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OVERALL STRATEGY FOR MANAGEMENT OF PARAMETERS AND DATA 
IN THE BIOSPHERE ASSESSMENT PORTFOLIO 

ABSTRACT 

Throughout the biosphere assessment, the parameters selected to represent the present 
and future biosphere and choices of data values are crucial issues, greatly affecting the 
end result. The necessity of clear strategy for managing parameters and data is obvious; 
how to handle the variability of parameters as such, the selection from different sources, 
the derivation of values of model parameters not readily available, storage of the data in 
a proper manner, and assuring the quality throughout the whole assessment programme. 

In this working report a proposed set of broad guidelines for the overall strategy for the 
management of parameters and data in the biosphere assessment strategy is first 
presented. Thereafter, a scheme is proposed for assuring the knowledge quality of data. 
Finally, a proposal for requirements and management of the biosphere assessment 
database and the current status of the on-going work building the biosphere assessment 
database and interfaces to other tools are presented. 

Keywords: safety case, biosphere assessment, knowledge quality assessment, 
parameters



KOKONAISSTRATEGIA PARAMETRIEN JA NIIDEN ARVOJEN 
HALLITSEMISEKSI BIOSFÄÄRIANALYYSISSÄ 

TIIVISTELMÄ

Kaikkialla biosfäärianalyysin eri vaiheissa nykyistä ja tulevaa kuvaavien parametrien ja 
niiden arvojen valitseminen on ratkaisevaa, sillä lopputulokset riippuvat niistä vahvasti. 
On selvää, että selkeä strategia näiden valintojen tekemiseksi ja parametrien arvojen 
hallitsemiseksi on tarpeen: kuinka käsitellä vaihtelevuutta parametrien sisällä, kuinka 
valita yksikäsitteiset arvot useista eri lähteistä, kuinka johtaa arvot parametreille joille ei 
ole saatavilla valmiita tietoja, kuinka tiedot tallennetaan ja säilytetään asianmukaisesti, 
kuinka kokonaisuuden laatu varmistetaan mahdollisimman aukottomasti. 

Tässä työraportissa esitetään yleiset suuntaviivat parametrien ja niiden arvojen hallinnan 
kokonaisstrategiaksi osana biosfäärianalyysiä. Tämän lisäksi esitetään menettelytavat 
tietämyksen laadunvarmistusta varten. Lopuksi esitetään vaatimuksia ja tarpeita 
biosfääriarvioinnin tietokantaa varten ja luodaan katsaus sen rakentamisen tämän-
hetkiseen tilanteeseen koskien myös liittymiä muihin mallinnustyökaluihin. 

Avainsanat: turvallisuustodisteet, biosfäärianalyysi, tietämyksen laadun arviointi, 
parametrit 
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1 INTRODUCTION 

The plan for a synthesis of evidence, analyses and arguments that quantify and 
substantiate the safety and the level of expert confidence in the safety, i.e. the safety 
case (IAEA 2006, NEA 2004), was prepared in 2004 (Vieno & Ikonen 2005). The 
planning report introduced the Posiva Safety Case Portfolio as the documentation 
management approach, facilitating flexible and progressive development of the safety 
case. In the portfolio, biosphere assessment is one of the main components. Similarly as 
the overall Safety Case consists of main component reports, the biosphere assessment is 
also divided into a number of more easily manageable components each producing one 
or more background reports to be summarised and integrated to the Safety Case main 
level, i.e., the biosphere assessment has also a portfolio structure. For a comprehensive 
picture of the whole Posiva Safety Case, the reader is advised to read Vieno & Ikonen 
(2005) and Ikonen (2006). 

The original biosphere assessment plan was presented in the Safety Case plan (Vieno & 
Ikonen 2005), and has recently been revised by Ikonen (2006). The Biosphere 
Assessment (BSA) Portfolio contains six thematic folders each comprised of one or a 
number of reports, further supported by background reports, and a Biosphere

assessment report to summarise the assessment work and conclusions regarding the 
long-term radiological impacts of the repository (Figure 1-1). 
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Figure 1-1. From Ikonen (2006). Folder structure and main components of the BSA 

Portfolio. The biosphere component titles presented in the Safety Case planning report 

(Vieno & Ikonen 2005) are re-grouped to correspond the current reporting plan. 
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1.1 This report 

Throughout the assessment, the parameters selected and choices of data values are 
crucial issues, greatly affecting the end result. Concerning the biosphere, it is an 
exceedingly complex diverse system under continuous development and is impossible 
to accurately describe and model. To perform an assessment of the biosphere at the 
Olkiluoto site, a large number of parameters and amount of data is unavoidably needed. 
Additionally, the assessment has to consider multiple parallel developments of the site, 
adding another dimension of the complexity to the management of parameters and data. 
Due to the complexity of the task, identifying processes, parameters and data that have 
high impact on the assessment end result is very important; however, it is expected that 
the amount of “high impact” parameters will be quite small. Identifying, and 
prioritising, these in an early stage of the assessment is valuable to facilitate a correct 
focus of resources. 

The necessity of clear strategy for managing parameters and data is obvious: how to 
achieve a systematic prioritisation, how to handle the variability of parameters as such, 
the selection from different sources, the derivation of values of model parameters not 
readily available, storage of the data in a proper manor, and assuring the quality 
throughout the whole assessment programme. At this point, a strict and definite set of 
rules for parameter selection and data acquisition would be too restrictive. For the data 
storage, in a Biosphere Assessment Database, a more detailed list of requirements and 
rules can in this stage be established for the database. 

