intake of a year (ICPR 60 definition)
Required for the end-point selected.
Deep repository' for spent fuel from the
Spanish nuclear power plants,
decommissioning materials and small
quantities of vitrified wastes.
Granite rock overlaing by an aquifer in a
highly fractured and diaclased area.

Affects exposure pathways and release
mechanisms. Release from geosphere into a
near-surface aquifer.
Affects release medium and exposure
pathways.
Assessment context limits release to a deep
well in a surface aquifer
Covered by 1.2.2.1

From the radionuclides released to the
interface and the radionuclides contributing
more to the final dose, 1-129 and Cl-36 will be
chosen for the assessment
The release to the geo-biosphere interface
starts around 2000 years and follows after 1
million years
Affect how biosphere system might change
and impacts on radionuclide transport
Affects a range of biosphere processes.
Mediterrean or dry-summer subtropical
climate.

Included in the system description
Affects contaminant transport processes
Affects contaminant behaviour and transfer
pathways
Affects hypothetical exposure groups
description. Present day behaviour associated
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2.
2.1.
2.1.1.1.
2.1.1.1.1.
2.1.1.1.1.1.
2.1.2.
2.1.2.1.
2.1.2.3.
2.1.2.3.1.
2.1.2.3.2.
2.1.2.3.3.

2.1.2.3.4.
2.1.2.3.5.
2.1.2.5.
2.1.2.5.1.
2.1.2.5.4.
2.1.2.5.4.3.
2.1.2.5.4.4.
2.1.2.5.4.5.
2.1.2.7.
2.1.2.7.1.
2.1.2.7.2.
2.1.2.7.3.
2.1.3.
2.1.3.1.
2.1.3.1.1.
2.1.3.1.2.
2.1.3.2.
2.1.3.2.2.
2.1.3.2.3.
2.1.3.2.4.
2.1.3.2.5.
2.1.3.2.7.
2.1.4.
2.1.4.1.
2.1.4.1.1.
2.1.4.2.
2.1.4.2.1.
2.2.
2.2.3.

2.2.3.1.

2.2.4.
2.2.4.1.

2.2.4.1.1.
2.2.4.1.2.

2.3.
2.3.1.
2.3.1.1.
2.3.1.4.
2.3.1.5.

2.3.2.
2.3.3.
2.3.3.1.
2.3.3.1.1.

Events & processes
Natural events and processes
Environmental dvnamics
Seasonality
Effects of seasonality on food chain
Radionuclide transport
Atmospheric transport processes
Porous media aqueous transport processes
Percolation
Capillary rise
Groundwater transport

Diffusion/dispersion
Infiltration
Solid phase transport
Resuspension/deposition
Solid phase transport by water
Rain splash
Washout
Wet deposition
Transport mediated by flora and fauna
Root uptake
Bioturbation
Intake by animals
Processes affecting radionuclide concentrations
Chemical reactions
Dissolution/precipitation
Adsorption/desorption
Physical processes
Water recharge
Rainfall
Evaporation
Evapotranspiration
Weathering
Radionuclide metabolism
Crops and natural/seminatural flora
Translocation
Livestock and natural/seminatural fauna
Internal transfer within animals
Events and processes related to human activity
Recycling of materials and mixing by human action

Ploughing

Radionuclide transport mediated by human action
Water extraction

Well supply
Irrigation

Events and processes related to human exposure
Human habits
Resource usage
Location/shielding factors
Diet

External irradiation processes
Internal exposure processes
Intake
Inhalation

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y

Y
Y

Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y

with current farming practice

Affects migration and accumulation
Affects migration and accumulation

Affects migration and accumulation in the
geo-biosphere interface
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects contaminant availability
Affects contaminant availability
Affects contaminant availability
Affects properties of compartments
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Could be included as affects re-distribution of
contaminants. It is considered as a practice of
the critical individual
Affects mixing and re-distribution of
radionuclides

Part of main assessment context. Affects
contaminant transport
Included in the assessment context
Included in the assessment context and critical
group habits

Given for the critical group
Given for the critical group
Affects exposure
Affects exposure but also the modelling of
radionuclide migration must match the diet
assumed.
Exposure mode for some radionuclides
Exposure mode for some radionuclides
Exposure mode for some radionuclides
Exposure mode for some radionuclides
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2.3.3.1.2.
2.3.3.1.3.

Ingestion
Derma! absorption

Y
Y

Exposure mode for some radionuclides
Exposure mode for some radionuclides

Table 4. Initial FEP screening for the application from the BIOMOVS [1996a] FEP
List.

The FEP code at the left side shows the hierarchy level of the FEPs in the list and so, it is
possible to see if there are more detailed FEPs representing one FEP. At the time to decide
what FEP or FEPs will be included in the matrix, higher levels of the one selected will be
excluded, using then a greater level of detail in the model.

4.4. STEP 4: GENERATION OF CONCEPTUAL MODELS

At this stage we have a FEP List developed for the specific trial application and recorded
decisions for the FEPs excluded, taking into account the Assessment Context and the
System Description.

The next step in the methodology suggests combining the FEPs selected in order to build
the conceptual model that will allow evaluation of end-points required.

The matrix interaction method, known too as the RES method [Hudson, 1992], is suggested
as a comprehensive and visual way of building the process system. The RES method can be
useful to analyse many different problems. For the evaluation of the dispersion and
distribution of contaminants in a system and to analyse the consequences to humans, it is
suggested to identify the main components where the contaminants can go and move
through and to identify the processes that can affect the transference of contaminants and
those that can affect the properties of the components.

The RES matrix method, described more fully in Metodología [1997], begins with:

(i) Definition of the Leading Diagonal Elements (LDEs)
(ii) Definition of Off-Diagonal Elements (ODEs)

The included FEPs have to be associated either with LDEs or ODEs according to some
rational explanation. This ensures that the FEPs have been included in the model
development from the matrix.

As long as the FEP List follows a hierarchical structure, that is to go within the list from
less detailed FEPs to more detailed FEPs in the same category, the identification of the
main components initially can use wider components (higher FEPs in the list) and then pass
to the next iteration using then more detailed components and processes (lower FEPs in the
list). This is a useful guideline to follow although not always applicable for every category
of the FEP list.
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Other FEPs, representing properties of the main components or processes, are not
considered for inclusion in the interaction matrix and instead they are considered at a later
stage, in the modelling step.

It is important to declare explicitly the specific purpose to build the matrix. Consecutive
iterations of the matrix, can be built to finally achieve the decided purpose.

In this application, the first interaction matrix will be built for the purpose of determining
where and how bulk materials move within the biosphere system. A second iteration will
incorporate contaminants transport in the environment and doses to humans due to
radionuclide releases into the biosphere according to the details given in the assessment
context.

Based on the level of knowledge and the information given, expert judgement has to be
used to screen those processes that will be primarily considered for the first quantitative
analysis. Afterwards, review of this screening process may be done in order to compare
assessment endpoint against those FEPs and identify which transport routes may need
further consideration for a second iteration.

The Source term to be considered, as mentioned in Section 3, consists of release rates of I-
129 and Cl-36. The radionuclide flux matrix, and hence, the conceptual models for both
radionuclides are the same and differences are only due to different parameter values.

First iteration:

Definition of Leading Diagonal Elements (LDEs)

For consistency with the initial objective, the LDEs will be, in this case, those components
of the system where the groundwater flows and interacts with the biosphere environment by
different processes.

LDEs:

1.1 Near Surface Aquifer. Part of the system defined as the location for the interface
between the geosphere and the biosphere.

2.2 Agricultural Environments: Terrestrial regions intensively exploited for food as
pasture and arable land. This is the environment considered in the system
description as one of the most important due to the direct contamination reach from
the aquifer.
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3.3 Atmosphere: the air, gaseous envelope surrounding the Earth. Radioactivity may get
into the atmosphere as volatile radionuclide, aerosols or dust.

4.4 Human: A key feature of the assumptions associated with behaviour of the local
community in a contaminated environment is the description of those habits and
activities that may lead to radiation exposure. In practice, the definition of behaviour
leading to exposure is the main component of definition of the critical group. Apart
from that, humans can affect the system altering the components or the transport
processes. In this first iteration only those human processes affecting the system are
considered.

Definition of the Off-Diagonal Elements (ODEs)

For the definition of the ODEs, the elements in the FEPs list under Events and Processes
(2.) are reviewed as they describe the possible relationships between LDEs.

(1.2) Capillary rise

(1.3) No interaction

(1.4) Extraction via well

(2.1) Percolation
Infiltration

(2.3) Evapotranspiration

(2.4) No interaction

(3.1) Seasonality

(3.2) Rainfall,
Seasonality

(3.4) No interaction

(4.1) No interaction

(4.2) Soil fertilization,
Irrigation,
Water supply,
Ploughing

(4.3) No interaction,
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Aquifer

2.1
Percolation
Infiltration
3.1
Seasonality

4.1

1.2
Capillary rise
Agricultural
Environment

3.2
Rainfall,
Seasonality
4.2
Soil fertilization,
Irrigation,
Water supply,
Ploughing

1.3

2.3
Evapotranspiration

Atmosphere

4.3

1.4
Extraction via well
2.4

3.4

Human

Table 5. First Iteration: main components of the mass balance system.

Other processes from the list affecting mass balance are commented following:

• Water recharge, as long as there are not surface water bodies considered in the system
description, the water recharge refers to the infiltration and/or percolation processes from
the area under study.

• Evaporation, this process is usually measured within the evapotranspiration factor.
Second iteration:

This iteration will incorporate those FEPs affecting the radionuclides transport. More detail,
for example in the agricultural environment, is adequate to distinguish particular relevant
processes that take place among different subelements of the agricultural environment.

Definition of Leading Diagonal Elements (LDEs)

1.1 Near Surface Aquifer: Part of the system defined as the location for the interface
between the geosphere and the biosphere.

2.2 Soil: the topmost layer of decomposed rock and organic matter which usually
contain air, moisture and nutrients, and can therefore support life.

3.3 Crops: plants and vegetation use in the environment

4.4 Livestock: animals breeding in agricultural environments to obtain products for
human use.
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5.5 Atmosphere: the air, gaseous envelope surrounding the Earth. Radioactivity may get
into the atmosphere as volatile radionuclide, aerosols or dust.

6.6 Human: A key feature of the assumptions associated with behaviour of the local
community in a contaminated environment is the description of those habits and
activities that may lead to radiation exposure. In practice, the definition of behaviour
leading to exposure is the main component of definition of the critical group. Apart
for that, humans can affect the system altering the components or the transport
processes.

The corresponding scheme of the second interaction matrix is shown in Table 6.

Aquifer

2.1
Percolation

3.1

4.1

5.1
Seasonality

6.1

1.2
Capillary rise

Soil

3.2

4.2

5.2
Rainfall
Deposition
Wet depositio.
Washout

6.2
Soil
fertilisation
Irrigation
Ploughing

1.3
Capillary rise

2.3
Rain splash
Root uptake

Crops
4.3

5.3
Seasonality

6.3
Irrigation

1.4

2.4
Ingestion

3.4
Ingestion
Livestock

5.4

6.4
Water
supply

1.5

2.5
Evapotranspi-
ration
Resuspension

3.5
Transpiration

4.5

Atmosphere

6.5

1.6
Extraction
via well

2.6
External
irradiation

3.6
Ingestion

4.6
Ingestion

5.6
Inhalation
Dermal
adsorption

Human

Table 6. Second Iteration: interaction matrix for the process system.

There is still a set of FEPs from the list that should be considered and do not find a place
within an ODE of the second interaction matrix.

Aerosol transport -> process within the LDE 5.5
Groundwater transport -> process within the LDE 1.1
Diffusion/dispersion -> process within the LDE 1.1
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Bioturbation -> process within the LDE 2.2
Dissolution/precipitation -> process within the LDE 2.2
Adsorption/desorption -> process within the LDE 2.2
Translocation -> process within the LDE 3.3
Internal transfer within animals -> process within the LDE 4.4 and 6.6
Weathering -> process within the LDE 2.2

These processes occur internally within LDEs components. Their consideration will imply
a more detail discretisation of the present LDEs or the inclusion of extra new components,
as it is the case for the "weathering". This FEP represents a loss of contamination along the
time from soils or crops due to several different atmospheric processes. The weathering is
evaluated as a global loss effect.

Once the matrix is defined, the next step consist of moving the radionuclides, forming part
of the source term, through the matrix, selecting for each of them and according to their
own properties, the components through which the radionuclide can move and the specific
processes affecting its movement or concentration.

For 1-129 and Cl-36 and taken into account the information given in ENRESA [1997] about
the source term, it is supposed that both radionuclides are dissolved in the ground water that
reaches the aquifer.

In the conceptual model (Figure 1), radionuclide transport processes are represented
through arrows. After allowing for this, the matrix method requires the consideration of
each of the matrix transport and exposure pathways in the conceptual Figure 1. FEPs are
either excluded from the model, with a reason, or included in the matrix; the role of each
FEP in the system (including transport and exposure) is identified in the matrix; and then
the interactions between the FEPs are readily presented in a diagram such as Figure 1.
Processes like Evapotranspiration or Rainfall from the interaction matrix are not
represented in the model because they are features of the system and not transport
processes.
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Percolation

Figure 1. Conceptual model derived from the interaction matrix.

A yearly average is assumed to be correct for annual dose calculations. The seasonality
effect then is considered through the average of those parameters which varies during the
year.

4.5. STEP 5: MATHEMATICAL DESCRIPTION

4.5.1. General Description

An appropriate modelization of a system has to consider several aspects at a time: a
mathematical representation able to consider the dynamics of the system identifying the
relevant parameters involved and the availability of data adequate for the governing
conditions.

There are two main groups of processes, those which has to do with proper transfer
processes and those which has to do with processes that alter the equilibrium of
radionuclides in the media and hence modify the concentration values.
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Following is summarised discussion and considerations of the different processes (FEPs)
selected as an "y" in the List of FEPs.

Simón [1996a] and Venter [1998] contain a revision and description of the mathematical
representations of processes used.

The different nature of the elements of the system drive the modeller towards a
discretization into parts within which it is reasonable to assume an instantaneous isotropic
and homogeneous distribution of radionuclides.

Among those parts, also known as "compartments", transport processes are expressed in
mathematical form as a group of linear first order differential equations. The radioactive
decay and the transfers between compartments are represented as constant linear processes.

In general,

dt

where:

S(t): Activity source to compartment A from outside the system (atoms per unit
time)

N A : Number of atoms of radionuclide in compartment A

N Q : Number of atoms of radionuclide in compartment B

N : Number of atoms of radionuclide parent in compartment A.

K AD, Kg A : Transfer coefficients per unit time

X : Radioactive decay constant of the radionuclide (per unit time)
X : Radioactive decay constant of radionuclide parent (per unit time)

t : Time

The total amount of each radionuclides will be distributed between the liquid and solid
phases of each compartment under study and so:

Amount = EPS * V * CONC, + (1 - EPS) rhog * V * CONCS

Where,

Amount: total amount of radionuclides in the compartment,

EPS: total porosity,
V: total volume of the compartment,
CONC,: radionuclide concentration in liquid phase,
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CONCS: radionuclide concentration in solid phase,
rhog : grain density.

The solid/liquid distribution coefficient, kd, relates the proportion between CONC, and
CONCS through:

kd = CONC, /CONC,

To evaluate concentrations in food crops and animal products, there is an assumed
equilibrium with relevant biosphere media, and hence concentration factors can be used.

Final doses to humans are expressed taking into account the exposure pathway and the
concentration in the corresponding compartment.

4.5.2. Dynamic Transport Processes

Following is described the approach made in this application to the different dynamic
transport processes considered:

* Ground water transport:

Radionuclides released from the geosphere to the surface aquifer are diluted and diffused
along the aquifer according to the ground water media and ground water flow properties.

For this application and taken into account data available, the aquifer has been represented
through a set of identical and contiguous compartments in the main flow direction.

Radionuclides from the geosphere (Bq/y) come into the first compartment and are diluted
homogeneously in the corresponding volume.

The radionuclides to be transported or extracted through a well will correspond to those in
the liquid phase and so, the concentration of radionuclides in the liquid phase will be:

CONC, = Amount / EPS * V * R

Where,

R: the retardation coefficient (R = 1 + rho * kd/theta)

theta: the effective porosity (-)
rho: the aquifer bulk density (kg/m3)
Kd : the solid to liquid distribution coefficient (mVkg)
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This approach is discussed and tested in Simón [1997].

The well or extraction point for water supply and irrigation is located in this first
compartment.

Processes like diffusion and dispersion are considered globally under the effective transfer
rate and adsorption/desorption under the retardation coeficient.

The transfer rate between compartments in the aquifer is calculated tlxrough the expression:

x

" *"" R * L * theta

Where:

Xgw : the groundwater transfer rate (y"!)
q : the Darcy velocity (m/y)

q = K * Ah
L : the length of the compartment (m)
K : is the hydraulic conductivity (10"4 m/s)
Ah : is the hydraulic gradient (2% )

* Irrigation

This is the source of contamination of soils. Section 4.2 discusses water necessities for
irrigated land.