This report aims at presenting: 

broad guidelines for the overall strategy for the management of parameters and data 
in the biosphere assessment, 
a scheme for assuring the knowledge quality of data, 
a proposal for the information infrastructure in the biosphere assessment work 
(how information should be stored and transferred in a quality controlled way) 

The guidelines and proposals presented in this report are not to be seen as the definite 
concept. It is currently under implementation and will be tested during the forthcoming 
preliminary assessment period of 2007 – 2009; it is expected that the concept will be 
further developed. 
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2 OVERALL STRATEGY 

As stated above, the necessity of clear strategy for managing parameters and data is 
obvious. It is also clear that an extensive database for the parameter values used in the 
BSA Portfolio is needed. In addition, storage of other information than used values in 
the modelling work is also needed, such as results, model descriptions and software 
versions.

A simplistic picture of the transport of data values, parameters and other related 
information throughout the BSA Portfolio could graphically be illustrated as in Figure 
2-1. Four main components, or phases, can be identified: 

Sources (collection of original data) 
Storage (the databases) 
Development (post-processing of data, modelling, calculations etc.) 
Assessment 

Not only the components need to be addresses but as well the interfaces, transitions, 
between the components, represented by arrows in Figure 2-1. The databases will be the 
most central components of the system; it has interfaces towards all other components. 
Physically, the information (site monitoring program data, geographical data, derived 
data, used parameter values, results, etc.) will be stored in be more than one database. 
Here, all the databases managed by Posiva (direct or indirect) that are utilised in the 
BSA Portfolio is denoted Safety Case Databases.  

Safety Case 
Databases

Development

Literature
Databases

Environmental 
monitoring

.

.

.
AssessmentSafety Case 

Databases

Development

Literature
Databases

Environmental 
monitoring

.

.

.
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Figure 2-1. Schematic picture showing the information flow throughout the biosphere 

assessment work. 



6

The structure and the flow of information in between Safety Case Databases are 
discussed in more details in section 4. For the overall strategy described below it is 
sufficient to assume that all information will be part of general “database component”. 
The dotted arrow between development and data sources in Figure 2-1 is not considered 
to be an interface, but aims to reflect that the development of models (or the modelling 
results) can affect the monitoring programme at the site or the selection of data sources. 
In the following sections, each component and the interfaces between phases will be 
discussed. One aspect of the strategy that also is addressed below is where the 
responsibility lies that the data flows correctly. 

The interface between databases and assessment and the assessment component will not 
be treated in this report. The development of the strategy for these two elements will 
take place during the year preliminary assessment stage. 

2.1 Sources 

A vast amount of data from different sources has been collected, and a vast amount is 
still to be collected. A substantial part of the data originates from the environmental 
monitoring programs of Posiva (Posiva 2003), and Teollisuuden Voima Oy, (TVO). An 
area of Olkiluoto Island has been reserved for the production of nuclear power since 
1974, and TVO (the owner of the nuclear power plant) has carried out comprehensive 
environmental studies since. TVO has monitored e.g., the nearby marine and brackish 
systems and also recorded the radioactivity in the environment (Haapanen 2005). Posiva 
was founded in 1995, and has since carried out extensive studies concerning the 
environmental status and monitoring of the environment to produce data for the long-
term safety modelling and environmental impact assessments, including e.g., present 
state and the development of the settlement structure (Ollikainen & Rimpiläinen 1997), 
the bird populations (Yrjölä 1997), and state of the forests on Olkiluoto Island 
(Saramäki & Korhonen 2005). 

In addition of using the actual Olkiluoto site data directly, full use of at least the 
following external databases is envisaged: 

the BIOPROTA specialised database for key radionuclides and process data (see 
www.bioprota.com), 
the International Atomic Energy Agency (IAEA) handbook of parameter values 
(IAEA 1994) and its forthcoming revision (IAEA/EMRAS Working group), 
data and modelling reports from the Swedish Nuclear Fuel and Waste Management 
Co, (Bergström et al. 1999, Karlsson et al. 2001, SKB 2001) and site reports 
(Lindborg 2005 and references therein), 
data reports from Ontario Power Generation, (Garisto & Gierszewski 2002; Garisto 
et al. 2004, 2005; Sheppard et al. 2002, 2004a-b, 2005a-b). 

One important source to consider is the inland regions in western Finland that are, 
virtually certainly, analogues to the future site. These inland reference areas need to be 
defined and studied, or at least the existing literature and data collected, during the 
subsequent progress of the biosphere assessment (Ikonen 2006). 
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Guidelines for sources 

The data sources are the first link in the chain, and here is the first priority not missing 
any essential information. Consequently, criteria for selecting data and excluding data 
should be rather sparse to minimise the risk of missing any essential data; especially 
since the quality assurance of data takes place in a later stage of the chain. 

Basically, there is only one requirement for data sources: 

The contents of the sources should be traceable back to the original empirical 
source

Responsibility 

The responsibility for deciding and documenting which sources should be included, or 
excluded, for possible usage in the biosphere assessment lies mutually at the persons 
forming the Biosphere Assessment Team, see section 5 in Ikonen (2006). 

2.2 Source to database interface 

The sources originate from, for example, local environmental monitoring programs, 
regional data national databases, and publications from various organisations all over 
the world, thus the format of the information in the sources is clearly of a very varying 
kind. A few guidelines need be outlined to make the transfer of data into the database 
smoother, and to minimise the risk for misinterpretation of data. Again the first priority 
is to not loose, or distort, any essential information. 

General guidelines 

The data values should be supported by sufficient information to ensure 
unambiguous interpretation of units and the circumstances/conditions under which 
the values are valid. 
The terminology used should, when possible, follow accepted scientific 
conventions. 
Units not following International System of Units (SI) should be avoided. 

People with good knowledge about the parameters in question are most qualified to 
follow the stated guidelines to the full extent. Thus, it is advantageous if the producers 
of the data, or people with sufficient knowledge, perform the task of either inputting 
data to the database or preparing the data. The preparation can, for example, be a written 
instruction how to extract data from a source and which properties needs to be included 
in the database to fulfil the requirements stated in the guidelines. 

Responsibility 

For this interface, there is no need to identify any responsible person(s). 
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2.3 Safety Case Databases 

As stated above, the overall strategy is based on a four-component set-up (Figure 2-1) 
and do not treat interchanges of information in between the different databases, or other 
forms of data storage, included in the Safety Case Databases component, below denoted 
SCD. In practice, SCD will include at least three databases (POTTI, the GIS Database 
and the Biosphere Assessment (BSA) database) and a document management system  
(Kronodoc). Kronodoc, POTTI and the GIS database are utilised within the whole 
Safety Case project and the BSA database is used merely within the BSA Portfolio. The 
overall strategy for the SCD is described in this section. More detailed discussion of the 
infrastructure of the individual databases and how they are connected to e.g., assessment 
tools is found in section 4. 

The SCD is not intended for just storing data, it is a multi-purpose component. Within 
the frame of the SCD following task are performed: 

Storage of parameter and data values with uncertainties 
Storage of derived data 
Storing of references, original sources and supporting materials 
Storing results from modelling and sensitivity analysis 
Quality assessment of data 

General guidelines 

It is important that all parts of the SCD will have a high level of security to assure the 
integrity of the contents, both at present time and for a sufficient long time into the 
future, due to the long timescale of the Safety Case project. 

To be able to extract appropriate data for further use in the biosphere assessment and 
modelling, several kinds of information has to be included for a large part of the 
parameter values. The amount of attached information depends, of course, on the 
parameter. Generally, for parameter values the following information should be 
included (if possible): 

descriptive statistics (e.g., best estimates, probability density functions, boundary 
values),
restrictions for where a value is valid (spatial perspective), 
restrictions for when a value is valid (temporal perspective), 
radionuclide-specific properties, 
correlation(s) to other parameters, 

Responsibility 

Posiva has the overall responsibility for the SCD. For the BSA database the following 
responsibilities can be identified: 

The Biosphere Assessment Coordinator (Ikonen 2006) is responsible for the 
security and the integrity, 
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The practical handling of security and integrity may be delegated to one (or more) 
by Posiva appointed system administrators(s).  
The responsibility for the data contents in the database is dependent on the usability 
status (cf. section 4.2.1). 
The Biosphere Assessment Coordinator is responsible for all data that have been 
quality assured, either the data has been accepted or rejected. 

2.4 Databases to development interface 

The interface between the databases and development mainly contains the crucial task 
of selecting parameter values as input to the modelling runs. Selection of values 
depends, of course, on the scenario, variant and case in question, and in addition to the 
models themselves and the modelling level (e.g., degree of realism and 
conservativeness). The selection of appropriate values is made easier if the content of 
the database is as complete as possible (see section 2.3). For assessment modelling runs, 
a prerequisite for the values are that they have been accepted by using the knowledge

quality assessment procedure described in section 3. 

The general guidelines below addresses three issues in the selection procedure: 

conservativeness constraint, 
priority and representativeness of data, and 
lack of data, ”data gaps”. 

General guidelines 

Conservativeness constraint 

The data applied in the biosphere assessment modelling shall be selected on the basis 
that the results, with high degree of certainty, overestimate the radiation exposure and 
radioactive release likely to occur. Simplification of the models as well as the 
determination of input data for them shall be based on the principle that the performance 
of any feature will not be overestimated but neither overly underestimated. The various 
models and input data shall be mutually consistent, apart from cases where just the 
simplifications in modelling or the aim of avoiding the overestimation of the 
performance of features implies apparent inconsistency (Ikonen 2006). It is not possible 
to give simple guidelines how to chose a parameter value to ensure that the results will 
not be overly conservative but still pessimistic enough. This is an iterative process that 
will continue to be developed during the biosphere assessment. In this report, one aspect 
of the confidence building in the fulfilment of the conservativeness aspect is addressed. 

Most parameters have a clear monotone relationship between the radiation exposure and 
the chosen parameter value, e.g., higher values of a certain parameter results in higher 

exposure. In addition, if this relationship also is valid for most calculation cases, one 
can be more confident that the conservativeness constraint is fullfilled. However, there 
might be parameters where the chosen values are more difficult to defend from a 
conservativeness constraint point-of-view. Some parameters, e.g., sorption coefficient, 
might show positive relationship (higher value leads to higher exposure) in one 
calculation case and the opposite relation in another calculation case (lower value leads 
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to higher radiation exposure). It might even occur that same parameter shows both 
positive and negative relationship in the same model (e.g., in a landscape the situation 
might occur that a high sorption coefficient is detrimental for the resulting radiation 
exposure in one ecosystem and beneficial in another); this case might require an 
optimisation of the parameter values, or use of multiple values for the same parameter, 
to ensure that the choice is conservative. 

The approach to treat this issue is by an iterative process, at least for the parameters 
most affecting the result. If no conservative values can be chosen on beforehand, use the 
best estimates as initial values, and increase/decrease the values in a second modelling 
run according to results from sensitivity analysis. This is repeated, for each parameter, 
until an undisputed relationship between the radiation exposure and the chosen 
parameter value can be shown (e.g., by plotting the resulting radiation exposure versus 
the parameter values). 