The transfer rate is given by:

IRRI TOT*AF
A.irr=

Vwater

where,

IRRIJTOT : the irrigation rate (m3/m2/y)
AF: the soil surface where irrigation cultures are crop (rtr)
Vwater: effective volume of the zone of the aquifer where water is extracted by the

well (V * theta)

Contamination in crops due to direct irrigation is considered as a factor for crops
contamination calculations.
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* Infiltration/Percolation

The transfer rate by infiltration is given by:

RAINFALL + IRRI_ TOT - ETP

R[soil] *D__T* EPS * F__ THETA

where:

RAINFALL: the rainfall mean rate for the Mediterranean climate (m/y)
ETP : the mean evapotranspiration rate for the Mediterrranean climate (m/y)
R[soil] : the soil retardation coefficient (-)
D_T : the soil depth (m)
EPS : the total soil porosity (-)
FJTHETA : the soil moisture content (-)

The returns to the aquifer due to infiltrated water can be considered negligible compared
with the ground water content and so, the transfer rate by infiltration is considered just as a
loss of contamination in the soil.

* Capillary rise

The depth of the water table with respect to the surface soil (several meters) allows the
assumption that direct contamination to soil or crops by capillary rise is negligible.
Nevertheless, for the temperatures and evapotranspiration rates in this type of climate, this
source of contamination could be relevant for seminatural environments. See Simón
[1996a] for mathematical approaches.

^ Root uptake

This is one of the main process by which crops become contaminated. This process is a
function of several properties of soil, vegetation type and radionuclide compounds. The
approach in the end is to apply concentration factors between plant and soil based on
experimental and field data.

^ Rain splash

For 1-129 and Cl-36, it is considered as a minor contamination source for crops from the
soil. Contamination due to this process is represented by the amount of soil on the external
surface of crops.
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^ Evapotranspiration

This is not exactly a transport process and indeed is considered within the model by a factor
that influences the amount of water available when the transfer rates, eg by irrigation, is
developed.

(See RAINFALL, EVAPORATION and EVAPOTRANSPIRATION in Annex C)

* Resuspension/deposition

Several approaches can be found to represent this transport processes between soils and the
atmosphere. As discussed in Simón [1996a] and Venter [1998] this process is represented
through the use of an equivalent soil concentration or dust-loading relating the
concentration of a radionuclide in soil to that in air. This method implies that the
radionuclide is closely associated with the soil as it is the case for this application.

A dust loading factor is used directly in the dosimetric model to evaluate inhalation doses.

Dry deposition, wet deposition, washout and aerosol transport are considered in the
experimental data for dust-loading factors (See resuspension/deposition in Annex C).

^ Bioturbation,
Ploughing and,
Soil fertilisation

These processes will affect redistribution of contaminants (Bioturbation and Ploughing) or
the equilibrium (soil fertilisation) within the soil. The two first ones can be considered
when more than one layer of soil is considered but as long as in this case there is only one
soil layer and the homogenisation of distribution of radionuclides is already assumed as an
hypothesis of the compartment model, the effect of those processes are not going to be
modelled. Although fertilisation is a common practice in agricultural environments it is not
considered because this effect could reduce the availability of radionuclides in soil to be
incorporated by crops.

* Translocation

This process refers to the internal distribution of radionuclides within crops. Concentrations
in different parts of crops are usually considered through experimental factors.
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* Internal transfer within animals

(see transfer coefficients for animal products in Annex C)

^ Weathering

There is an effective loss of contamination due to for example, wind, rain, volatilisation,
etc. This process is considered through a loss rate.

* Seasonally

The variability in climate parameters can affect different properties in the elements of the
system, eg: groundwater flow, moisture content, etc.

Although consequences ofthat variation can affect the concentration of radionuclides in the
different media, seasonally is considered in the model through data values (appropiate
annual average values), and not by representing temporal variations within the model
parameters.

* Water supply

The rate of radionuclide transfer from the aquifer to the livestock:

4.5.3. Equilibrium Transport Processes

Next items in this chapter show the mathematical expressions for calculating concentrations
in the different components of the system and doses to humans.

a) Concentration in flora

The concentration in vegetables is due to the irrigation process as well as root uptake:

C vter INT IRRI TOT
C : + C i S + K)

where:

Cveg : the radionuclide concentration in vegetation, Bq kg "'
INT : the interception factor for each crop type (-)
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Yield : the yield factor for each crop type, kg m *2

X v e g : the looses of activity due to weathering and harvesting for each crop type (for
root vegetables only harvesting), y "'

Cwat is the radionuclide concentration in water (Bq/m3)
C soil : the radionuclide concentration in soil, Bq kg "' d.w.
S : the soil amount on external surfaces of the vegetables, except for root

vegetables (kg soil / kg edible crop)
K : the root concentration factor for each crop type (Bq/kg f.w)/(Bq/kg d.w.)

b) Concentration in animal products

The concentration in animal products is due to the ingestion of contaminated vegetable
products as well as contaminated water:

Cproä = Cwal * Ing_ wat * K_ prod

where:
Cwat is the radionuclide concentration in water (Bq/m3)
Ing_wat is the water consumption by the animal (mVd)
K_prod is the accumulation factor for each animal product (d/kg) or (d/m J)

c) Dose equations

cl) Consumption of Drinking Water

The effective dose to human cause by water intake is given by:

A™, =CHW I_w FILTER D,m

where:
Dwat is the committed individual effective dose by water ingestion (Sv/y)
I_w is the annual consumption rate of water by the critical individual (m3/y)
FILTER is the fraction of activity in the filtered water (-) (FILTER = 1 in this case,

unfiltered)
T)mG is the dose conversion factor for ingestion (Sv/Bq)

c2) Consumption of vegetables

The effective dose due to ingestion of vegetables is given by:

^veg = l-veg Keg ^ veg & ING
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where
Dveg is the committed individual effective dose due to ingestion of vegetables (Sv/y)
Ives is the annual intake rate of vegetables by the critical individual (kg/y)
Fve„ is the fraction retained on vegetables after food processing (-) (Fveg= 1 in this case)

c3) Consumption of animal products

^ prod = ^ prod * prod ^ ING

where
Dprod is the committed individual effective dose due to ingestion of animal products (Sv/y)
Iprod is the annual intake rate of animal products by the critical individual (kg/y)

c4) committed effective dose due to external irradiation

D =C O DF

where
Csoil is the radionuclide concentration in soil (Bq/kg)
Of is the occupancy rate for high dust area (farming activities) (-)
DFext is the dose conversion factor for external irradiation (Sv/y)/(Bq/kg)

c5) committed effective dose due to inhalation

Dinh=CsoUOfAfI_airDFinh

where

Csoi) is the radionuclide concentration in soil (Bq/kg)
Of is the occupancy rate for high dust area (-)
Af is the dust loading (kg/m3)
I_air is the inhalation rate (rn3/y)
DFinh is the dose conversion factor for inhalation (Sv/y)/(Bq/kg)

c6) committed effective dose due to dermal sorption

This dose has been considered not significant for this application and then has not been
included in the dosimetric model.
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Identify and describe parameters

From the above mathematical representations of transport processes and exposure
pathways, a set of parameters need to be identified and described.

The parameters identified are:

Darcy velocity
Effective porosity
Total porosity
Solid particle density
Dry-bulk density
Depth
Width
Length
Moisture content
Rainfall
Evaporation
Evapotranspiration
Soil-to-plant concentration factor
Transfer coefficient for animal products
Solid to liquid distribution coefficient
Resuspension/Deposition
Intake
Effective Dose
Committed effective dose

Annex C includes the description of these parameters.

4.6. STEP 6: TREATMENT OF DATA

Step 6.1 and 6.2 distinguish between parameter values from bibliography and parameter
values from the Assessment Context and System Description.

Step 6.1: Data coming from or compiling of parameter for processes

The radionuclides Cl-36 and 1-129 have been identified as the key ones for this application.
Element dependent parameters have been reviewed for these radionuclides for the selection
of the most appropriate values for the biosphere model. From the mathematical
formulations, several parameters have been identified for this review (see Annex E):
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* solid to liquid distribution coefficients (kds) for the soil type selected;
* interception factors for each crop type (INT)
* concentration factors for crops and pasture (K)
* transfer coefficients for animal products (milk, meat, eggs)
* weathering loses, translocation fractions

Dose conversion factors for inhalation and ingestion come from IAEA [1996] and external
irradiation from Ashton and Sumerling [1988].

Step 6.2: Data coming from the Biosphere System Description and Assessment
Context

The parameter values given in the description of the system (biotic and abiotic
characteristics) as well as the information specified for the critical group is reviewed in
light of the mathematical modelling approach to be used. New data related to those given in
the description have been identified and reviewed from the literature to meet the analytical
requirements. From the information about the hypothetical critical group diet and the crops
density, it is possible to estimate the soil area needed by a critical individual for cultivation
(see table 2 in Section 4.2). In order to be conservative, all the area is assumed to be
irrigated. However, the percentage of soil uses typical for Spain is given in Table E.23 of
Annex E [GOURMET, 1996].

On the other hand, from the review of data for the different food types defined initially for
the critical group, a lack of data for some of them is found. Consumption of fruit tress
(citrus, olives, etc) have not been considered.

Step 6.3 Data elicitation

The selection of a specific value or PDF for each of the parameters identified is in many
times the most controversial task to do in the modelling phase. Even more, in many
occasions the mathematical expression finally used depends upon the data available.

Data elicitation processes for assigning probabilistic distribution functions are being
reviewed by BIOMASS Theme 1 Task Group 2. Herein is included the main steps of one of
the protocols mentioned in BIOMASS [1997], are:

Introduction: To set the scene of the experts and provides some training.
Motivation: To establish each person's expertise, and to minimise potential motivational
biases.
Structuring: To define the quantity to be elicited and to identify the factors that can affect
the value of the quantity.
Encoding: To assess a cumulative probabilistic distribution for the uncertain quantity.

Annex D shows how to follow the procedure and Annex E contains the detailed information
about quantitative values found for each parameter. Expert judgement treats to be
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systematic using a protocol. For the scope of this application and the reduced information
about the experimental and field conditions under which the parameters values have been
obtained, a simplification in the procedure has been done to structure the information
available and to assign PDF (steps 3 and 4 of the protocol respectively).

The result of the elicitation process is shown in the next tables where data, as PDF or best
estimate value are recommended.

Parameter

Distribution coefficients for
sandy-loam soil (m3/kg d.w of
soil)

Soil-to-plant transfer factor for
GREEN vegetables (Bq/kg f.w
crop)/(Bq/kg d.w. soil)
Soil-to-plant transfer factor for
ROOT vegetables (Bq/kg f.w
crop)/(Bq/kg d.w. soil)
Soil-to-plant transfer factor for
GRAIN vegetables (Bq/kg f.w
crop)/(Bq/kg d.w. soil)
Transfer coefficients Fm for cow
milk (d/m3)

Transfer coefficients Fm for cow
beef(d/kg)

Element

I

Cl
I

Cl
I

Cl
I

Cl
I

Cl
I

Cl

Best estimate

1.48E-3

4E-4
8.E-2

l.E+1
8.7E-2

11.05
0.32

37.5
6.5

27
2.4E-2

3.1E-2

Range of values

4E-6 - 8.5E-2

0.0 -8E-4

4.7E-2 - 9.3E-1

6.93 - 14.7
0.05-2

1-35

15-50
7.0E-3 - 5.E-2

1.6E-2-3.1E-2

Type of distribution of
probabilities

Truncated Gaussian
(|i = 1.48E-3, cr = 5.08E-2)

Uniform

Triangular

Triangular
Triangular

Triangular

Triangular
Triangular

Triangular

Table 7. Parameter values from the elicitation process

Parameter
Interception factor for grain

Interception factor for roots

Interception factor for Leafy
vegetables

Element
I

Cl
I

Cl
I

Cl

Best estimate
2.8E-1

8.8E-2
7.4E-2

1.9E-1
6.1E-1

1.9E-1

Table 8. Interception factors from the elicitation process
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Information source
Ashton and Sumerling (1988)

Product
Grain
legum vegetables
leafy vegetables

Adhering soil
1E-1
1
1

Table 9. Soil adhesion (g d.w. soil / kg d.w. plant)

Darcy velocity
Hydraulic conductivity
Hydraulic gradient
Length
Density

lE-4m/s
2%
3000 m
2630 kg/m3

Table 10. Aquifer description

Depth of soil
Dry bulk density
Moisture content*
Effective Porosity

Amount
0.25 m
1.29 g/cm3

0.4
0.51

Table 11. Edaphic characteristics [MICE, 1996]

Crop
Grain
Potatoe
Leafy vegetables

Amount
4492
22258
24537

Table 12. Yield of crops (Kg/Ha) [GOURMET,!996]

Animal

Cow for meat
Cow for milk

Consumption of soil
(Kg d •' f.w )

0.6
0.7

Consumption of
drinking water

(m3 d -1)
0.03
0.07

Table 13. Animal Consumption rates [Ashton and Sumerling, 1988]

Occupancy rate for
farming activities (y/y)
3.4 E-2

Dust loading
(kg/m3)

1E-5

Table 14. Occupancy rate and dust loading for the critical individual [BIOMOVS,
1996b].

' Based on Ashton and Sumerling, 1988
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4.7. STEP 7: IMPLEMENTATION OF THE MODEL IN THE CODE.

The conceptual model developed under Step 4 needs to be solved quantitatively. Amber
code allows solving the kind of mathematical formulations given from Step 5 with the use
of the values elicited under Step 6. The current available version of the code is Amber
V4.0Pre.

The model implemented in the code represents at a time: (i) the simulation of the transport
of radionuclides through the aquifer and (ii) the transport through the rest of the system.
The number of compartments used to represent adequately the aquifer is twenty five,
consistent with the aquifer length. The rest of compartments represent the soil and the zone
representing the losses outside the system, called in the model, "sink". Figure 2 shows the
compartmental model implemented in Amber.

Amber allows for calculating concentration in products (vegetables and animals) and doses
by means of algebraic equations.

Fis Edit fiesu'is OpSio
j ' ' " " ' ^ ; "

•;a=b/t

Figure 2. Representation of the compartmental model implemented in Amber for the
application.
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Radionuclide transport through the aquifer is due to advective and diffusive flows. Data
only for the first one have been given. The transport equation is generally solved for the
estimation of concentrations. The approach here used is a simulation of the advective flow
by means of compartments. The aquifer is considered to be divided into a set of zones, each
of them with homogeneous characteristics. The number of zones, and in consequence the
length of the compartments, have been calibrated by comparison of results with another
code, SACO [1996], which solved the transport equation. From some previous tests, it was
derived that in case of no consideration of the dispersion term, the higher the number of
compartments, the closer the results are. In this same test, it was seen that the length of
compartments could be the same whenever the dispersive term in neglected.

The results, hence, obtained with the compartmental approach are in good agreement with
the obtained with SACO code, in terms of flux of radionuclides as well as concentration in
the aquifer. The studies radionuclides are very mobile and their transit time through the
aquifer is high enough for not to able to appreciate, with the time intervals concerned,
significant differences in the time of maximum concentrations.

4.8. STEP 8: PRESENTATION OF RESULTS.

Two different executions have been performed with Amber, the first one is a deterministic
calculation with best estimate values for the parameters considered within the model and,
the second one is a probabilistic calculation using distribution functions for same of the
parameters considered.

Deterministic case

Section 4.7 contains a summary and discussion for the values assigned to the parameters
considered in this application. For some parameters the values assigned are best estimations
and ranges of variability while for others only single values are assigned.

The deterministic case only considers those best estimate or single values from Table 7 to
Table 14 from Section 4.7.

Table F.I and Table F.2 of Annex F contain concentration values for Cl-36 and 1-129 in the
first aquifer compartment and in the soil compartment respectively. Table 15 shown
following contains highest concentration values in both compartments for both
radionuclides and their corresponding times of occurrence.
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Radionuclide concentration in the
Aquifer 1
(Bq / m3)

Radionuclide concentration in Soil
(Bq/kg)

Cl-36
(Time 8.5 10 4 year)

5.56 10 1

2.0 10 "2

1-129
(Time 7. 10s year)

3.76 10 1

1.58 10"2

Table 15. Highest concentration values for Cl-36 and 1-129 in the first aquifer
compartment and in soil.

Figure 3 shows effective doses curves due to Cl-36,1-129 and the total sum of both doses.
Table 16 shows the maximum values obtained and the corresponding times for the peaks.
Table 17 shows the partial contribution of each pathway to the final dose for Cl-36 and I-
129.