Priority and representativeness of data 

Parametric values derived from a well-established theoretical basis and inherent high 
statistical quality does not automatically mean that they are suitable to use as input into 
the modelling, the data must also be representative for the conditions at the Olkiluoto 
site. To minimise the uncertainties due the use of non-representative data, site-specific 
data should primarily be used, complemented with more generic data where needed. For 
ecosystems not currently existing at the site, regional data, such as the inland reference 
sites, should be used whenever possible, with proper attention to the representativeness 
of the area. Only secondarily generic literature data should be used with focus to most 
similar conditions taking into account also the needed amount of data entries for 
establishing a solid basis (Ikonen 2006). 

Many parameters in nature have an inherent variability and need to be described either 
by “best estimated values” or by probability distributions. To make best use of the 
modelling tools employed in the biosphere assessment, such as Pandora (Åstrand et al.
2005) and Eikos (Ekström & Broed 2006), probability distributions should be used as 
widely as possible for the most significant parameters. Well-founded distributions can 
be obtained by using procedures such as the ones established in the latest assessments 
by the Ontario Power Generation, OPG, (e.g. Garisto & Gierszewski 2002, Sheppard et 

al. 2002, 2004a-b, 2005a-b). Slightly modified, the derivation of a distribution consists 
of the following steps (modified from Ikonen 2006):

listing, with adequate descriptive comments, all potentially relevant data entries 
available (site studies, generic literature; monitoring, experimental),  
reasoning whether include or not with regard to the scenario/case definition, the 
assessment context and other factors affecting to the parameter selection (the 
“parameter strategy”),  
using weighing factors if reasonable, e.g. based on the conclusions from the data 
quality assessment methodology described in section 3,
fitting a probability distribution to the included data entries, preferably supported 
by theory, especially if the shape of the distribution is not obvious from the data set 
collected,
using the established distribution as input in the modelling.
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Lack of data – “data gaps” 

Data gaps refer to parameter values that are not available due to the simple fact that 
measured data are not available. Using regional or generic data when site-specific data 
is not available could be regarded as a “data gap”, however in this context it is treated as 
an issue of representativeness. Basically, there are two obvious ways to overcome the 
obstacle with non-existing data: do more experiments and research, or use existing data 
for a different parameter (or same parameter, but different conditions) thought to 
sufficiently represent the wanted data, i.e., utilise an analogue. In many cases 
experiments could supply the desired data, but might be technically difficult, even 
impossible, or the resources are not available. If the parameter is not of very great 
importance for the confidence in the outcome, the use of an analogue can be justified. 
Guidelines are currently under development in the IAEA’s EMRAS Programme in 
order to help users/modellers to derive assessment specific data from other existing 
data; the strategy described below is based on an early draft produced by a working 
group1 in the EMRAS Program. A thorough knowledge is required of the system for 
which an analogue is sought to derive parameter values. Its relevant processes and 
features have to be known, such as time scales of these processes, physical, chemical 
and physiological properties of the environment and relevant media (features). Three 
main types of analogue can be identified:  

The same parameter obtained for another isotope of the same element (e.g. using 
data obtained for a stable isotope for a radioactive one) – analogue isotopes; 
The same parameter obtained for another element – analogue elements; and 
A different parameter obtained for the same element (e.g. applying the soil–plant 
transfer factor for one crop to another crop) – analogue parameters. 

Although care will be needed to consider the characteristics of each individual case, a 
general order of preference for data sources would be as follows: 

1. Data for the specific parameter of interest for the specific isotope of interest; 
2. Data for the specific parameter of interest for another isotope of the same element 

(preferably not a short-lived isotope); 
3. Data for the specific parameter of interest for an analogue element; 
4. Data for a related parameter (e.g. different plant type or animal product) for the 

specific isotope/element of interest. 
5. Data for a related parameter for an analogue element. 

The internal order of options 3 and 4 in particular will be calculation case specific, and 
judgement will be necessary. 

1 IAEA EMRAS (Environmental Modelling for Radiation Safety), Theme 1 - Radioactive Release Assessment, 
Working Group 1 - Revision of IAEA Technical Report Series No. 364 “Handbook of parameter values for the 
prediction of radionuclide transfer in temperate environments”. 
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Responsibility 

The modellers, in co-operation with the Biosphere Assessment Core Group (Ikonen 
2006), are responsible for compiling the set of values used during the preliminary 
assessment stage. The Biosphere Assessment Coordinator, in co-operation with the 
Biosphere Assessment Team, is responsible for selecting the final parameter values for 
use in the assessment. 

2.5 Development 

This component contains how chosen parameter values are used in modelling and 
calculations. Guidelines for handling parameters and data used as input into 
development is discussed in section 2.4, and how the outcome from this component is 
discussed in section 2.6. Within the development component, a formalisation of 
straightforward guidelines for handling parameters and data cannot be done. For a more 
elaborate discussion about modelling approaches and assessment development tools, the 
reader is referred to (Ikonen 2006). 

2.6 Development to databases interface 

The strategy for this interface depends, for the modelling, if it is part of the preliminary 
assessment or the actual assessment stage of the biosphere assessment work. Regarding 
other types of produced and used information, such as written reports, supporting 
documents etc, the use of Kronodoc is strongly recommended. 

For modelling work during the assessment stage, the data used must be transparently 
documented with references to the databases and other sources, also expert judgement 
applied in the selections must be documented with proper rationale, and due to the 
extent of parameter values, the publication of a separate biosphere data report is planned 
(Ikonen 2006). The structure of the data report is recommended to follow the format in 
(SKB 2001); for more details see section 4.2.4 in (Ikonen 2006). In addition to the data 
report, technical information such as the models themselves, the modelling tools and 
codes, and the modelling engine software versions need to be properly documented. 