.amoer - nopozosinK.cse
Fife Eds "Results Options Windows' Fort Help

. i i í?- ' Jf '.ill '•' ' -~r«: _AT* _;.--! ET",

K [ 1 5 ] Line: nonozosink.cse
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Total effective doss
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Figure 3. Total effective dose (Sv/y) and Cl-36 and 1-129 contributions to the total dose for the
deterministic case.
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Maximum effective dose
(Sv/y)
Maximum effective dose for
ingestion (Sv/y)
Maximum effective dose for
inhalation (Sv/y)
Maximum effective dose for
external irradiation (Sv/y)

Cl-36
(Time 8.5 104 year)

3.7 10"7

3.7 10"7

4.2 10-13

4.8 10-17

1-129
(Time 7. 105 year)

2.0 10-5

2.0 10 ^

1.4 10-11

2.0 10-11

Table 16. Maximun values for Cl-36 and 1-129 dose values.

Tables F.3 and F.4 of Annex F contain effective dose values by the different pathways
versus time.

Grain
Green
Roots
Meat
Milk
Water
Ingestion

Contribution to the dose Sv/y

Cl-36 (8.5E4 y)
1.20E-07
2.80E-08
1.70E-07
3.70E-09
1.10E-08
3.80E-08
3J0E-07

1-129 (7E5 y)
8.80E-06
2.70E-06
4.90E-06
2.40E-07
2.10E-07
3.00E-06
2.00E-05

Contribution in
percentage (%)

Cl-36
32

8
46

1
3

10
100

1-129
44
14
25

1
1

15
100

Table 17. Contribution of each ingestion pathway to the effective dose due to
ingestion, for each radionuclide.

The contribution to the total dose by ingestion of vegetables is for both radionuclides
considerable greater, 86 % for Cl-36 and 83% for 1-129, than the contribution by direct
ingestion of contaminated water, 10% for Cl-36 and 15% for 1-129.

The concentration in food products and hence the contribution to the dose is due to the
radionuclide interception from irrigation by contaminated water and the root uptake of
radionuclides in soil. In the case of ingestion of roots, grain, and green vegetables, the
contribution of the intercepted irrigating water is higher than the root uptake contribution.
However, for Cl-36 and green vegetables, the amount of contamination coming from the
soil through root uptake is the same order as the amount coming from the intercepted
irrigation, as this radionuclide is highly taken up by the plant.
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Probabilistic case

Some of the parameters considered for the application have associated a variation range of
values according with the experimental information available. Table 7 of section 4.7
contains those parameters for which an associated range of values is defined. The
distribution function type has been assigned considering the data available.

For those parameters the distribution functions and range of values jointly with the best
estimate value have been implemented in Amber to produce a new set of results. A total of
100 runs have been performed to allow for estimation of mean and standard deviation
values, confidence limits of the mean and, minimum and maximum values. Probabilistic
result values for doses and parameters sampled values from Amber have been introduced in
the PCCSRC [1985] programme to obtain Partial Correlation Coefficients and Standard
Regression Coefficient between input parameters and output doses. Those PC and SR
Coefficients show the degree of lineal dependence and the importance of the different
parameters with respect to the dose obtained.

Tables F.5 to F.I 1 in Annex F show the statistics for the radionuclides concentrations in the
aquifer, soil, the effective dose for each radionuclide and the total effective dose versus
time. Figure 4 shows the mean effective dosé for Cl-36, with the lower and upper 95 %
gaussian confidence limits of the mean. The mean dose shows for this element good
agreement with the calculated for the deterministic case: probabilistic mean dose for the
peak value is 4 10"7 Sv/y.

Fie EA ResuSs Optant WWows FonS

£5121 Confidence Limits : kd piob.cse

Mean of effective tíose (Cl-36) and 95% Gaussian Limits
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1&007-

1E-008
1000 10000 100D0O 1E-00B

Tims (fears)

amberV4.0pre7

Figure 4. Mean dose for Cl-36 and the 95% Gaussian Confidence Limits of the Mean (Sv/y).
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Figure 5. Mean dose for 1-129 and the 95% Gaussian Confldence Limits of the Mean (Sv/y).

Figure 5 shows the mean effective dose for 1-129, with the confidence limits of the mean.
Table 18 shows the statistics for the peak value of dose.

In the case of 1-129, the peak of mean dose (2.94 10"4 Sv/y) is, in the probabilistic case,
higher than the peak reached in the deterministic case (2.0 10~5 Sv/y). The order of
magnitude in difference comes from the combination of different sampled parameter
values, that for the case of Iodine, present for most of them a wide range of variability.

Cl-36
1-129
Total

Mean
4. 10 -1

2.94 10 A

2.94 10 A

Lower CL
3.68 10 "7

2.24 10 ̂
2.24 10 A

Upper CL
4.3 10 -1

3.64 10 ̂
3.64 10 ̂

STD
1.17 10 -1

2.53 10"
2.53 10^

Minimum
2.57 10 -7

2.01 10 •"
2.01 10 A

Maximum
6.26 10 -1

1.02 10 "3

1.02 10-3

Table 18. Mean, lower and upper gaussian confidence limits of the mean, standard
deviation of the mean and minimum and maximum values for the effective dose(Sv/y)

for Cl-36,1-129 and sum over them.
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Partial Correlation and Standard Regression Coefficients of parameter sampled are shown
in Table 19. The coefficient values change as a function of time, up to 20000 years Cl-36
dominates the total dose and then the "Distribution coefficient in soil for Chlorine" is the
most important parameter with a PCC of 0.98. The rest of PCC values are much lower than
that.

After 20000 years to 106 years the total dose is dominated by the 1-129 radionuclide and for
that period the "Distribution coefficient in soil for Iodine" appears as the most important
parameter with a PCC of 0.93 followed by the "Soil to plant transfer factor for Grain" with
a PCC of 0.74 and the "Soil to plant transfer factor for Root vegetables" with a PCC of
0.34. (Note that statistical estimations can only be done over the sampled parameters).

Transfer factors for milk and meat products have a very low weight in the total dose. PCC
values vary from positive to negative values but they are fluctuating around the zero value,
what can be interpreted as a very low influence on the total dose.

PCC

SRC

Time ranges

10 3 -2 104

2 104-106

10 3 -2 104

2 104- 106

Distribution
Coefficient for

Soil

Cl-36 | 1-129
0.98 10.15
0.11 ! 0.93
0.98 10.03
0.04 10.85

Soil to Plant
transfer

factor for
Grain
1-129
0.02
0.74
0.0
0.35

Soil to Plant
transfer factor

for Root
vegetables

Cl-36 i I-129
0.16 10.03
0.15 ! 0.34
0.03 ! 0.01
0.05 10.12

Transfer
factor to milk

CI-36 i I-129
0.07 10.06
0.04 ¡0.07
0.01 j 0.01
0.01 10.02

Transfer
factor to meat

CI-36 i I-129
0.11 1-0.01
-0.1 1-0.01
0.02 lo.O
-0.03 10.0

Table 19. PCC and SRC corresponding to sampled parameter values and the Total
Dose output values (100 runs with Amber) and obtained with the PCCSRC program.

The regression coefficient (R2) values are 0.96 for (103 - 2 104) period and 0.90 for (2 104 -
106) period, showing in both temporal periods a good agreement between the lineal
regression model and the model implemented in the code.

The "Distribution coefficients, Kd" presents the highest correlation and hence the highest
influence in the final doses for both radionuclides. To analyse the influence of this
parameter on the dose in great detail, the scatter of kd for Cl-36 versus the effective dose
for this radionucldie has been graphed in Figure 6 and the scatter of kd for 1-129 versus the
effective dose for this radionucldie has been graphed in Figure 7.

The Cl-36 plot shows a clear lineal dependency but with a low pendent what means that big
changes in Kd (Cl-36) produces only slight changes in the final dose for Cl-36.
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The 1-129 plot shows that for low values of Kd (from 1CT6 to IGT3 m3/kg) the effective dose
does not vary significantly when the Kd for 1-129 does (low dependency). But, for Kd
values between 10~3 to 1CT1 m3/kg, the dose shows high sensitivity to small variations in kd.
For further assessments, the range of values to be considered from the point of view of the
consequences could be narrower.

If the interception factor had been considered as a sampled parameter, high PCC had been
reached due to the relevance explained in analysing the results presented in Table 17.

5. CONCLUSIONS OF THE ASSESSMENT

» 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 ENRESA [1997]
document, the generic Mediterranean system description [MICE] 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.

• The model developed here for migration and accumulation 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 applied. 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.

• Non conservative assumptions within the model have been the consideration of pasture
consumption by livestock that it is not irrigated with contaminated water as it is the
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usual practice and, not to consider fruits consumption due to the lack of radionuclide
transfer data. (BIOMAS S Programme supports at present within the Theme 3 a Fruits
Working Group to specifically treat these factors).

The interaction matrix method used to develop the conceptual model from a list of FEPs
is clear and straightforward, although the matrix building process suggested needs
further iteration to ensure consistency with the final "biosphere system" to be modelled
and to allow for incorporation as many FEPs selected as possible.

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 treated as an
uncertain one, the results from an uncertainty analysis had been very interesting. What it
is recommended for next iteration. The modelling ofthat type of interface and other type
of possible interfaces should be considered in great detail for further applications as well.

Probabilistic results imply an uncertainty of one order of magnitude taking into account
that only nine parameters has 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 had became 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 varying every parameter considered.

The results for 1-129 and Cl-36 show that, for these two radionuclides, some exposure
pathways are not at all significant, particularly external irradiation and inhalation. So
long as these radionuclides remain as the most significant, then this has implications for
the direction of supportive radio-ecological research and detailed model development.
For example, more data for Cl-36 behaviour in biosphere systems would be useful, but
further information about how Cl-36 can be incorporated into the breathable atmosphere
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is not required. Of course, other radionucldies may be important given other scenarios
for the near field and geosphere. More generally, it can be noted that where data are
poor, then the requirement for improvement does not necessarily arise with respect to all
radionuclides, only to those specifically identified as important for a particular
transport/exposure pathway.

It would be useful to develop a better knowledge base for modelling assumptions about
how plants interact with contaminants for different irrigation methods.

6. COMPARISON BETWEEN THE APPLICATION AND THE
ENRESA [1997] RESULTS.

The first aspect to be compared is the geosphere-biosphere interface modelling. In
ENRESA [1997], a surface well model was developed to estimate the concentration of
radionuclides in the water extracted from the contaminated surface aquifer. The
concentration in the well water is taken to be:

WELL

Where FCAP is the fraction of the released activity by the geosphere pathway captured by
the surface well (-); QWELL is the volumetric flow extracted through the surface well (= 1600
m3/y); and RB (t) is the activity of a radionuclide discharged through the geosphere
pathway (Bq/y).

FCAP reaches an average value of captured activity about 2.5%. Hence the flux of activity
to the interface (RB) is diluted in an equivalent aquifer flux of 64000 mVy.

In section 4.5 of this document, the approach for the aquifer model has been discussed. The
aquifer has been represented through a set of identical and contiguous compartments in the
main flow direction. Radionuclides from the geosphere (Bq/y) come into the first
compartment and are diluted homogeneously in the corresponding volume. The resulting
activity (Amount) in each compartment is the result of solving the differential equations
established for the model:

= -K,2 A(t) - K A{t) - Xr A{t) + RB{t)
ä

where,

A(t), is the activity in the first compartment of the aquifer (Bq),
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À,aq2, is the transfer rate to the next compartment of the aquifer (y"1),
Xs, is the transfer rate to soil through the well (y"1),
XT, is the decay constant (y"1) and,
RB(t), is the source term to the aquifer from the geosphere (Bq/y)

In stationary conditions:

and to calculate the concentration C(t) (Bq/m3):

C(t) = A(t) / V * theta* R = RB(t) / (Xaq2+ Xs +Xr) V * thêta* R

For each radionuclide, the factor V*theta*R, taking the mean value for R, are: 13966 m3 for
Cl-36 and 40000 m3 for 1-129. (X,q2+Xs+XT) is 0,718 for Cl-36 and 0,294 for 1129. The flux
of activity to the interface (RB) is diluted in an equivalent aquifer flux of 10027 m3/y for
Cl-36 and 11760 m3/y for 1129. A difference in a factor of around 6 times the one obtained
inENRESA[1997].

ENRESA [1997] model assumes only one vegetables type, which contributes to the final
dose due to interception of the irrigating water is 57 % (Cuadro 2, pagl65, [ENRESA,
1997]). In this application, three different vegetables types have been considered: green,
grain and roots vegetables, and the contribution to the total dose for each radionuclide,
summed over them, results in about 80 %.

Pasture has been assumed to be irrigated with contaminated water in the ENRESA [1997]
model, resulting in a contribution due to ingestion of meat and milk about 30 % of the total
dose (dominated by 1-129) (Cuadro 2, pagl65, [ENRESA, 1997]). No irrigation of pasture
has been considered in this application. So, that contribution to the dose has not been taken
into account. The dose due to ingestion of meat and milk is only due to the ingestion of
contaminated water by the cows. Consideration of pasture irrigation would result in higher
doses for ingestion of meat and milk, increasing in around one order both doses for
Chlorine and Iodine.

Data values for consumption rates of the critical individual, as well as data for transfer rates
are not available in ENRESA [1997] and then no quantitative comparison can be made
herein.

Table 20 contains the peak doses for Cl-36 and 1-129 obtained in ENRESA [1997] and the
peak doses obtained in this application for the deterministic case and the mean values at the
peak for the probabilistic case. In the light of the discussion above, differences can come
mainly due to differences in parameter values considered in one and other models.
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Radionuclide

Cl-36
1-129

Reference Scenario
[ENKESA, 1997]

1.47 10 "7

2.35 10 •*

Deterministic case
(present application)

3.7 1CT7

2.0 10~5

Probabilistic case
(present application)

4. 10 "
2.94 10 -*

Tabla 20. Peaks of maximum effective dose (Sv/y) for ENRESA [1997] and present application.

Figure 8 is included here for comparison with Figure 3 for the deterministic results and
Figures 4 and 5 for the probabilistic results.
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ANNEX A: Mediterranean Biosphere System Description

The biosphere system description

The system description is 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 ofthat 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.
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iii) 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, on 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 (lentils, 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 water1. 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 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. The
members of the critical group are assumed to consume all the foods mentioned and that the
food is produced in the contaminated area. This can result in a pessimistic case as it is
assumed that the critical group receives the highest doses. Individual food consumption
rates are given in Table A. 1.

1 It 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

Oil

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

1/y

1/y

1/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 A.I.- Annual Individual Consumption Rates in the European Community in the
Mediterranean Countries. [TARRAS, 1992]
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Practical Reference System 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].

Mean annual rainfall rate
Mean annual evapotranspiration rate
Mean annual surface run-off

614 mm (400- 1900 mm)
442 mm (362 - 497 mm)
117-270 mm

Table A.2 Climatic characteristics

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 soil developed in the region is a red soil (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

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 MICE [1996].

References of Annex A

Desmet G, Sinnaeve J (1992). Evaluation of Data on the Transfer of Radionuclides in the
Food Chain. Post-Chernobyl action. Radiation Protection. CEC. Report EUR 12550 EN.
Luxembourg.

Gössele P et al. (1994). Long Term Investigation of Selected Landfill Sites in the EC. Final
Report. Commission of the European Communities. STEP CT 90-0070-DSCN. Berlin.

ITGE (1993). Síntesis del Medio Ambiente en España durante los últimos millones de años.
Contrato CEC FI2W-CT91-0075. INFORME TEMÁTICO. Instituto Tecnológico
Geominero de España. Octubre, 1993.

MICE (1996). An attempt to Define some Reference Biospheres Representative of the
Long-Term in the Context of the safety Assessment of Radioactive Waste Disposal.
A.Agüero et al. Final report, July 1996. CIEMAT/IMA/PIRA/11/96.

TARRAS (1992). Transferencia de radionucleidos vertidos en accidentes en sistemas
agrícolas (Proyecto TARRAS). Informe final enviado a la CEE.
CIEMAT/IMA/UCRE/11/92. Junio 1992.

Trewartha, (1968). An Introduction to Climate, 4th Edition, McGraw Hill.

A.5





ANNEX B: SCREENING OF FEPS FROM THE
INTERNATIONAL BIOSPHERIC
FEPLIST.

Table B.I from this Annex contains the International Biospheric FEPList with the first
screening with decisions for exclusion of some FEPs based on the assessment context and
the system description established in the main text.

Table B.2 and the rest of the Annex contain the International Biospheric FEPList from
BIOMOVS II Project. The FEPs from that List have the description (D) and the comments
(C) produced in the Reference Biospheres Working group [BIOMOVS, 1996].

FEP-code

l.
1.1.
1.1.1.

1.1.2.

1.1.2.1.

1.1.2.2.

1.1.2.3.
1.1.2.4.
1.1.2.5.
1.1.2.6.
1.1.2.7.
1.1.2.8.
1.1.2.9.
1.1.3.

1.1.4.

1.2.
1.2.1.

1.2.2.

1.2.2.1.

1.2.2.1.1

1.2.2.1.2
1.2.2.2.
1.2.2.3.

FEP-NAME

Features
Assessment context
Assessment purpose

Assessment endpoints

Annual individual dose

Annual individual risk

Lifetime individual dose
Lifetime individual risk
Collective dose
Collective risk
Dose to biota other than man
Radionuclide concentration in the environment
Other assessment endpoints
Repository type

Site context

Source term
Geosphere/biosphere interface

Release mechanism

Groundwater release

Geosphere aquifer discharge

Extraction via well into geosphere aquifer
Gaseous release
Solid materia! release

Considered

Y
Y
Y

Y

Y

N

N
N
N
N
N
Y
N
Y

Y

Y
Y

Y

Y

N

Y
N
N

Comments relating to trial
application

Affects objectives for modelling
Multiple: (1) to demonstrate how safe the
system is; and (2) a first step to integrate the
biosphere in the PA-AGP.
Defines radiological and other quantities that
have to be calculated
Primary safety indicator required to be
assessed by international recommendations.
For internal exposure corresponds to the
committed effective dose to 50 years from an
intake of a year (1CPR 60 definition)
Not included in the assessment context, which
is limited to calculating doses from gradual
releases from the geosphere in groundwater.
Not included in trial application
Not included in trial application
Not included in trial application
Not included in trial application
Not included in tria] application
Required for the end-point selected.
Not included in trial application
Deep repository for spent fuel from the
Spanish nuclear power plants,
decommissioning materials and small
quantities of vitrified wastes.
Granite rock overlaing by an aquifer in a
highly fractured and diaclased area.

Affects exposure pathways and release
mechanisms. Release from geosphere into a
near-surface aquifer.
Affects release medium and exposure
pathways.
Assessment context limits release to a deep
well in a surface aquifer
Surface water bodies not considered in the
system.
Covered by 1.2.2.1
Not included in the assessment context
Not included in the assessment context
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1.2.3.
1.2.3.1.

1.2.3.2.

1.2.3.3.
1.3.

1.3.1.

1.3.1.1

1.3.1.2

1.3.2.
1.3.2.1
1.3.2.1.1
1.3.2.1.2
1.3.2.1.3
1.3.2.2.
1.3.2.3.

1.3.3.

2.
2.1.
2.1.1.
2.1.1.1.
2.1.1.1.1.
2.1.1.1.1.1.
2.1.1.1.2.

2.1.1.1.2.1.

2.1.1.1.2.2.

2.1.1.1.2.3.

2.1.1.1.3.

2.1.1.1.3.1.

2.1.1.1.3.2.

2.1.1.2.
2.1.2.
2.1.2.1.
2.1.2.1.1.
2.1.2.1.2.
2.1.2.1.3.
2.1.2.2.

2.1.2.2.1.
2.1.2.2.2.
2.1.2.3.
2.1.2.3.1.
2.1.2.3.2.
2.1.2.3.3.

Source term characteristics
Source term radionuclide content

Properties of the ground water plume

Source term content of other hazardous materials
Basic system description

General climate description

Differentiation of climate categories

Description of climate change

General biosphere system description
Environments
Natural and semi-natural
Agricultural
Urban and industrial
Principal systems of exchange
Environmental components

General human society description

Events & processes
Natural events and processes
Environmental evolution
Environmental dvnamics
Seasonality
Effects of seasonality on food chain
Chemical changes

Alcalinisation

Chemical changes caused by micro-organism

Chemical changes caused by plants

Physical changes

Soil conversion

Erosion (wind, water, floods)

Climate-driven changes
Radionuclide transport
Atmospheric transport processes
Gas transport
Aerosol transport
Burning
Surface water aqueous transport processes

Transport by surface run-off
Transport in water bodies
Porous media aqueous transport processes
Percolation

Capillary rise
Groundwater transport

Y
Y

Y

N
Y

Y

N

N

Y
Y
N
Y
N
Y
Y

Y

Y
Y
N
Y
Y
Y
N

N

N

N

N

N

N

N
Y
Y
N
N
N
N

N
N
Y
Y
Y
Y

From the radionuclides released to the
interface and the radionuclides contributing
more to the final dose, 1-129 and Cl-36 will be
chosen for the assessment
The release to the geo-biosphere interface
starts around 2000 years and follows after 1
million years
Not included in the assessment context
Affect how biosphere system might change
and impacts on radionuclide transport
Affects a range of biosphere processes.
Mediterrean or dry-summer subtropical
climate.
Only present day climate considered in the
Assessment context
As stated in the assessment context the
biosphere and climate are considered as they
are now and remain constant with time.

Not included in the system description
Included in the system description
Not included in the assessment context
Affects contaminant transport processes
Affects contaminant behaviour and transfer
pathways
Affects hypothetical exposure groups
description. Present day behaviour associated
with current fanning practice

Not included in the assessment context

Assumed constant equilibrium farming
according to assessment context
Assumed constant equilibrium farming
according to assessment context
Assumed constant equilibrium fanning
according to assessment context
Assumed constant equilibrium farming
according to assessment context
No mechanisms considered for physical
changes.
Not included according to assessment context
and system description
Not included according to the system
description
Assessment context assumed constant climate

Not considered in this application
Not considered in this application
Not considered in this application
Non surface water body considered in the
system description
Not considered in this application
No water bodies
Affects migration and accumulation
Affects migration and accumulation

Affects migration and accumulation in the
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2.1.2.3.4.
2.1.2.3.5.
2.1.2.3.6.

2.1.2.3.6.1.
2.1.2.3.6.2.

2.1.2.4.

2.1.2.5.
2.1.2.5.1.
2.1.2.5.2.

2.1.2.5.3.
2.1.2.5.4.
2.1.2.5.4.1.

2.1.2.5.4.2.

2.1.2.5.4.3.
2.1.2.5.4.4.
2.1.2.5.4.5.
2.1.2.7.
2.1.2.7.1.
2.1.2.7.2.
2.1.2.7.3.
2.1.3.
2.1.3.1.
2.1.3.1.1.
2.1.3.1.2.
2.1.3.2.
2.1.3.2.1.
2.1.3.2.2.
2.1.3.2.3.
2.1.3.2.4.
2.1.3.2.5.
2.1.3.2.6.

2.1.3.2.7.
2.1.4.
2.1.4.1.
2.1.4.1.1.
2.1.4.2.
2.1.4.2.1.
2.2.
2.2.1.

2.2.1.1.

2.2.1.1.1.

2.2.2.
2.2.2.1.
2.2.2.2.

2.2.2.3.

Diffusion/dispersion
Infiltration
Dual flow systems and matrix diffusion

Transport of suspended sediments
Transport of colloids

Transport processes between surface waters and
porous media
Solid phase transport
Resuspension/deposition
Land slides

Rock falls
Solid phase transport by water
Sediment resuspension

Sedimentation

Rain splash
Washout
Wet deposition
Transport mediated by flora and fauna
Root uptake
Bioturbation
Intake by animals
Processes affecting radionuclide concentrations
Chemical reactions
Dissolution/precipitation
Adsorption/desorption
Physical processes
Water discharge
Water recharge
Rainfall
Evaporation
Evapotranspiration
Snowfall

Weathering
Radionuclide metabolism
Crops and natural/seminatural flora
Translocation
Livestock and natural/seminatural fauna
Internal transfer within animals
Events and processes related to human activity
Chemical changes by human action

Chemical polution

Acid rain

Physical changes by human action
Human effects on water potentials
Dam building

Land reclamation

Y
Y
N

N
N

N

Y
Y
N

N
Y
N

N

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
N

Y
Y
Y
Y
Y
Y
Y
N

N

N

N
N
N

N

geo-biosphere interface
Affects migration and accumulation
Affects migration and accumulation
Combined flow of different fluids and/or
gases. No gas transport considered in the
assessment context
No water bodies considered
Affects migration and accumulation, however,
no information is given in the system
description.
No water bodies considered

Affects migration and accumulation
Affects migration and accumulation
Transport of solid material by land slides. Not
considered significant for site context
Not considered significant for site context
Affects migration and accumulation
No sediment included in the system
description
No sediment included in the system
description
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects contaminant availability
Affects contaminant availability
Affects contaminant availability
Affects properties of compartments
Not considered in the system description
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Not significant for the climate considered.
However, include snowfall in total
precipitation figure
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Affects migration and accumulation
Assumed constant equilibrium farming
practices consistent with Assessment Context
Assumed constant equilibrium farming
practices consistent with Assessment Context
Assumed constant equilibrium farming
practices consistent with Assessment Context
No change assumed.
No change assumed
Could be included as affects re-distribution of
contaminants. It is not considered as a practice
of the critical individual
Could be included as affects re-distribution of
contaminants. It is not considered as a practice
of the critical individual
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2.2.3.

2.2.3.1.

2.2.3.2.

2.2.3.3.
2.2.4.
2.2.4.1.

2.2.4.1.1.
2.2.4.1.2.

2.2.4.2.
2.2.4.3.
2.2.4.4.
2.2.4.4.1.
2.2.4.4.2.

2.3.
2.3.1.
2.3.1.1.
2.3.1.2.

2.3.1.3.

2.3.1.3.1.

2.3.1.3.2.

2.3.1.3.3.

2.3.1.3.4.

2.3.1.4.
2.3.1.5.

2.3.2.
2.3.3.
2.3.3.1.
2.3.3.1.1.
2.3.3.1.2.
2.3.3.1.3.

Recycling of materials and mixing by human action

Ploughing

Recycling of solid materials

Soil fertilization
Radionuclide transport mediated by human action
Water extraction

Well supply
Irrigation

Water recharge
Artificial mixing of lakes
Solid material transport
Dredging of sediments to soil
Earth works

Events and processes related to human exposure
Human habits
Resource usage
Storage of products

Air, water and food processing

Water filtration

Air filtration

Food processing

Ventilation

Location/shielding factors
Diet

External irradiation processes
Internal exposure processes
Intake
Inhalation
Ingestion
Dermal absorption

Y

Y

N

N
Y
Y

Y
Y

N
N
N
N
N

Y
Y
Y
N

N

N

N

N

N

Y
Y

Y
Y
Y
Y
Y
Y

Could be included as affects re-distribution of
contaminants. It is considered as a practice of
the critical individual
Affects mixing and re-distribution of
radionuclides
Affects re-distribution of radionuclides.
However, it is not considered as a practice of
the critical individual
According to the critical group definition

Part of main assessment context. Affects
contaminant transport
Included in the assessment context
Included in the assessment context and critical
group habits
No by human action
Not considered in the system description
Not considered in the system description
No sediments in the system description
Not explicitly mentioned for the critical group
activities

Given for the critical group
Given for the critical group
Mechanism for changing contaminant
concentration, eg prior to consumption. Only
relevant for some very mobile radinuclides, or
in case of decay chain nuclides where the half-
lives are comparable with storage times. Not
explicitly defined for the critical group habits
Mechanism for changing contaminant
concentrations. Not explicitly defined for the
critical group habits
Mechanism for changing contaminant
concentrations. Not explicitly defined for the
critical group habits
Mechanism for changing contaminant
concentrations. Not explicitly defined for the
critical group habits
Mechanism for changing contaminant
concentrations. Not explicitly defined for the
critical group habits
Affects exposure. Not explicitly defined for
the critical group habits
Affects exposure
Affects exposure but also the modelling of
radionuclide migration must match the diet
assumed.
Exposure mode for some radionuclides
Exposure mode for some radionuclides
Exposure mode for some radionuclides
Exposure mode for some radionuclides
Exposure mode for some radionuclides
Exposure mode for some radionuclides

Table B.I. Screening of FEPs from the International BIOMOVS II FEPList.
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International Biosphere FEPList from BIOMVS II
1 FEATURES

1.1

1.2

1.3

Assessment Context
1.1.1
1.1.2
1.1.3
1.1.4
Source
1.2.1
1.2.2
1.2.3

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

Basic System Description
1.3.1
1.3.2
1.3.3

2 EVENTS &
2.1

2.2

2.3

General Climate Description
General Biosphere System Description
General Human Society Description

PROCESSES
Natural Events and Processes
2.1.1

2.1.2

2.1.3

2.1.4

Events
2.2.1
2.2.2
2.2.3
2.2.4
Events
2.3.1

2.3.2
2.3.3

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

Table B.2: Structure of International Biosphere FEP List
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1. Features

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

C: In order to conduct a biosphere assessment for a given site, it is necessary to take
into account a variety of factors that have a bearing on the manner in which the
system is modelled and the assessment is conducted. These include, but are not
necessarily limited to:
0 the context of the assessment (purpose, endpoints to be addressed etc)
0 characteristics of the release (boundary considerations, radionuclides, etc)
e assumptions regarding the composition and future evolution of the
environment.

1.1 Assessment Context

D: The circumstances in which a biosphere model is to be developed and used.
C: The requirements of an assessment can have an important bearing on how the range

of different environmental features, events and processes that are of potential
importance are dealt with in a specific assessment.

1.1.1 Assessment Purpose

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

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

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

1.1.2 Assessment Endpoints

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

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

1.1.2.1 Annual Individual Dose

D: The radiation dose to a person, incurred over a year.
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C: The exposed individual must be defined. Inevitably, in waste disposal assessments,
calculations of radiological exposure need to be based on the adoption of a
hypothetical representative" individual (typically considered to be a member of a
critical group), designed to demonstrate that adequate radiation protection is
afforded to future populations. A discussion of the considerations involved in the
identification and definition of critical groups is presented in Appendix A3 of the
report.

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

1.1.2.2 Annual Individual Risk

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

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

1.1.2.3 Lifetime Individual Dose

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

1.1.2.4 Lifetime Individual Risk

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

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

1.1.2.5 Collective Dose

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

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

1.1.2.6 Collective Risk

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

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

1.1.2.7 Dose to Biota Other Than Man

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

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

1.1.2.8 Radionuclide Concentration in the Environment

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

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

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

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

1.1.3 Repository Type

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

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

1.1.4 Site Context

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

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

1.2 Source Term

D: The release of contamination into the biosphere from the repository system.
C: Biosphere models are typically substantially decoupled from those models that are

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

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

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

1.2.2 Release Mechanism

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

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

1.2.2.1 Groundwater Release

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

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

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

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

1.2.2.1.2 Extraction Via Well into Geosphere Aquifer

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

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

1.2.2.2 Gaseous Release

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

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

1.2.2.3 Solid Material Release

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

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

1.2.3 Source Term Characteristics

D: Basic attributes of the source term from the geosphere to the biosphere.
C: Adequate characterization of the source term is a fundamental step in biosphere

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

1.2.3.1 Source Term Radionuclide Content

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

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

1.2.3.2 Properties of the Groundwater Plume

D: Characterization of the physical and chemical properties of the groundwater release.
C: This covers a wide range of factors that are of potential importance to modelling the

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

1.2.3.3 Source Term Content of Other Hazardous Materials

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

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

1.3 Basic System Description

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

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

D: A general description of the climatological context for the biosphere assessment.
C: Simulations of landform and ecological change may be based on speculative

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

1.3.1.1 Differentiation of Climate Categories

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

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

1.3.1.2 Description of Climate Change

D: The approach taken to considering the potential impact of changing climate.
C: There are a range of different possible approaches to representing the effects of

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

1.3.2 General Biosphere System Description

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

1.3.2.1 Environments

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

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

1.3.2.1.1 Natural and Semi-Natural

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

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

1.3.2.1.2 Agricultural

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

1.3.2.1.3 Urban and Industrial

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

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

1.3.2.2 Principal Systems of Exchange

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

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

1.3.2.3 Environmental Components

D: Descriptions of systems of exchange in terms of their environmental components.
C: Having identified and described the biosphere domain in terms of its principal

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

1.3.3 General Human Society Description

D: A general description of the human societal context for the biosphere assessment.
C: A self-consistent description of human society should be adopted in relation to

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

2 Events and Processes

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

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

2.1 Natural Events and Processes

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

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

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

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

2.1.1.1 Environmental Dynamics

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

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

2.1.1.1.1 Seasonality

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

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

2.1.1.1.1.1 Effects of Seasonality on Food Chain

D: The effect of seasonal variation on food chain processes and parameters.
C: It is included in SEASONALITY Feature (PR002)

2.1.1.1.2 Chemical Changes

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

human actions which are dealt with elsewhere.

2.1.1.1.2.1 Alkalinization

D: If the rate of evapotranspiration exceeds infiltration, the salt or alkali content in soil
can increase leading to changes in flora and other environmental properties.
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2.1.1.1.2.2 Chemical Changes Caused by Micro-Organisms

D: Chemical changes caused by micro-organisms.

2.1.1.1.2.3 Chemical Changes Caused by Plants

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

2.1.1.1.3 Physical Changes

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

C: This FEP includes a number of lower level FEPs.