For modelling work during the preliminary assessment stage the aim is to populate the 
database, assure the quality of data, and test and finalise reporting criteria and formats 
for the assessment stage. For these tasks, some guidelines are provided here. 

General guidelines 

For all modelling work performed during the preliminary assessment stage, the features 
listed below should be documented. 

The model set-up and the underlying mathematical basis 
Used parameters (if analogues are used, theses should be pointed out) 
Parameter values and distributions (with references) 
Values not originating from a Safety Case Database should be listed separately 
Modelling tool (preferably also including codes, modelling engine, software 
versions etc.) 
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If a value or a distribution is not taken directly from a specific reference, a remark 
should be attached to the table explaining the rationale of derivation or mere selection of 
the data. It is also recommended to justify the selection of the data source in any case, 
unless obviously referring to good-quality site data. 

What results from the modelling runs to document will have to be decided on a case by 
case basics, depending on the purpose of the modelling work. 

Responsibility 

The modellers are responsible for documenting the features in the list above. The 
Biosphere Assessment Team is responsible for deciding what results to document from 
the modelling runs.
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3 KNOWLEDGE QUALITY ASSESSMENT 

In the BSA Portfolio, there are issues common to all, or many, of the components, 
denoted overlapping issues (Ikonen 2006). One important overlapping issue is to assess 
and demonstrate the quality in all knowledge2 used throughout the work. In this respect, 
high quality means that the underlying knowledge is applied in a consistent manner and 
is optimal for use in the site-specific assessment of long-term radiological impacts of 
the repository. The Posiva concept for achieving this is by Knowledge Quality 

Assessment (KQA); for a full overview of the KQA concept see Ikonen (2006). 
Implementing the KQA concept can, in a condensed way, be described as developing a 
set of tools and recommending which tools should be utilised in the different parts of 
the biosphere assessment. To best utilise the KQA concept, it should be used iteratively 
and implemented as early as possible in the assessment work. The tools include 
methodology for classifying uncertainties, standardised protocols for assessing the 
overall confidence and consistency, pedigree analysis for quantifying the knowledge 
and data basis, relative importance assessment of data and parameters, and the BSA 
database for management of the quality acceptance of data. 

For complete traceability, it is also important to document where judgements have been 
made and by whom. To make this systematically, a standardised form needs to be 
developed for the experts to fill in. The proposed concept to be adopted in the BSA 
Portfolio is designed so the requirements above are addressed automatically and 
systematically. Below are tools relevant for performing KQA for the types of 
knowledge presented in section 2 (i.e., data, facts and judgments) and some 
recommendations how to implement them discussed. 

3.1 Overall judgement 

All the results from the protocols and methods described in section 3.2 to 3.7 should be 
put together, and an overall view of the main issues compiled. Instead of predefined 
protocol, these issues should already rise from the assessment process after a review. 
Together with the overall judgement, recommendations for the further work and use of 
the models being analysed, and especially their results, should be made. 

3.2 Identifying and managing uncertainties 

Classifying uncertainties in safety assessment can be made in many ways. For the scope 
of this report uncertainty included in input data, calculated or modelled data, processes 
and judgments needs to be categorised. The first step is to judge if an uncertainty can be 
regarded as aleatoric or epistemic. Aleatoric uncertainties arise from the natural 
randomness or heterogeneity of the parameter itself. This type of uncertainty is 
irreducible (cannot be reduced through further testing and data collection). However it 
might be possible to characterise the parameter better. Epistemic uncertainties arise 
from the lack of knowledge. Epistemic uncertainties are reducible; conducting further 
research, testing or data collection can decrease the knowledge gap. Note that there 

2 In the context of the Biosphere Assessment, knowledge can be considered to consist of data, facts, concepts, 
models, judgments, expectations, methodologies and know-how. 
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might be an epistemic uncertainty introduced in the categorisation process itself; i.e.,
uncertainties today regarded as aleatoric might overestimated be due to lack of 
knowledge. However, in practice is it seldom straightforward to distinguish between 
aleatoric and epistemic uncertainties. 

Uncertainties in input data judged as aleatoric can be accounted for using appropriate 
probability distribution functions, or at least best estimates in conjunction with 
boundary values. Estimating the aleatoric uncertainty in modelling outcome can be 
accomplished by using one model to create an ensemble of integrations (probabilistic 
approach). Fitting an appropriate probability distribution function to the range spanned 
by the outcomes then represents an estimate of uncertainty associated with random 
processes and natural variability. The mean (geometric or arithmetic depends on the 
probability distribution function) of the ensemble then represents a best estimate. The 
degree characterisation of a parameter will be dependent on it’s impact on the 
assessment end result: “high impact” parameters should be, if possible, described by 
well-established site-appropriate probability distribution functions, for “low impact” 
parameters, best estimates are likely sufficient. 

Uncertainties judged as epistemic have generally two origins: incomplete data sets or 
incomplete understanding of the process. In modelling, epistemic uncertainties can also 
be introduced due to model conceptualisation and erroneous parameter/data selections. 
The tools used in the BSA Portfolio to systematically handle epistemic uncertainties are 
consistency and confidence assessment protocols (section 3.3) and pedigree analysis 
(section 3.4). Pedigree analysis quantifies the uncertainty, which have the advantage 
that it can be used in conjunction with other KQA parameters, such as results from 
sensitivity analysis, to get a more comprehensive picture of the overall quality in the 
underlying knowledge. 