2.1.1.1.3.1 Soil Conversion

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

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

2.1.1.1.3.2 Erosion (Wind, Water, Floods)

D: Relatively continuous change in the landform due to the action of wind or water.
C: Water erosion produced by rainfall, surface run-off, river water and occasional

floods that remove surface soil material or plants.

2.1.1.2 Climate-Driven Changes

D: Climate change resulting in alteration of properties of environmental media.
C: Changes in climate result in alterations to the biotic and abiotic composition of the

environment, and modifications to the rates of processes operating.

2.1.2 Radionuclide Transport

D: Natural processes that cause or modify radionuclide transport.

2.1.2.1 Atmospheric Transport Processes

D: Radionuclide transport processes that occur in the atmosphere.

2.1.2.1.1 Gas Transport
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D: Transport of gases, volatile material and aerosols in the atmosphere.
C: Gas transport produced by diffusion or convection processes.

2.1.2.1.2 Aerosol Transport

D: Transport of solids or liquids as aerosols.
C: Processes like resuspension and deposition govern aerosol transport.

2.1.2.1.3 Burning

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

deliberately caused by human action are considered under 2.2.

2.1.2.2 Surface Water Aqueous Transport Processes

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

2.1.2.2.1 Transport by Surface Run-Off

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

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

2.1.2.2.2 Transport in Water Bodies

D: Movement in natural water bodies causing radionuclide transport.
C: Includes processes such as advection/convection and dispersion and diffusion

resulting in movement of the contaminated water in streams or lakes.

2.1.2.3 Porous Media Aqueous Transport Processes

D: Transport of contaminated water in porous media.
C: Advective/convective radionuclide transport

2.1.2.3.1 Percolation

D: Movement of contaminated water through the soil layers into the water table.
C: Water reaching the saturated zone through the unsaturated zone.

2.1.2.3.2 Capillary Rise

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

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

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

2.1.2.3.4 Diffusion/Dispersion

D: Diffusion and dispersion of contaminants in aqueous media.
C: Need not involve water transport.

2.1.2.3.5 Infiltration

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

soil properties, landform, rainfall rate.

2.1.2.3.6 Dual Flow Systems and Matrix Diffusion
D: Combined flow of different fluids and/or gases.
C: Important when gas and water fluxes in porous media do influence each other.

2.1.2.3.6.1 Transport of Suspended Sediments

D: Transport of suspended sediments with flowing water.

2.1.2.3.6.2 Transport of Colloids

D: Transport of colloids in flowing water.

2.1.2.4 Transport Processes Between Surface Waters and Porous Media

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

2.1.2.5 Solid Phase Transport

D: Transport of contaminated solid materials between environmental media.

2.1.2.5.1 Resuspension/Deposition

D: The resuspension of material into the atmosphere and subsequent deposition.
C: The deposition of resuspended material as a result of DRY DEPOSITION.
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2.1.2.5.2 Land Slides

D: Transport of solid material by land slides.

2.1.2.5.3 Rock Falls

D: Transport of solid material by rock falls.

2.1.2.5.4 Solid Phase Transport by Water

D: The transport of solid material within flows of water.
C: This FEP includes a number of lower level FEPs.

2.1.2.5.4.1 Sediment Resuspension

D: Resuspension of sediments due to flowing water.

2.1.2.5.4.2 Sedimentation

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

2.1.2.5.4.3 Rain Splash

D: The transport of contaminated substances from sous to plants because of rain splash.
C: This is one of the possible sources of plant contamination.

2.1.2.5.4.4 Washout

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

C: See Wet Deposition.

2.1.2.5.4.5 Wet Deposition

D: Deposition of material on a surface as a result oí washout.
C: See Washout.

2.1.2.7 Transport Mediated by Flora and Fauna

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

2.1.2.7.1 Root Uptake

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

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

2.1.2.7.3 Intake by Animals

D: Consumption and inhalation by animals.
C: It is a group of FEPs

2.1.3 Processes Affecting Radionuclide Concentrations

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

2.1.3.1 Chemical Reactions

D: Chemical reactions.
C: It is a group of FEPs

2.1.3.1.1 Dissolution/Precipitation

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

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

2.1.3.1.2 Adsorption/Desorption

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

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

2.1.3.2 Physical Processes

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

C: It represents a group of FEPs

2.1.3.2.1 Water Discharge

D: Movement of water between streams, aquifers or surface water bodies.
C: This results in dilution of radionuclide concentrations.
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2.1.3.2.2 Water Recharge

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

2.1.3.2.3 Rainfall

D: Precipitation as rain from the atmosphere to the surface.

2.1.3.2.4 Evaporation

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

2.1.3.2.5 Evapotranspiration

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

2.1.3.2.6 Snowfall

D: Snowfall

2.1.3.2.7 Weathering

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

different processes, eg, wind, rain, volatilization, etc.

2.1.4 Radionuclide Metabolism

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

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

2.1.4.1 Crops and Natural/Seminatural Flora

D: Crops and other vegetation present in the environment.

2.1.4.1.1 Translocation

D: The internal movement of material from one part of a plant to another.
C: This process is dependent upon the nature of the plant and the chemical properties

and form of the material.
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2.1.4.2 Livestock and Natural/Seminatural Fauna

2.1.4.2.1 Internal Transfer within Animals

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

2.2 Events and Processes Related to Human Activity

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

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

2.2.1 Chemical Changes by Human Action

D: Human activities causing chemical changes.

2.2.1.1 Chemical Pollution

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

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

2.2.1.1.1 Acid Rain

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

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

2.2.2 Physical Changes by Human Action

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

2.2.2.1 Human Effects on Water Potentials

D: Human activities with effect on water.
C: It is a consequence of human activity
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2.2.2.2 Dam Building

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

the structure of the system being modelled.

2.2.2.3 Land Reclamation

D: Land reclamation eg, from rivers, lakes or sea.

2.2.3 Recycling of Materials and Mixing by Human Action

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

2.2.3.1 Ploughing

D: Ploughing is an agricultural practice, which turns over the soil.

2.2.3.2 Recycling of Solid Materials

D: Recycling of solid materials.

2.2.3.3 Soil Fertilization

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

2.2.4 Radionuclide Transport Mediated by Human Action

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

2.2.4.1 Water Extraction

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

2.2.4.1.1 Well Supply

D: Extraction of water from an aquifer.

2.2.4.1.2 Irrigation

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

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

2.2.4.3 Artificial Mixing of Lakes

D: Artificial mixing of lakes.

2.2.4.4 Solid Material Transport

D: The transport of solid material between environmental media and environments.
C: It is a group of FEPs

2.2.4.4.1 Dredging of Sediments for Soil

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

2.2.4.4.2 Earth Works

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

2.3 Events and Processes Related to Human Exposure

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

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

2.3.1 Human Habits

D: A general description of the influences of human society on radiological exposure.
C: A key feature of the assumptions associated with behaviour of the local community

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

2.3.1.1 Resource Usage

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

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

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

depending on specific human habits and purposes.

2.3.1.3 Air, Water and Food Processing

D: Processing causing decontamination or concentration of contamination.

2.3.1.3.1 Water Filtration

D: Filtration of water for drinking purposes, or for other purposes.

2.3.1.3.2 Air Filtration

D: Filtration of air by natural or artificial mechanisms.

2.3.1.3.3 Food Processing

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

2.3.1.3.4 Ventilation

D: Active ventilation of houses or rooms within houses.

C: Taken to mean ventilation beyond simple effects of doors and windows.

2.3.1.4 Location/Shielding Factors

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

2.3.1.5 Diet

D: Consumption rates of different products.
C: Specific habits of the population resulting in a site specific diet.
2.3.2 External Irradiation Processes

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

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

2.3.3 Internal Exposure Processes

D: Potential intake of contamination resulting in internal irradiation.
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2.3.3.1 Intake

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

This FEP includes a number of lower level FEPs.

2.3.3.1.1 Inhalation

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

2.3.3.1.2 Ingestion

D: Incorporation of radioactivity in water or contaminated substances via ingestion.
C: Diet and specific consumption habits will determine the ingestion rates of liquids

and food for the critical group.

2.3.3.1.3 Dermal Absorption

D: Absorption of contaminated substances through the skin.
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ANNEX C : PARAMETERS DESCRIPTION

DARCY VELOCITY

On the macroscopic scale, advection refers to the transport of dissolved constituents (solutes)
caused by the macroscopic volumetric water flux, which is usually expressed by Darcy's law

q: = - K(ys)[^

where qz is the volumetric flux density of water in the z direction, v|/ is the pressure head, and k(\y)
is the hydraulic conductivity.

Units: m/y

TOTAL POROSITY

The total porosity of a porous medium is the ratio of the pore volume to the total volume of a
representative sample medium. Assuming that the soil system is composed of two phases - solid,
liquid - where Vs is the volume of the solid phase, V, is the volume of the liquid phase, Vp = V, is
the volume of pores, and V , = Vs + V, is the total volume of the sample, then the total porosity of
the soil pt, is defined as:

Units: (-)

EFFECTIVE POROSITY

The effective porosity, also called the cinematic porosity, of a porous medium is defined as the
ratio of the part of the pore volume where the water can circulate to the total volume of a
representative sample of the medium.

Units: (-)

SOLID PARTICLE DENSITY

The solid particle density, or the density of solids, represents the density of the soil (i.e. mineral)
particles collectively and is expressed as the ratio of the solid phase mass to the volume of the solid
phase of the compartment.
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The density of quartz is used as the default value of soil particle density.

Units: kg/mJ

DRY BULK-DENSITY

The dry bulk density, or dry density, is the ratio of the mass of the solid phase of the compartment
(i.e. dry soil or sediment) to its total volume (solid and pore volumes together).

The dry bulk density (pb) is related to the solid particle density (ps) by the total porosiiy (e t),
according to the following equation:

Units: kg/m3

DEPTH

The depth of a soil, aquifer or any biosphere compartment, is the distance from the surface of the
compartment to the bottom of it, in which the radionuclide concentration is assumed to be
homogeneous.

Units: m

WIDTH

The width of a soil, aquifer or any biosphere compartment, is the distance from one border of the
compartment to the other border of it, in which the radionuclide concentration is assumed to be
homogeneous.

Units: m

LENGTH

The length of a soil, aquifer or any biosphere compartment, is the distance from one border of the
compartment to the other border of it, in which the radionuclide concentration is assumed to be
homogeneous.

Units: m

MOISTURE CONTENT

The water content in the soil (or sediment) compartments is usually expressed as either a
dimensionless ratio of two masses or two volumes, or is given as a ratio of a mass per unit volume.
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The volumetric water content in the compartment (also called the volume wetness or volume
fraction of soil water) represents the fraction of the total volume of compartment that is occupied
by the water contained in the compartment.

Units: (-)

RAINFALL

This is considered to be the supply of liquid water falling from the atmosphere expresses as depth
of water on a horizontal surface. Precipitation can be measured by using graduated containers on a
daily, weekly, monthly or annually basis, which yields the amount of precipitation during one year.
Other terms used in precipitation measurements are: intensity (the quantification of rainfall falling
in a measured time (e.g. mm h"1); duration ( the time during which a period of precipitation lasts),
frequency ( a forecast of a quantified precipitation that will occur in a given time (e.g. 10 mm/h)
and the number of occasions during a given period (e.g. 1 year) when this quantity is likely to
occur.

Rainfall can have a major influence on the behaviour and transport of radionuclides in the
environment through recharging of surface water bodies and leaching of soils. From the modelling
point of view, the rate of rainfall (volume per unit are and per time) is usually applied.

EVAPORATION

Evaporation is the changing of the water from liquid to gas phases. When water passes from liquid
to the vapour state, 590 calories are absorbed from the evaporative surface for each gram of water
evaporated. The vapour pressure of the liquid is directly proportional to the temperature.
Evaporation will proceed until the air becomes saturated. Condensation is the reverse processes of
evaporation. It occurs when the air mass can no longer hold all the humidity.

The water from rainfall, free-water-surfaces (rivers, lakes, seas and soils) can be evaporated. Under
this context, the evaporation from the soil is considered under the term "evapotranspiration".

The rate of evaporation is normally the parameter used in modelling.

The evaporation affects the runoff, infiltration, percolation and water table movements are related
processes. The rate of evaporation is dependent upon factors such as the water temperature and the
temperature and absolute humidity of the layer of air just above the free-water surface. Solar
radiation is the driving energy force behind evaporation, as it warms both the water and the air.

EVAPOTRANSPIRATION

Transpiration is the term given to describe the passage of water from the ground through the roots
of plants into the leaves and to atmosphere. Although small quantity (less than 1 per cent) of this
water may be retained in the plant for growth, the bulk of water taken up in the roots passes
through the plant and it is returned to the atmosphere.
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Under field conditions, it is not possible to separate evaporation from transpiration. Indeed, the
total water loss from a basin, or evapotranspiration, is generally concerned.

The term "potential evapotranspiration' was introduced by Thornwaite as equal to "the water loss
which will occur if at no time there is an upper limit to the amount of water in the soil for the use
of vegetation". Because there is often not sufficient water available from the soil moisture, the term
'actual evapotranspiration' is used to describe the amount of evapotranspiration under field
conditions.

Thornwaite's method for the evaluation of this process is based on the assumption that the potential
evapotranspiration is depended only upon meteorological conditions and ignores the effect of
vegetative density and maturity. The only necessary factors to input are the mean monthly air
temperature, lattitude and month. The last two factors yield the average monthly sunlight.

The amount of moisture returned to the atmosphere by evapotranspiration varies with the rainfall
rate, air temperature, humidity as well as the types and density of vegetation, latitude, longitude,
and soil moisture content. Evaporation is a process related to this one.

SOIL-TO-PLANT TRANSFER FACTOR

The soil to plant transfer factor can be expressed as the ratio of activity concentration in plant to
the activity concentration in soil, and represents the amount of activity that is transferred due to
root uptake from the soil to the vegetables. Dry-to-wet conversion factors for soils and crops must
be estimated to make the comparison between the units possible.

Soil conditions are assumed to be in equilibrium and plant concentrations are assumed to be in
equilibrium with soil concentrations. For all crops, except grass, the concentration in soil is based
in the 0-20 cm layer.

Units: (Bq / kg f.w. plant) / (Bq / kg dry soil)

TRANSFER COEFFICIENT FOR ANIMAL PRODUCTS

The animal transfer factor, relates the concentration of a radionuclide in an animal product to the
daily intake of the radionuclide in the animal's diet.

A milk/feed transfer factor for milk cows is expresses as the fraction of the daily elemental intake
in feed that is transferred to a volume of milk.

Units: (Bq/m3) / (Bq/d daily intake)

A meat/feed transfer factor for beaf is expressed as the fraction of the daily elemental intake in
feed that is transferred to meat.

Units: (Bq/kg) / (Bq/d daily intake)
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SOLID TO LIQUID DISTRIBUTION COEFFICIENT

The solid to liquid distribution coefficient is the ratio of the mass of solute species adsorbed or
precipitated on the solids per unit of dry mass, to the solute concentration in the liquids. The
distribution coefficient represents the partition of the solute in the soil matrix and soil water,
assuming that equilibrium conditions exist between the solid and solution phases.

The distribution coefficient can be defined as the ratio of the concentration of a radionuclide
adsorbed to solid particles to the concentration of that radionuclide left in solution. Key points for
the correct applicability of kd include: the radionuclide should be present in trace concentrations,
there should be a constant ratio between the radionuclide activity and the stable chemical
concentration, and the equilibrium should exist between the compartments concerned.

Units: m3 / kg dw

RESUSPENSION/DEPOSITION

Radioactive material deposited onto the ground can be resuspended into the air by wind or by other
disturbances. Also resuspension and sub-sequent re-depositon in agricultural areas may lead to
contamination of crops and foods derived from grazing animals [Simmonds et al, 1995].

There are three main ways in which resuspension measurements and models have been expressed,
earlier worker and modellers have usually used the 'resuspension factor',k:

; Concentrationin airdueto resuspension (Bq m3 )

Surfacedeposit (Bq m'2)

An alternative representation of resuspension is the 'resuspension rate', Rr, which is defined as the
rate of the resuspension flux (Bq m "2 s"1) to the surface deposit (Bq m '2). This can be used to
predict the movement of material from one ara to another by resuspension and deposition, as well
as the predicting air concentration.

A third method of representing resuspension is through the use of an equivalent soil concentration
or dust-loading approach to relate the concentration of a radionculdie in soil to that in air.

Ctt(Bq ni3) = Cs (Bq kg'). SE(kg ni3)

where C a is the estimated concentration of the radionculide in air, C s is the concentration in soil
and S E is the equivalent soil concentration or dust-loading. This method implies that the
radionuclide is closely associated with soil and so it is not appropriate for use with fresh deposits.

Dry deposition is a complex process by which material is removed from the plume by impaction
with the underlying surface or obstacles on it, such as vegetation. The rate at which the material is
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deposited can be estimated using the concept of a deposition velocity, V g. The deposition velocity
was defined by Chamberlain as the ratio of the amount of material deposited on the surface per unit
area per unit time, to the air concentration per unit volume at the surface.

The dry depostion rate or its time integral D D, is given by

DD = Vg C

where C is the activity concentration in air at ground level or its time integral, respectively.

INTAKE

The process of taking radionuclide into the body by inhalation or ingestion or through the skin
(dermal absorption).

EFFECTIVE DOSE

The quantity E, defined as a summation of the tissue equivalent doses, each multiplied by the
appropriate tissue weighting factor:

Where HT is the equivalent dose in tissue T and wT is the tissue weight factor for tissue T. From the
definition of equivalent dose, it follows that:

Where wR is the radiation weighting factor for radiation R and DTR is the average absorbed dose in
the organ or tissue T. (Units: J. Kg ~~l = Sv)

COMMITTED EFFECTIVE DOSE

The quantity E(T), defined as:

Where HT(x ) is the committed equivalent dose to tissue T over the integration time x. When x is
not specified, it will be taken to be 50 years for adults and to age 70 years for intakes by children.
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ANNEX D : DATA ELICITATION PROCEDURE

SUMMARY OF STAGES APPLIED IN FORMAL DATA ELICITATION
Derived from NIREX [1994]

INTRODUCTION

This stage sets the scene for the experts, helps them to get to know one another, and
provides some training.

1. The project and its purpose.

2. Facilitator and his/her background.

3. Reason for probability distributions rather than best estimates.

4. Participants and their backgrounds.

5. Today's goal.

6. Assessing probabilities - background in behavioural decision theory ; experimental
research culminating in SRI encoding manual ; precision, reliability, accuracy.

7. Calibration - an exercise.

8. Background to the study.

MOTIVATION

The purpose of this stage is to establish each person's expertise, and to identify and
minimize potential motivational biases. First, each person describes their expertise
regarding the uncertain quantity to be assessed. Participants are then asked if they are in any
sense stakeholders in the project, and if so, how that might affect their assessments.

9. Participants' expertise regarding the quantity.

10. Are participants stakeholders in the project ?

11. Potential motivational biases.

STRUCTURING

This particularly crucial stage defines the quantity to be elicited and identifies factors that
can affect the value of the quantity.

12. Definition of quantity.

13. Approaches to the assessment of the quantity.
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14. List of relevant factors and information. A list is made of factors and information that
are relevant influences on the value of the quantity. These are then divided into two sub-
lists: one lists the assumptions that are to be made when assessing the probability
distribution, while the other gives the sources of uncertainty. Copies of these two lists are
given to each participant, and reference is often made to them as a reminder during the
assessment process.

15. List of assumptions.

16. Sources of uncertainty.

17. Redefinition of problem.

18. Choice of a scale.

19. Definition of a reference class.

20. Assessment of the average and the variability for the reference class. Upper Limit /
Lower Limit / Average, or Less informed estimate (if no reference class).

21. Intuitive estimate of quantity.

22. Evaluation of predictability. This estimate and its predictability are then considered by
the Facilitator in relation to the reference class ; an unpredictable estimate should be
regressed toward the mean of the reference class.

23. Discussion of extremeness of intuitive estimate.

24. Discussion of anchoring. The group is then warned again about the dangers of
anchoring on best estimates.

25. Discussion of scenarios for extreme outcomes:

(a) What would be a very high value ? How could such a value occur ? What is the
probability of such a high value ?

(b) What would be a very low value ? How could such a value occur ? What is the
probability of such a low value ?

ENCODING

Finally the group assesses a cumulative probability distribution for the uncertain quantity.
The method followed is to establish the range of possible values, then to divide that range
into a number of intervals, and to assess the cumulative probability up to the value of the
uncertain quantity at each interval (i.e. the probability method rather than the fractile
method). It is useful to plot these cumulative points on a graph that is projected for all
participants to see.

26. Assessment of probabilities. The group is then invited to smooth out any undulations in
the cumulative curve, provided, of course, that they believe their uncertainty is best
represented by a single-mode probability density function. A smoothed curve is then drawn
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(or fitted, if a computer is available) through the assessed points, and the tertiles (the 33rd

and 67th percentiles) are then noted and marked on the horizontal axis.

27. Check tertiles, and revise distribution.

28. Which tail, if either, contributes most to risk ?

29. Compare this distribution with others generated during the session.

30. Could each participant defend this distribution at a Public Inquiry ?

31. Comments by participants on the process.

REFERENCES Annex D

NIREX (1994). Post closure Performance Assessment, Information Management. Science
Report n° S/94/002. United Kingdom, October 1994.
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ANNEX E: LITERATURE REVIEW FOR DATA VALUES

The following Tables contain the quantitative information found in different references for
the required model parameters.

Table E.I. Iodine distribution coefficients for soil (L/kg d.w of soil)
Information source
IAEA(1994)

Coughtrey (1985)
Tits et al (1993)

Ashton and Sumerling
(1988)

Best estimate
1 (sand)
4.5 (loam)
6E-3
l.E-1 (coarse)
1.0 (fine)
8E-1

Range
1.3E-2
8.2E-2
4.E-3

5E-1 -

of values
-8.5E1
- 2.4E2

- 9.E-3

8E-1

Comments
Classification:sand-loam-clay-organic

Soil available fraction up to 57 %
Classification as coarse-fine-organic

Best estimated recommended as generic,
based on silt soil (d.vv of soil). Ranges
both sand and silt soils.

but
for

Table E.2 Iodine soil-to-plant transfer factor (Bq/kg f.w
Information source
IAEA (1994)

Coughtrey (1985)

Wang Y.Y et al (1993)

Ashton and Sumerling (1988)

Crop
Grass
Not specified

Natural vegetation

Pasture herbage
Edible vegetables
Cereal grain
Composite
Roots, fruits and grain
Grain
Potatoes
Roots
Leafy vegetables
Non-leafy-vegetables
Pasture

Expected value
3.4E-4
2.E-3

0.4

0.4
0.4
0.4
0.047

2.4E-1
9.8E-2
7.7E-2
8.E-2
4.E-2
8.E-2

crop)/(Bq/kg d.
Range
3.4E-5 -3.4E-3

0.2-2

0.01-2
0.05-2
0.047-0.129
0.047 - 0.93

w. soil)
Comments

For the
conversion
into f.w. it
was
asuumed 10
% the
relation
fresh to dry
(kg d.w
crop)
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Table E.3. Iodine interception fractions - fraction of initial concentration retained in
edible plant at harvest

Information source

IAEA(1994)
Ashton and Sumerling
(1988)

Plant

Grass
Grain

Potatoes
Leafy veg.
Legum veg.

Precipitation

1 mm

Best estimate

4.3 (rrr/kg)
2.8E-1 (-)

7.4E-2
6.1E-1
6.8E-2

Range of
values

Comments

Table E.4 Iodine transfer coefficients Fm for cow milk (d/L)
Information source
IAEA (1994)
Ashton and Sumerling (1988)

Expected
l.OE-2
3E-3

Range
1.0E-3-3.5E-2

Comments

Table E.5 Iodine transfer coefficients Fm for beef (d/kg)
Information source
IAEA (1994)
Ashton and Sumerling (1988)

Expected
4.0E-2
8.E-3

Range
7.0E-3 - 5.E-2

Comments

Table E.6 Chlorine distribution coefficients for sandy-loam soil (L/kg)
Information source

Tits et al (1993)
Ashton and
Sumerling (1988)

Best
estimate
0.0
8E-1

Range of
values

Comments

Classification as coarse-fine-organic
BE recommended as generic, but
based on silt soil (d.w of soil).
Ranges for sand and clay soils.
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Table E.7 Chlorine soil-to-plant transfer factor (Bq/kg f.w crop)/(Bq/kg d.w. soil)
Information
source
Coughtrey (1985)

Wang Y.Y et al
(1993)

Ashton and
Sumerling (1988)

Klos et al (1996)

Crop

Natural vegetation
Pasture herbage
Edible vegetables
Cereal grain

Composite

Roots, fruits and
grain
Grain

Potatoes
Roots
Leafy vegetables
Non-leafy-
vegetables
Pasture
Grain
Root vegetables
Pasture

Expected
value
25-50

20

14.7

3.E+1

1.2E+1
l.E+1
l.E+1
l.E+1

10.E+1
4.5E1
7.5
1.3E1

Range

5-20

6.93-14.7

Comments

In acid or neutral soils
50 is appropriate,
whereas in alkaline or
waterlogged soils 25
is more typical (kg
d.w crop)
Compilation of
various references

Table E.8 Chorine interception fractions- fraction of initial concentration retained in
edible plant at harvest

Information source

Ashton and
Sumerling (1988)

Plant

Grain

Potatoes
Leafy veg.
Legum
veg.

Precipitation Best
estimate
8.8E-2

1.9E-1
1.9E-1
1.9E-1

Range of
values

Comment
s
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Table E.9 Chlorine transfer coefficients Fm for cow milk (d/L)
Information source
IAEA (1994)
Ashton and Sumerling
(1988)
Klosetal (1996)
Coughtrey(1985)

Expected
1.7E-2
1.6E-2

5.0E-2
Ucow(t) = 0.002 exp(-A.t)
[I"1]; where X = 0.101 [dA]

Range
1.5E-2-2.0E-2

1.6E-2 - 2.1E-2

Table E.10 Chlorine transfer coefficients Fm for beef (d/kg)
Information source
IAEA (1994)
Ashton and Sumerling
(1988)
Coughtrey(1985)

Expected
2.0E-2
4.3E-2

Range

1.6E-2 - 2.1E-2

Table E.l l Dry weight content of fresh products (% of fresh weight)
Reference

IAEA(1994)

Wang Y.Y et al
(1993)

Product

Cereals
Barley, oats,
wheat
Maize
Grass
Potatoe
Lettuce
Lettuce

Potatoe

Grains
Rice
Wheat

Grass

Average (% d.w.)

86
rye,

55
10
21
8
5

22.2

87.7
87.5
87.0
18.2

Standard
deviation
10

5
3

Comments

grain

tuber

Taken from NRC
(1983)
Taken from Baes et
al (1984) and NRC
(1983)

NRC (1983)
Baes et al (1984)
NRC (1983)
NRC (1983)
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Table E.12 Soil adhesion (g d.w. soil / kg d.w. plant)
Information source

IAEA (1994)

Ashton and Sumerling
(1988)

Product

Grain
Low estimate for leaves and
grass
40 cm or more above the soil
surface
40 cm or less above the soil
surface
Lettuce (dry area)
Wheat (dry area)
Grain

Potatoes
Other roots
legum vegetables
leafy vegetables

Adhering
soil
< 4

4

10

2,6
4,8
1E-1

1
1
1
1

Table E.13. External dose factors for exposure to a soil uniformly contaminated to 300
mm depth. (Sv/y/Bq/kg) 1 m above the soil.

Information source Radionuclide Value
Ashton and
Sumerling (1988)

1-129

Cl-36

4.3 E-9

7.0E-14

Table E.14 Committed effective dose per unit intake via inhalation (Sv Bq -1) [IAEA,
1996]

Nuclide
Cl-36
1-129

Physical
3.01E5a
1.57E7a

half-life DCF inhalation
7.3E-9
3.6E-8

Table E.15 Committed effective dose per unit intake via ingestion (Sv Bq "') [IAEA,
1996]

Nuclide
Cl-36
1-129

Physical half-life
3.01E5a
1.57E7a

DCF ingestion
9.3E-10
1.1E-7
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Table E.16 Edible plant yield at harvest (kg m 2 fw)
Information source

Ashton and Sumerling
(1988)

Crop

Grain

Potatoes
Other roots
Legum
vegetables
Leafy
vegetables

Best
estimate
0.4

2.5
3.0
0.8

2.5

Information source
Ashton and Sumerling

Table E.

(1988)

17 Soil Characteristics
Soil type
Clay
Loam
Sand

Porosity
0.55
0.50
0.35

Water filled fraction
0.7
0.5
0.3

Table E.18 Animals density (animal/Km2) [GOURMET,!996]
Animal / product

Meat
Beef

Porky
Lamb

Chicken
Milk

Cow
Sheep
Eggs

Amount

10
34
40

1.5 kg product per chicken
5.48 m3 per animal and per year

140 eggs per hen
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Table E.19 Animal Consumption rates from Ashton and Sumerling (1988)

Animal

Cow
Sheep
Goats
Pigs
Poultry

Consumption of
fodder (Kg d-1 f.w )

5.0E1
7.0
9.0
1.E1
3.0E-1

Consumption of
soil (Kg d-1 f.w )

6.E-1
8.E-2
8.E-2
2.E-1
2.E-2

Consumption of
drinking water
(m3 d-1)
3E-2
0
6E-3
5E-3
5E-4

Comments

For lactating goats

Table E.20 Dry matter and water intake of domestic animals
Information
source

IAEA (1994)

Animal
species

Dairy cows
Beef cattle
(500 kg)
Laying hens

Dry mater -
expected
(kg/d)
16.1
7.2

0.1

Dry matter -
range (kg/d)

10-25
5-10

0.07-0.15

Water (L/d) Comments

50-100
20-60

0.1-0.3
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Deterministic case:

Time (y)
O.OOE+OO

Î.OOË+03
2.00E+03
3.00E+03
4.00E+03
5.00E+03
6.00E+03
7.00E+03
8.00E+03
9.00Ë+Ô3 "
1.00E+04
1.10E+04
1.20E+04
1.30E+04
1.40E+04
1.50E+04
1.60E+04
1.7ÖE+Ö4 "
1.80E+04
1.90E+04
2.00E+04
2.50E+04
3.00E+04
3.50E+04
4.00E+04
4.50E+04
5.00E+04
5.50E+04
6.00E+04
6.50E+04
7.00E+04
7.50E+04
8.00E+04
8.50E+04
9.00E+04
9.50E+04
1.00E+05
2.00E+05
3.00E+05
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

CI36 ;
0.00E+00 i
d.ÖÖE+ÖÖ" :
1.20E-07 :
3.61 E-06 :
4.81 E-05 :
2.41 E-03 I
2.41 E-03 |
2.41 E-03 i
2.41ËT-Ô3 i
7.22E-02 :
7.22E-02 :
3.61 E-01 :
3.61 E-01 :
3.61 E-01 I
3.61 E-01 ;
3.61E-01 '
3.61 E-01 i
3.61ÈT-ÔÎ :
3.61 E-01 l
3.61 E-01
3.61 E-01
1.08E+01
1.08E+01
1.08E+01
1 .Ö8E+Ö1
2.41 E+O1
2.41 E+01
3.61E+01
3.61 E+01
4.81 E+01
4.81 E+01
4.81 E+01
"4.8ÎÊ+Ô1
"5.56É+Ô1
5.56E+01
5.56E+01
5.56E+01
5.56E+01

; 3.61 E+01
' 2.41 E+01
; 1.2ÔÉ+Ô1
: 6.01 E+00
l 3.61 E+00
: 2.41 E+00
: 2.04E+00
I 1.20E+00

1129
0.00E+00
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
1.11E-07
1.11E-07
1.11E-07
1.11E-07
1.11E-07
1.11E-07
1.11E-07
1.11E-07
1.11E-07
1.11E-07
2.77E-03
2.77E-03
8.85E-02
8.85E-02
4.42E-01
4.42E-01
1.11E+00
1.11 E+00
2.21 E+00
2.21 E+00
3.32E+00
3.32E+00
4.42E+00
4.42E+00
5.53E+00
5.53E+00
6.64E+00
1.11 E+01
2.21 E+01
2.77E+01

' 3.32Ë+OÎ
3.76E+01
3.76E+01
3.76E+01
3.76E+01

Time (y)
O.OOE+OO
1.00E+03
2.00E+03
3.00E+03
4.00E+03
5.00E+03
6.00E+03
7.00E+03
8.00E+03
9.00E+03
1.00E+04
1.10E+04
1.20E+04
1.30E+04
1.40E+04
1.50E+04
1.60E+04
i.701+04 ""
1.80E+04
1.90E+04
2.00E+04
2.50E+04
3.00E+04
3.50E+04
4.00E+04
4.50E+04
5.00E+04
5.50E+04
6.00E+04
6.50E+04
7.00E+04
7.50E+04
8.00E+04
8.50E+04
9.00E+04
9.50E+04
1.00E+05
2.00E+05
3.00E+05
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

CI-36 !
O.OOE+OO ;
Ö.ÖÖE+ÖÖ I
4.37E-11 I
1.31E-09
1.75E-08 :
8.74E-07 [
8.74E-07
8.74E-07
8.74E-Ö7
2.62E-05
2.62E-05
1.31E-04
1.31E-04
1.31E-04
1.31E-04
1.31E-04
1.31 Ë-Ô4 '
1.31E-04
1.31E-04
1.31E-04
1.31E-04
3.93E-03
3.93E-03
3.93E-03
3.93E-03
8.74Ë-03
8.74E-03
1.31E-02
1.31E-02
1.75E-02
1.75E-02
1.75E-02
1.75E-02
2.02E-02
2.02E-02
2.02E-02
2.02E-02
2.02E-02
1.31E-02
8.74E-03
4.37Ë-Ô3

: 2.18E-03
: 1.31 E-03
: 8.74E-04
: 7.43E-04
| 4.37E-04

1-129
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+OO
3.94E-10
3.94E-10
3.94E-10
3.94E-10
3.94E-10
3.94E-10
3.94E-10
3.94E-10
3.94E-10
3.94E-10
9.86E-06
9.86E-06
3.15E-04
3.15E-04
1.58E-03
1.58E-03
3.94E-03
3.94E-03
7.89E-03
7.89E-03
1.18E-02
1.18E-02
1.58E-02
1.58E-02
1.97E-02
1.97E-02
2.37E-02
3.94E-02
7.89E-02
9.86Ë-Ô2
1.18E-01
1.34E-01
1.34E-01
1.34E-01
1.34E-01

Table F.I. Radionuclides Concentration
in the Aquiferl Water (Bq/m3 ).