3.3 Consistency and confidence assessment protocols 

In the Site Descriptive Modelling programme of the Swedish Nuclear Fuel and Waste 
Management Co (SKB) a methodology based on protocols have been developed for 
assessing the overall confidence in the modelling (see e.g. SKB 2004), and is further 
applied in the Olkiluoto Site Description 2004 (Posiva 2005, p. 333-371). Ikonen (2006) 
have recommended that these protocols are applied within each folder and reporting 
level. Here are the parts of protocols concerning data and parameters summarised, for a 
more comprehensive description, the reader is advised to (SKB 2004) and (Posiva 
2005). The protocols are formed as a set of topics, which advantageously can be 
rephrased into questions for easy use in workshops and exercises, for each issue 
addressed. Some questions are only relevant to ask once in the flow of information 
(Figure 2-1), and some are relevant to ask in more than one place, producing multiple 
answers from different point-of-views. Below are the protocol questions treated, and 
recommendations for where to apply them, by referring to the components in Figure 
2-1.
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3.3.1 Are all data considered and understood? 

The method of interpretation is key to the assessment of confidence. Treating all types 
of data and the interpretations of the different observations in a similar and unbiased 
manner enhances confidence. Table 3-1 shows the topics for the questions to ask (from

Table 3-1. The topics related to data consideration and understanding. 

Topic Response wanted from 

Data that have been used - All modelling (1)

- Assessment 

Available data that have not been used, and the reason for 
exclusion (e.g., not relevant, poor quality, lack of time, etc.) 

- All modelling 
- Assessment 

What would have been the impact of considering excluded data - All modelling 

How was the accuracy of data established (e.g., the used QA 
procedures)

- Sources 
- All modelling 
- Assessment 

Data (types) where accuracy is judged to be low and 
quantification of the accuracy if possible 

- Sources 
- All modelling 

Biased data produced and used in the modelling, and how these 
can be corrected for bias 

- All modelling 

(1) Includes Site modelling, Terrain and ecosystems development modelling (TESM), Landscape 
modelling (LSM) and radionuclide transport modelling (RNTM) 

Posiva 2005), and from which components in the information flow structure answers 
are wanted. 

On the basis of the descriptions of the topics in Table 3-1, assessment should be 
performed both topic by topic and for the overall situation. In addition to the protocol, a 
transparent documentation of site-specific, site-generic (regional) and cartographic data 
used in either constructing the models or defining the parameter values is recommended 
(Ikonen 2006); Table 3-2 shows an example of documentation of cartographic data. It is 
recommended that this approach for documentation is applied whenever possible. 
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Table 3-2. Example of available cartographic data and their use in the landscape 
models (from Ikonen 2006). 

Landscape domain Data  Use 

Terrestrial areas Base map, 
raster 
format (1)

Overview of the region, estimation of catchment 
areas outside the elevation model, qualitative data 
on reference landscape features (e.g. lakes and 
rivers) not existing in the model area at present 

 Base map, 
vector data 
on Olkiluoto 
Island (1)

Altitude contours used to construct the elevation 
model

 Catchment 
area
database (2)

Not used (lack of time), but would be useful 
finding current land areas affecting the future 
landscapes of interest and for deriving regional 
catchment area statistics 

Marine areas Nautical 
maps (3)

Depth information used to construct the elevation 
model

(1) National Land Survey 
(2) Finnish Environment Institute 
(3) Maritime Administration 

3.3.2 Uncertainties and potential for alternative interpretations or models 

Small estimated uncertainties and the inability to produce many different alternative 
interpretations or models from the same database are indications of confidence – no 
strict proof although. A related issue is whether new measurements or other tests could 
resolve uncertainties or distinguish between alternatives and thereby further enhance 
confidence (Posiva 2005). In the biosphere assessment, the latter relates especially to 
the parameter data and the further to the terrain and ecosystems development modelling 
but even more pronouncedly to assessment of future human activities and the 
formulation and details of the overall cases and variants. 

In addition to the conceptual uncertainty there are other types of uncertainties that also 
need to be assessed, such as data uncertainty, spatial and temporal variations, 
applicability of database information (both site-specific and generic), measurement 
error, experimental conditions, modelling error, etc. Especially important is to 
differentiate if uncertainties are mainly caused by inaccuracy in data, poor information 
density or limited understanding of the process involved; this will mainly be handled by 
utilising pedigree analysis (see section 3.4, and Ikonen, 2006) It is also important to 
report to what extent the parameter, geometry or process is based on support from 
different data, rather than being based on “simple” extrapolation. A related issue is 
whether the selected model or process description, with its parameters, has been 
determined through a validation exercise (Posiva 2005). 
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Table 3-3. The topics related to uncertainties and potential for alternative inter-
pretations or models. 