Table F.2. Radionuclides Concentration in the Solid
Phase of the Soil (Bq/kg)

F.2



Time (y)
O.OOE+00
1.00E+03
2.00E+03
3.00E+03
4.00E+03
5.00E+03
6.ÔÔÉ+Ô3"
7.00E+03
8.00E+03
9.00E+03
1.00E+04
1.10E+04
1.20E+04
1.30E+04
1.40E+04
1.50E+04
1.60E+04
1.70E+04
1.80E+04
1.90E+04
2.00E+04
2.50E+04
3.00E+04
3.50E+04
4.00E+04
4.50E+04
5.00E+04
5.50E+04
6.00E+04
6.50E+04
7.ÖÖE+Ö4
7.50E+04
8.00E+04
8.50E+04
9.00E+04
9.50E+04
1.00E+05
2.00E+05
3.ÖÖE+Ö5
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Ingestion of water
CI-36

O.OOE+00
O.OOE+00
8.17E-17
2.45E-15
3.27E-14
1.63E-12

r 1.63É-Ï2
1.63E-12
1.63E-12
4.90E-11
4.90E-11
2.45E-10
2.45E-10
2.45E-10
2.45E-10
2.45E-10
2.45E-10
2.45E-10
2.45E-10
2.45E-10
2.45E-10
7.35E-09
7.35E-09
7.35E-09
7.35E-09
1.63E-08
1.63E-08
2.45E-08
2.45E-08
3.27E-08
3.27E-08
3.27E-08
3.27E-08
3.77E-08
3.77E-08
3.77E-08
3.77E-08
3.77E-08
2.45E-08
1.63E-08
8.17E-09
4.08E-09
2.45E-09
1.63E-09
1.39E-09
8.17E-10

1-129
; o.ooE+oo
. O.OOE+00

O.OOE+00
• O.OOE+00

O.OOE+00
; Ö.OOE+ÖO
• O.OOE+00
' O.OOE+00

O.OOE+00
O.OOE+00
O.OOE+00
8.88E-15
8.88E-15
8.88É-15
8.88E-15
8.88E-15
8.88E-15
8.88E-15
8.88E-15
8.88E-15
8.88E-15
2.22È-1Ô
2.22È-1Ô
7.11E-09
7.11E-09
3.55E-08
3.55E-08
8.88E-08
8.88E-08
1.78E-07
Ï.78Ë-07
2.66E-07
2.66E-07
3.55E-07
3.55E-07
4.44E-07
4.44E-07
5.33È-Ô7
8.88E-07
1.78E-06

. 2.22E-06
: 2.66E-06
: 3.02E-06

3.02E-06
3.02E-06
3.Ô2Ë-06

Ingestion of beef
CI-36

O.OOE+00
O.OOE+00
7.94E-18
2.38E-16
3.18E-15
1.59E-13

r 1.59E-Î3
1.59E-13
1.59E-13
4.77E-12
4.77E-12
2.38E-11
2.38E-11
2.38E-11
2.38E-11
2.38E-11
2.38E-11
2.38E-11
2.38E-11
2.38E-11
2.38E-11
7.15E-10
7.15E-10
7.15E-10
7.15E-10
1.59E-09
1.59E-09
2.38E-09
2.38E-09
3.18E-09
3.18E-Ô9
3.18E-09
3.18E-09
3.67E-09
3.67E-09
3.67E-09
3.67E-09
3.67E-09

r 2.38Ë-Ô9
1.59E-09
7.94E-10
3.97E-10
2.38E-10
1.59E-10
1.35E-10
7.94E-11

1-129
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
7.11E-16
7.11E-16
7.11E-16
7.Î1Ê-16
7.11E-16
7.11E-16
7.11E-16
7.11E-16
7.11E-16
7.11E-16
Ï.78É-1Î
Ï.78É-1Î
5.69E-10
5.69E-10
2.85E-09
2.85E-09
7.11E-09
7.11E-09
Ï.42Ê-08
Ï.42Ê-08
2.13E-08
2.13E-08
2.85E-08
2.85E-08
3.56E-08
3.56E-08
4.27E-08
7.Î1È-08
1.42E-07
1.78E-07

: 2.13E-07
: 2.42E-07

2.42E-07
2.42E-07
2.42E-07

Ingestion of milk
CI-36

O.OOE+00
O.OOE+00
2.34E-17
7.01E-16
9.35E-15
4.68E-13
4.68E-13
4.68E-13
4.68E-13
1.40E-11
1.40E-11
7.01 E-11
7.01E-11
7.01 E-11
7.01 E-11
7.01 E-11
7.01 E-11
7.01E-11
7.01 E-11
7.01E-11
7.01 E-11
2.10E-09
2.10E-09
2.10E-09
2.10E-09
4.68E-09
4.68E-09
7.01 E-09
7.01 E-09
9.35E-09
9.35E-09
9.35E-09
9.35E-09
1.08E-08
1.08E-08
1.08E-08
1.08E-08
1.08E-08
7.01 E-09
4.68E-09
2.34E-09
1.17E-09
7.01E-10
4.68E-10
3.97E-10
2.34E-10

1-129
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
Ö.ÖÖE+Ö5
0.00E+00
0.00E+00
0.00E+00
0.00E+00
6.32E-16
6.32E-16
6.32E-16
6.32É-Í6
6.32E-16.
6.32E-16
6.32E-16
6.32E-16
6.32E-16
6.32E-16
1.58E-11
1.58E-11
5.05E-10
5.05E-10
2.53E-09
2.53E-09
6.32E-09
6.32E-09
1.26É-Ô8
1.26É-08
1.90E-08
1.90E-08
2.53E-08
2.53E-08
3.16E-08
3.16E-08
3~.79É-08
6.32É-08
1.26E-07
1.58E-07
1.90E-07
2.15E-07
2.15E-07
2.15E-07
2.Í5É-07

Table F.3. Effective dose due to ingestion of water, ingestion of beef and ingestion of
milk (Sv/y).
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Time (y)
O.OOE+OO
1.00E+03
2.00E+03
3.00E+03
4.Ô5É+Ô3
5.00E+03
6.00E+03
7.00E+03
8.00E+03
9.00E+03
1.00E+04
1.10E+04
1.2ÖE+Ö4
1.30E+04
1.40E+04
1.50E+04
1.60E+04
1.70E+04
1.80E+04
1.90E+04
2.0ÔÉ+Ô4
2.50E+04
3.00E+04
3.50E+04
4.00E+04
4.50E+04
5.00E+04
5.50E+04
6.00E+04
6.50E+04
7.00E+04
7.50E+04
8.00E+04
8.50E+04
9.00E+04
9.50E+04
1 .ÔÔÉ+ÔÏ
2.00E+05
3.00E+05
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Ingestion of grain

CI-36
0.00E+00
O.OOE+00
2.57E-16
7.72E-15
1.Ô3É-Î3 "
5.14E-12
5.14E-12
5.14E-12
5.14E-12
1.54E-10
1.54E-10
7.72E-10
7.72E-10
7.72E-10
7.72E-10
7.72E-10
7.72E-10
7.72E-10
7.72E-10
7.72E-10
7.72É-ÎÔ
2.31 E-08
2.31 E-08
2.31 E-08
2.31 E-08
5.14E-08
5.14E-08
7.72E-08
7.72E-08
1.03E-07
1.03E-07
1.03E-07
1.03E-07
1.19E-07
1.19E-07
1.19E-07
1.19É-Ô7 '
1.19E-07
7.72E-08
5.14E-08
2.57E-08
1.29E-08
7.72E-09
5.14E-09

r 4.37Ë-Ô9
2.57E-09

1-129
O.OOE+00
O.OOE+OO
O.OOE+00
O.5ÖE+5Ö
ô.ôôÉ+5"d
O.OOE+00
O.OOE+OO
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+00
2.58Ë-14
2.58Ê-14
2.58E-14
2.58E-14
2.58E-14 .
2.58E-14
2.58E-14
2.58E-14 •
2.58Ë-14
2.58Ê-14
6.45E-10
6.45E-10
2.06E-08
2.06E-08
1.03E-07
1.03E-07
2.58E-07
2.58È-07
5.16E-07
5.16E-07
7.74E-07
7.74E-07
1.03E-06
1.03E-06
i.29È-0~6
Î.29È-06
1.55E-06
2.58E-06
5.16E-06
6.45E-06
7.74E-06
8.78E-06
8.78E-06
8.78Ë-06
8.78E-06

ingestion of green
vegetables

CI-36
O.OOE+00
O.OOE+OO
6.04E-17
1.81E-15
2.42E-14
1.21E-12
1.21E-12
1.21E-12
1.21E-12
3.62E-11
3.62E-11
1.81E-10
1.81E-10
1.81E-10
1.81E-10
1.81E-10
1.81E-10
1.81E-10
1.81E-1O
1.81E-10
1.81E-10
5.44E-09
5.44E-09
5.44E-09
5.44E-09
1.21 E-08
1.21 E-08
1.81 E-08
1.81 E-08
2.42E-08
2.42E-08
2.42E-08
2.42E-08
2.79E-08
2.79E-08
2.79E-08
2.79E-08
2.79E-08
1.81 E-08
1.21 E-08
6.04E-09
3.02E-09
1.81E-09
1.21E-09
1.03E-09
6.04E-10

1-129
O.OOE+00
O.OOE+00
O.OOE+00
Ö.O"5E~+ÖÖ
Ö.ÖÖE+ÖÖ
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+OO
O.OOE+OO
O.OOE+00
7.82 É-15
7.82É-15
7.82E-15
7.82E-15
7.82E-15
7.82E-15
7.82E-15
7.82E-15
7.82E-15
7.82É-15
1.96E-10
1.96E-10
6.26E-09
6.26E-09
3.13E-08
3.13E-08
7.82E-08
7.82E-08
1.56E-07
1.56E-07
2.35E-07
2.35E-07
3.13E-07
3.13E-07

; 3.91 E-07
3.91 E-Ö7
4.69E-07

: 7.82E-07
1.56E-06

• 1.96E-06
i 2.35E-06
i 2.66E-06
: 2.66E-06
: 2.66E-Ö6
; 2.66E-06

Ingestion of root
vegetables

CI-36
O.OOE+OO
O.OOE+OO
3.74E-16
1.12E-14
1.50E-13
7.49E-12
7.49E-12
7.49E-12
7.49E-12
2.25E-10
2.25E-10
1.12E-09
1.12E-09
1.12E-09
1.12E-09
1.12E-09
1.12E-09
1.12E-09
1.12E-09
1.12E-09
1.12E-09
3.37E-08
3.37E-08
3.37E-08
3.37E-08
7.49E-08
7.49E-08
1.12E-07
1.12E-07
1.50E-07
1.50E-07
1.50E-07
1.50E-07
1.73E-07
1J3E-07
1J3E-07
1.73E-07
1.73E-07
1.12E-07
7.49E-08
3.74E-08
1.87E-08
1.12E-08
7.49E-09
6.36E-09
3.74E-09

1-129
O.OOE+00
O.OOE+OO
O.OOE+00

ö7döE~+öö
O.OOE+OO
O.OOE+OO
O.OOE+00
O.OOE+OO
O.OOE+OO
O.OOE+OO
O.OOE+00
1.46E-14
1.46E-14
1.46E-14
1.46E-14
1.46E-14
1.46E-14
1.46E-14
1.46E-14
1.46E-14
1.46E-14
3.64E-10
3.64E-10
1.16E-08
1.16E-08
5.82E-08
5.82E-08
1.46E-07
1.46E-07
2.91 E-07
2.91 E-07
4.37E-07
4.37E-07
5.82E-07
5.82E-07
7.28É-07
7.28É-07
8.73E-07
1.46E-06
2.91 E-06
3.64E-06
4.37E-06
4.95E-06
4.95É-06
4.95Ê-Ô6
4.95E-06

Table F.4. Effective dose due to ingestion of grain, green vegetables and root
vegetables (Sv/y).
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Probabilistic case:

Time (y)
1.00E+03
5.00E+03
7.00E+03
1.00E+04
2.00E+04
3.00E+04
4.0ÔÊ+04
5.00E+04
6.00E+04
7.00E+04
8.00E+04
9.00E+04
1.00E+05
2.00E+05
3.Ö0E+Ö5
4.00E+05
5.00EF+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Minimum
0.00E+00
2.33E-03
7.00E-02
3.50E-01
1.05E+01
2.33E+01
2.33E+01
3.50E+01
4.67E+01
5.39E+01
5.39E+01
5.39E+01
5.39E+01
3.50E+01
2.33E+Ö1 "
1.17E+01
5.83E+00
3.50E+00
2.33E+00
1.98E+00
1.17E+00
1.05E+00

Maximum
0.00E+00
2.48E-03
7.45E-02
3.73E-01
1.12E+01
2.48E+01
2.48E+ÖT
3.73É+0"í
4.97E+01
5.74E+01
5.74E+01
5.74E+01
5.74E+01
3.73E+01
2.48É+ÏÏ1
Î.24É+ÏÏ1
6.21 E+00
3.73E+00
2.48E+00
2.11 E+00
1.24E+00
1.12E+00

Mean
0.00E+00
2.41 E-03
7.22E-02
3.61 E-01
1.08E+01
2.41E+01
2.41E+01
3.61E+01
4.81E+01
5.56E+01
5.56E+01
5.56E+01
5.56E+01
3.61E+01
2.41 E+01
1.20E+01
6.01 E+00
3.61 E+00
2.41E+00
2.04E+00
1.20E+00
1.08E+00

STD
0.00E+00
4.65E-05
1.39E-03
6.97E-03
2.09E-01

; 4.65E-01
1 4.65E-Ö1

6.97Ê-01
9.29E-01
1.07E+00
1.07E+00
1.07E+00
1.07E+00
6.97E-01
4.65É-01
2.32É-01
1.16E-01
6.97E-02
4.65E-02
3.95E-02
2.32E-02
2.09E-02

Lower CL
0.00E+00
2.39E-03
7.18E-02
3.59E-01
1.08E+01
2.39E+01
2.39E+01
3.59E+01
4.79E+01
5.53E+01
5.53E+01
5.53E+01
5.53E+01
3.59E+01
2.39E+01
1.20E+01
5.98E+00
3.59E+00
2.39E+00
2.03E+00
1.20E+00
1.08E+00

Upper CL
O.OOE+00
2.42E-03
7.26E-02
3.63E-01
1.09E+01
2.42E+01
2.42Ë+ÔÎ
3.63E+01
4.84E+01
5.59E+01
5.59E+01
5.59E+01
5.59E+01
3.63E+01
2.42E+01
1.21 E+01
6.05E+00
3.63E+00
2.42E+00
2.06E+00
1.21E+00
1.09E+00

Table F.5. Radionuclide concentration in the
and mean, standard deviation of the mean,

aquifer water (Bq / m3) for Cl-36 - Maximum, minimum
lower and upper 95% gaussian confidence limits of the
mean value.