Topic Response wanted from 

Listing the main uncertainties - All modelling (1)

- Assessment 

Determination of the cause of the uncertainty (e.g., data 
inaccuracy, insufficient information density, uncertainty in 
other model or process understanding) 

- All modelling 

Noting whether the property and associated uncertainty has 
been determined using information from more than one source 
(incl. validation) 

- All modelling 

Assessing the impact on other parts of the entirety under the 
assessment 

- All modelling 

Quantification of the uncertainty (with appropriate internal or 
external references) 

- Databases (2)

- Site modelling  
- TESM (3)

- LSM (3)

- RNTM (3)

Determining whether there is a potential for an alternative 
representation and whether an alternative has actually been 
developed (if yes, this will be assessed in a subsequent 
protocol)

- All modelling 

Determining whether there are unused data which could be 
used to reduce uncertainty 

- All modelling 

Deciding what new data would potentially help resolve 
uncertainties (input to further research programme) 

- All modelling 

(1) Includes Site modelling, Terrain and ecosystems development modelling (TESM), Landscape 
modelling (LSM) and Radionuclide transport modelling (RNTM) 

(2) This should be recorded for all data, where quantifiable uncertainties exist, directly in the database, 
thus no protocol is needed 

(3) Tools developed for sensitivity analysis, such as EIKOS (Ekström & Broed 2006) should be 
employed as much as possible 

In Table 3-3 are the topics related to uncertainties and potential for alternative 
interpretations and models listed. On the basis of the descriptions of the topics in Table 
3-3, assessment should be performed both topic by topic and for the overall situation. 
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3.3.3 Consistency between different modelling levels 

Consistency between the different disciplines, models and modelling levels is important 
for the confidence building. The protocol for assessing the consistency includes an 
interaction matrix answering to the following questions (Posiva 2005):  

Which aspects of the “source” modelling level/discipline would be valuable to 
consider in developing the “target” modelling level/discipline? The answers should 
be based on overall process understanding and on the answers to the questions on 
the impacts on uncertainties and alternatives (see above). 
Which aspects of the “source” modelling level/discipline have actually been used 
when developing the “target” modelling level/discipline 
Are there any discrepancies between the answers to the first and second question? 

In addressing the questions, emphasis should be put on issues judged to be important 
and not explaining why unimportant interactions are indeed so. Conclusions should be 
drawn both on impacts to each modelling level/discipline and for the overall 
assessment. 

3.3.4 Consistency with understanding of past evolution 

In the conventional biosphere modelling consistency checking against the past evolution 
of the site is not rational. However, in the biosphere assessment also more site 
descriptive components are included. Thus, this protocol should be applied to the 
science folders, i.e., to models of present ecosystems, terrain and ecosystems 
development modelling and the process descriptions and possible process models 
(Ikonen, 2006). It is essential for confidence building that the model descriptions and 
results can explain, or at least not contradict, the natural processes considered as being 
important. Comparing the understanding of the past evolution to the behaviour and 
outcomes of the models may provide important contributions to confidence, even if it 
may not be developed into a “proof”. For example, the model of the development of the 
topography and shoreline should be reasonable in relation to historical records 
(Ikonen, 2006). 

In the protocol for assessing this issue, two questions are to be answered for each 
significant time period of past and each key aspect of the modelling (Posiva 2005):  

Is the model consistent with evolution in the time period of past? 
Are there findings from the modelling suggesting a need to update the evolutionary 
model? 

3.3.5 Comparison with previous model versions 

Comparison with previous model versions might be more revealing in case of site 
modelling because of new measurement data becoming available and in principle giving 
better understanding of the site. In the case of biosphere modelling it is rarely so, except 
for some individual process models and the Biosphere Site description, but still it is 
worth documenting the changes to previous version with all the modelling. 
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Table 3-4. The topics related to comparison with previous model versions. 

Topic Response wanted from 

Changes compared to previous model version - All modelling (1)

If there were any “surprises” associated with these changes - All modelling 

If the changes are internal or caused by changes in input data or 
other information provided by other modelling or interpretation 
process

- All modelling 

If the changes are significant or only concern details. - All modelling 

(1) Includes Site modelling, Terrain and ecosystems development modelling (TESM), Landscape 
modelling (LSM) and Radionuclide transport modelling (RNTM) 

Table 3-4 shows the topics to discuss concerning model changes (from Posiva 2005). 
On the basis of the descriptions of the topics in Table 3-4, assessment should be 
performed both for each topic and for the overall situation. 

3.4 Pedigree analysis 

Traditional quantitative uncertainty and sensitivity analysis techniques lack to provide 
any analysis and diagnosis of the uncertainties introduced in unquantifiable information; 
these are due to e.g., uncertainties in the model conceptualisation, process 
understanding and parameter/data selections. To get a more comprehensive picture of 
the overall uncertainty, pedigree analysis is a good complement to traditional 
techniques. The results from pedigree analysis can also be used in conjunction with 
results from the relative importance analysis (section 3.5) to capturing both quantitative 
and qualitative aspects of the total uncertainty; this multi-dimensional uncertainty 
approach is briefly discussed in section 3.6. Below is a short summary of the method 
and the proposal how to apply it for parameter data in the biosphere assessment; for 
more information of the issues see (Ikonen 2006, van der Sliujs et al. 2005, Funtowicz 
and Ravetz 1990). 

Pedigree analysis is one part of the NUSAP method, proposed by Funtowicz and Ravetz 
(1990); which aims to provide an analysis and diagnosis of uncertainty in the 
knowledge base of complex (environmental) policy problems; capturing both 
quantitative and qualitative dimensions of uncertainty, and enables one to communicate 
uncertainties in a standardised and self-explanatory way (van der Sliujs et al. 2005). The 
NUSAP acronym stands for Numeral Unit Spread Assessment Pedigree, where the first 
three qualifiers analyse the quantitative part of the uncertainty and the two last analyse 
the qualitative part. The last qualifier, Pedigree, conveys an evaluative account of the 
production process of information, and indicates different aspects of the underpinning of 
the numbers and scientific status of the knowledge used (van der Sliujs et al. 2005). 
Pedigree analysis is performed by letting a group of experts individually judge as set of 
criteria for each chosen aspect of information, by means of a matrix where a numerical 
score, from one to four, is linked to a linguistic description. 
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Table 3-5. Established criteria and brief rationales for the pedigree analysis of data 
quality.