Time (y) ;
1.00E+03 ;
5.00E+03
7.00E+03 .
1.00E+04 .
2.00E+04 '
3.00E+04
4.00E+04
5.ÖÖE+01
6.00E+04
7.00E+04
8.00E+04
9.00E+04
1.00E+05
2.00E+05
3.00E+05
4.ÖÖE+05
5.Ö0E+Ö5
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Minimum
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.54E-08
3.86E-04
1.23E-02
6.Ï7É-02 "
Ï.54É-OÏ
3.08E-01
4.63E-01
6.17E-01
7.71E-01
9.25E-01
1.54E+00
3.08E+00
3.86E+00
4.63E+00
5.24E+00
5.24E+00
5.24E+00
5.24E+00

Maximum
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.11E-07
2.77E-03
8.86E-02
4.43È-Ô1
Î.ÎÎÉ+ÏÏO
2.22E+00
3.32E+00
4.43E+00
5.54E+00
6.65E+00
1.11E+01
2.22É+0"i
2.77É+0Í
3.32E+01
3.77E+01
3.77E+01
3.77E+01
3.77E+01

Mean
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.03E-08
1.01 E-03
3.22E-02
1.61 E-01
4.03E-01
8.06E-01
1.21 E+00
1.61 E+00
2.01E+00
2.42E+00
4.03E+00

r 8.Ö6E+ÖÖ
1.01E+01
1.21E+01
1.37E+01
1.37E+01
1.37E+01
1.37E+01

STD
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.11E-08
5.29E-04
1.69E-02
8.46É-Ó2
2.Î1Ê-Ô1
4.23E-01
6.34E-01
8.46E-01
1.06E+00

: 1.27E+00
; 2.11 E+00
1 4.23E+0Ó
• 5.29É+00
• 6.34E+00
'• 7.19E+00
: 7.19E+00
: 7.19E+00
; 7.19E+00

Lower CL
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.44E-08
8.61 E-04
2.75E-02
1.38E-01
3.44E-01
6.89E-01
1.03E+00
1.38E+00
1.72E+00
2.07E+00
3.44E+00
6.89E+00
8.61 E+00
1.03E+01
1.17E+01
1.17E+01
1.17E+01
1.17E+01

Upper CL
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.62E-08
1.15E-03
3.69E-02
1.85E-01
4.62E-01
9.23E-01
1.38E+00
1.85E+00
2.31E+00
2.77E+00
4.62E+ÖÖ
9.23Ë+ÔÔ
1.15E+01
1.38E+01
1.57E+01
1.57E+01
1.57E+01
1.57E+01

Table F.6. Radionuclide Concentration in the
mean, standard deviation of the mean, lower

Aquifer (Bq / m3) for 1-129 — Maximum, minimum and
and upper 95% gaussian confidence limits of the mean

value.
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Time (y)
1.00E+03
5.00E+03
7.00E+03
Ï.OOÉ+04
2.00E+04
3.00E+04
4.00E+04
5.00E+04
6.00E+04
7.00E+04
8.00E+04
9.ÖÖE+04
1.00E+05
2.00E+05
3.00E+05
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.ÖÖE+05
9.00E+05
1.00E+06

Minimum
O.OOE+00
4.47E-09
1.34E-07
6.70E-07
2.01 E-05
4.47E-05
4.47E-05
6.70E-05
8.94E-05
1.03E-04
1.03E-04
1.03E-04
1.03E-04
6.70E-05
4.47E-05
2.23E-05
1.12E-05
6.70E-06
4.47E-06
3.80E-06
2.23E-06
2.01 E-06

Maximum
0.00E+00
2.70E-06
8.Î0È-05
4.05È-Ô4
1.22E-02
2.70E-02
2.70E-02
4.05E-02
5.40E-02
6.24E-02
6.24É-02
6.24Ê-Ô2
6.24E-02
4.05E-02
2.70E-02
1.35E-02
6.75E-03
4.05E-03
2.70È-03
2.30Ê-Ô3
1.35E-03
1.22E-03

Mean
0.00E+00
1.08E-06
3.25E-05
1.63E-04
4.88E-03
1.08E-02
1.08E-02
1.63E-02
2.17E-02
2.50E-02
2.5ÖE-Ö2
2.501-02
2.50E-02
1.63E-02
1.08E-02
5.42E-03
2.71 E-03
1.63E-03
1.08E-03
9.21 E-04
5.42E-04
4.88E-04

STD
0.00E+00
8.78E-07
2.63È-Ô5
Î.32É-04
3.95E-03
8.78E-03
8.78E-03
1.32E-02
1.76E-02
2.03E-02
2.Ö3E-Ö2
2.Ô3Ê-Ô2
2.03E-02
1.32E-02
8.78E-03
4.39E-03
2.19E-03
1.32E-03
8.78É-Ô4
7.46É-04
4.39E-04
3.95E-04

Lower CL
0.00E+00
8.41 E-07
2.52E-05
1.26E-04
3.78E-03
8.41 E-03
8.41 E-03
1.26E-02
1.68E-02
1.94E-02
1.94E-02
1.94E-02
1.94E-02
1.26E-02
8.41 E-03
4.20E-03
2.10E-03
1.26E-03
8.41 E-04
7.15E-04
4.20E-04
3.78E-04

Upper CL
0.00E+00
1.33E-06
3.98E-Ô5
Î.99É-Ô4
5.97E-03
1.33E-02
1.33E-02
1.99E-02
2.65E-02
3.07E-02
3.07E-02
3.07E-02
3.07E-02
1.99E-02
1.33E-02
6.64E-03
3.32E-03
1.99E-03
Î.33É-Ô3
1.13E-03 "
6.64E-04
5.97E-04

Table F.7. Radionuclide concentration in the solid phase of soil (Bq / kg d.w) for Cl-36 — Maximum,
minimum and mean, standard deviation of the mean, lower and upper 95% gaussian confidence limits

of the mean value.

Time (y)
1.00E+03
5.ÖM+03
7.00E+03
1.00E+04
2.00E+04
3.00E+04
4.00E+04
5.00E+04
6.00E+04
7.ÖÖE+04
8.00E+04
9.00E+04
1.00E+05
2.00E+05
3.00E+05
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Minimum
0.00E+00
d.dÖE+od "
0.00E+00
0.00E+00
3.91E-10
9.79E-06
3.13E-04
1.57E-03
3.91 E-03
7.83É-Ó3
1.17E-02
1.57E-02
1.96E-02
2.35E-02
3.91 E-02
7.83E-02
9.79É-Ô2

' Î.Î7Ë-OÎ
1.33E-01
1.33E-01
1.33E-01
1.33E-01

Maximum
O.OOE+00
Ö.ÖÖE+ÖÖ
ö.ööE+do
O.OOE+00
1.56E-07
3.91 E-03
1.25E-01
6.25E-01
1.56E+00
3.Î3É+00
4.69E+00
6.25E+00
7.82E+00
9.38E+00
1.56E+01
3.13E+01
3.9ÎÊ+0Î
4.69É+0Î
5.32E+01
5.32E+01
5.32E+01
5.32E+01

Mean
0.00E+00
bVoöE+öö '
0.00E+00
0.00E+00
5.76E-08
1.44E-03
4.61 E-02
2.30E-01
5.76E-01
1.15E+00
1.73E+00
2.30E+00
2.88E+00
3.46E+00
5.76E+00
1.15E+01
1.44E+01

r 1.73Ë+Ô1
1.96E+01
1.96E+01
1.96E+01
1.96E+01

STD
0.00E+00
Ö.ÖÖE+ÖÖ
O.ÖÖE+OÖ
0.00E+00
4.32E-08
1.08E-03
3.45E-02
1.73E-01
4.32E-01
8.63Ë-01
1.30E+00
1.73E+00

I 2.16E+00
I 2.59E+00
, 4.32E+00
! 8.63E+00
; 1.08E+01
; í.30É+~0Í
; 1.47E+01
} 1.47E+01
i 1.47E+01
I 1.47E+01

Lower CL
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.56E-08
1.14E-03
3.65E-02
1.83E-01
4.56E-01
9.13E-01
1.37E+00
1.83E+00
2.28E+00
2.74E+00
4.56E+00
9.13E+00
1.14E+01
1.37E+01
1.55E+01
1.55E+01
1.55E+01

I 1.55E+01

Upper CL
0.00E+00
0.00E+00
0.00E+00
0.00E+00
6.96E-08
1.74E-03
5.57E-02
2.78E-01
6.96E-01
Í.39E+00
2.09E+00
2.78E+00
3.48E+00
4.17E+00
6.96E+00
1.39E+01
1.74E+01

' 2.Ö9E+Ö1
2.37E+01
2.37E+01

I 2.37E+01
I 2.37E+01

Table F.8. Radionuclide Concentration in the Soil (Bq / kg d.w) for 1-129 - Maximum, minimum and
mean , standard deviation of the mean, lower and upper 95% gaussian confidence limits of the mean

value.
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Time (y)
1.00E+03
5.00E+03
7.00E+03
1.00E+04
2.00E+04
3.00E+04
4.00E+04
5.ÖÖE+04
6.00E+04
7.00E+04
8.00E+04
9.00E+04
1.00E+05
2.00E+05
3.00E+05
4.Ö0E+Ö5
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Minimum
O.OOE+00
1.11E-11
3.34E-10
1.67E-09
5.01 E-08
1.11E-07
1.11E-07
1.67E-07
2.23E-07
2.57E-07
2.57E-07
2.57E-07
2.57E-07
1.67E-07
1.11E-07
5.57Ë-Ô8 '
2.79E-08
1.67E-08
1.11 E-08
9.47E-09
5.57E-09
5.01 E-09

Maximum
O.OOE+00
2.71E-11
8.13E-10
4.07E-09
1.22E-07
2.71 E-07
2.71 É-07
4.071-07
5.42E-07
6.26E-07
6.26E-07
6.26E-07
6.26E-07
4.07E-07
2.71 E-07
Î.36Ê-07
6.78E-08
4.07E-08
2.71 E-08
2.30E-08
1.36E-08
1.22E-08

Mean
0.00E+00
1.73E-11
5.20E-10
2.60E-09
7.81 E-08
1.73E-07
1.73E-07
2.60E-07
3.47E-07
4.01 E-07
4.01 E-07
4.01 E-07
4.01 E-07
2.60E-07
1.73E-07
8.67E-08
4.34E-08
2.60E-08
1.73E-08
1.47E-08
8.67E-09
7.81 E-09

I STD
I 0.00E+00
: 5.05E-12
: 1.52E-10
i 7.58E-10
I 2.27E-08
I 5.05E-08
; 5.05E-08
; 7.58É-Ô8
I 1.01 E-07
; 1.17E-07
: 1.17E-07
I 1.17E-07

1.17E-07
7.58E-08
5.05E-08
2.53É-08
1.26E-08
7.58E-09
5.05E-09
4.29E-09
2.53E-09
2.27E-09

Lower CL
0.00E+00
1.59E-11
4.78E-10
2.39E-09
7.18E-08
1.59E-07
1.59E-07
2.39E-07
3.19E-07
3.68E-07
3.68E-07
3.68E-07
3.68E-07
2.39E-07
1.59E-07
7.97E-08
3.99E-08
2.39E-08
1.59E-08
1.36E-08
7.97E-09
7.18E-09

Upper CL
O.OOE+00
1.87E-11
5.62E-10
2.81 E-09
8.44E-08
1.87E-07
Î.87É-Ô7
2.81 É-Ó7
3.75E-07
4.33E-07
4.33E-07
4.33E-07
4.33E-07
2.81 E-07
1.87E-07
9.37E-08
4.69E-08
2.81 E-08
1.87E-08-
1.59E-08
9.37E-09
8.44E-09

Table F.9. Total Effective Dose (Sv/y) for Cl-36- Maximum, minimum and mean dose (Sv/y), standard
deviation of the mean, lower and upper 95% gaussian confidence limits of the mean value.

Time (y)
1.00E+03
5.00E+03
7.00E+03
Î.ÔÔÉ+Ô4
2.00E+04
3.00E+04
4.00E+04
5.00E+04
6.00E+04
7.00E+04
8.00E+04
9.501+04
1.00E+05
2.00E+05
3.00E+05
4.00E+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Minimum
0.00E+00
0.00E+00
0.00E+00
d.dÖE+öo n

5.90E-14
1.47E-09
4.72E-08
2.36E-07
5.90E-07
1.18E-06
1.77E-06

' 2.36Ë-Ô6 '
2.95E-06
3.54E-06
5.90E-06
1.18E-05
1.47E-05
1.77E-05
2.01 E-05

r 2.ÔÎË-Ô5
2.01 E-05
2.01 E-05

Maximum
0.00E+00
O.OOE+00
0.0OE+O0
5.Ô5É+ÏÏO
3.001-Ï2
7.50E-08
2.40E-06
1.20E-05
3.00E-05
6.00E-05
9.Ô0È-05
I.20I-Ö4
1.501-04
1.80E-04
3.00E-04
6.00E-04
7.50E-04
9.00E-04
1.02E-03
Î . 021-03
1.02E-03
1.02E-03

Mean
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.66E-13
2.16E-08
6.92E-07
3.46E-06
8.66E-06
1.73E-05
2.60E-05
3.46E-05
4.33E-05
5.19E-05
8.66E-05
1.73E-04
2.16E-04
2.60E-04
2.94E-04
2.94E-04
2.94E-04
2.94E-04

STD
0.00E+00
0.00E+00
0.00E+00
Ö.ÖÖE+ÖÖ
7.44E-13
1.86E-08
5.96E-07
2.98E-06
7.44E-06
1.49E-05
2.23E-05
2.98É-05
3.72E-05
4.47E-05
7.44E-05
1.49E-04
1.86E-04
2.23E-04
2.53E-04
2.53É-O4
2.53E-04
2.53E-04

Lower CL
0.00E+00
0.00E+00
0.00E+00
0.00E+00
6.59E-13
1.65E-08
5.27E-07
2.64E-06
6.59E-06
1.32E-05
1.98E-05
2.64E-05
3.30E-05
3.96E-05
6.59E-05
1.32E-04
1.65E-04
1.98E-04
2.24E-04
2.24E-04
2.24E-04
2.24E-04

Upper CL
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.07E-12
2.68E-08
8.57E-07
4.29E-06
1.07E-05
2.14E-05
3.22E-05
4.29E-05
5.36E-05
6.43E-05
1.07E-04
2.14E-04
2.68E-04
3.22E-04
3.64E-04
3.64É-Ó4
3.64E-04
3.64E-04

Table F.10. Total Effective Dose (Sv/y) for 1-129- Maximum, minimum and mean dose (Sv/y),
standard deviation of the mean, lower and upper 95% gaussian confidence limits of the mean value.
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Time (y)
1.00E+03
5.00E+03
7.00E+03
1.00E+04
2.00E+04
3.00E+04
4.00E+04
5.ÖÖE+04
6.00E+04
7.00E+04
8.00E+04
9.00E+04
1.00E+05
2.00E+05
3.00E+05
4.Ô0Ê+05
5.00E+05
6.00E+05
7.00E+05
8.00E+05
9.00E+05
1.00E+06

Minimum
O.OOE+00
1.11E-11
3.34E-10
1.67E-09
5.01 E-08
1.16E-07
2.10E-07
6.07E-07
1.09E-06
1.75E-06
2.34E-06
2.93E-06
3.52E-06
3.91 E-06
6.15E-06
Î.Î9Ë-05 "•
1.48E-05
1.77E-05
2.01 E-05
2.01 E-05
2.01 E-05
2.01 E-05

Maximum
0.00E+00
2.71 E-11
8.13E-10
4.07E-09
1.22E-07
3.11E-07
2.61 E-06
Î.23Ê-Ô5
3.Ô4È-Ô5
6.05E-05
9.05E-05
1.20E-04
1.50E-04
1.80E-04
3.00E-04
6.00H-Ö4
7.50E-04
9.00E-04
1.02E-03
1.02E-03
1.02E-03
1.02E-03

Mean
O.OOE+00
1.73E-11
5.20E-10
2.60E-09
7.81 E-08
1.95E-07
8.66E-07
3.72E-06
9.00E-06
1.77E-05
2.64E-05
3.50E-05
4.37E-05
5.22E-05
8.67E-05
1.73E-04
2.16E-04
2.60E-04
2.94E-04
2.94E-04
2.94E-04
2.94E-04

STD
0.00E+00
5.05E-12
1.52E-10
7.58E-10
2.27E-08
5.19E-08
5.92E-07

; 2.97É-06
I 7.43E-06
' 1.49E-05
' 2.23E-05

2.98E-05
3.72E-05
4.47E-05
7.44E-05
Î.49É-04
1.86E-04
2.23E-04
2.53E-04
2.53E-04
2.53E-04
2.53E-04

Lower CL
O.OOE+00
1.59E-11
4.78E-10
2.39E-09
7.18E-08
1.81E-07
7.02E-07
2.90E-06
6.94E-06
1.36E-05
2.02E-05
2.68E-05
3.34E-05
3.98E-05
6.61 E-05
1.32E-04
1.65E-04
1.98E-04
2.24E-04
2.24E-04
2.24E-04
2.24E-04

Upper CL
0.00E+00
1.87E-11
5.62E-10
2.81 E-09
8.44E-08
2.09E-07
1.03E-06
4.55É-Ó6
1.11 E-05
2.18E-05
3.26E-05
4.33E-05
5.40E-05
6.46E-05
1.07E-04
2.Î4É-Ô4
2.68E-04
3.22E-04
3.64E-04
3.64E-04
3.64E-04
3.64E-04

Table F.ll. Total Effective Dose (Sv/y) - Maximum, minimum and mean dose (Sv/v), standard
deviation of the mean, lower and upper 95% gaussian confidence limits of the mean value.
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