Criterion Brief rationale 

Empirical quality Empirical quality typically refers to the degree to which direct 
observations, measurements, and statistics are used to estimate a 
parameter. Parameters based upon highly reliable empirical data 
will generally score high. Parameter determined by indirect 
methods, e.g., based on partial measurements or calculated from 
other quantities, will generally have a weaker empirical quality 
and result in a lower pedigree score. 

Statistical quality Statistical quality evaluates how well the data fits to statistical 
models.

Appropriateness
for Olkiluoto 

For the needs of genuinely site-specific biosphere assessment a 
measure of appropriateness for Olkiluoto is used also, since a high 
score on empirical and statistical quality does not automatically 
mean that existing data is suitable to use at a specific site. 

Methodological
rigour

Some method will be utilised for collecting, checking, and revising 
the data that underlies the parameter estimates. Methodological 
rigour measures the quality of data against the norms applied by 
peers in the relevant disciplines. Well-established and respected 
methods for measuring and processing the data will result in a high 
pedigree score high, while untested or unreliable methods will 
score low. 

Validation The criterion of validation refers to the degree of crosschecking 
data and assumptions used to produce the numeral of the 
parameter against independent sources that have been performed. 
Data that have been compared with appropriate sets of 
independent data to assess its reliability will result in a high 
pedigree score. However, other data sets must be used when 
independent data is lacking. This may require a compromise in the 
length or overlap of the data sets, or may require use of a proxy 
variable for indirect validation, or perhaps use of data that has 
been aggregated on different scales. The more indirect or 
incomplete the validation, the lower the pedigree score will be. 

The obvious application for the scope in this report is to perform pedigree analysis to 
evaluate the quality of data, which is discussed below. Pedigree analysis will further be 
used in the biosphere assessment to evaluate the understanding of processes and 
parameterisation, which is discussed in (Ikonen 2006). The results from the experts’ 
judgement (pedigree scoring) will be used to evaluate the strength, which reflects of the 
quality of the underlying knowledge base. The strength can be expressed as a numerical 
quantity, equal to the mean pedigree score. For evaluation of the quality of the data, at 
least for the most important parameter values or other data, the criteria listed in Table 
3-5 should be included in the pedigree analysis. 



Table 3-6. Pedigree matrix for evaluation of the quality of data. 

Score Empirical quality
3
 Statistical quality

3
 Appropriateness for Olkiluoto Methodological rigour

4
 Validation

4

4 Controlled
experiments, large 
sample of direct 
measurements. 

Excellent fit to a 
well-known
statistical model. 

Site-specific or virtually certainly site-
independent data. 

Best available practice in 
well-established 
discipline.

Compared with 
independent
measurements of 
the same variable 
over large domain. 

3 Historical or field 
data, less controlled 
experiments, small 
sample of direct 
measurements. 

Good fit to a reliable 
statistical model by 
most fitting tests, but 
not all. 

Regional or likely site-independent data. 
Localised data or data from similar 
sites5, likely that it is appropriate. 

Reliable method common 
within established 
discipline or best 
available practice in 
immature discipline. 

Compared with 
independent
measurements of 
closely related 
variable over 
shorter period. 

2 Modelled data, 
indirect
measurements, 
handbook estimates. 

Fitting tests not 
significant, model 
not clearly related to 
data, or model 
inferred from similar 
data.

Localised data, good reliability in the 
localisation procedure. Localised data or 
data from other similar sites5, medium 
likelihood that the data is appropriate. 

Acceptable method but 
limited consensus on 
reliability. 

Measurements not 
independent proxy 
variable limited 
domain. 

1 Educated guesses, 
very indirect 
approximations, 
thumb rules. 

No statistical tests or 
fitting, subjective 
model. 

Data from other sites, with scientifically 
supported relevance. Localised data or 
data from other similar sites5, unlikely to 
be totally appropriate. 

Preliminary methods of 
unknown reliability. 

Weak and very 
indirect validation. 

0 Pure guesses. Ignorance model 
(uniform). 

Data from other sites, with no 
scientifically supported relevance. Data 
from other sites, exceptionally unlikely 
to be totally appropriate. 

No discernible rigour. No validation 
performed.

3 Applied from Ellis et al. 2000a,b 
4 Applied from Jeroen et al. 2002 
5 Sites with similar conditions/properties to Olkiluoto (well-reasoned comparison). 

23
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Table 3-7. Recommended descriptive terminology of levels of certainty for the 
uncertainty analyses (Ikonen, 2006). 

Score Description of confidence 
Corresponding

probability range 

4 or 0 Virtually certain > 99 % 

3 or 1 Likely 66 – 99 % 

2 Medium likelihood 33 – 66 % 

1 or 3 Unlikely 1 – 33 % 

0 or 4 Exceptionally unlikely < 1 % 

The pedigree matrix for evaluating the quality of data, based on the criteria in Table 3-5, 
is presented in Table 3-6. For unifying the descriptions of the scoring levels, certain 
terminology, compatible with the pedigree scoring range, has been defined (Ikonen 
2006) used, and is presented in Table 3-7. 

3.5 Relative importance 

As mentioned in the introduction, identifying processes, parameters and data that have 
high impact on the assessment end result is very important; the two tools presented 
below will facilitate in achieving this. 

3.5.1 Sensitivity analysis 

Sensitivity analysis is used to apportion the relative importance each uncertain input 
parameter has on the output variation. Sensitivity analysis is an essential tool in, 
especially, simulation modelling. For the scope of this work, use of sensitivity analysis 
applies mainly to storing of modelling results and sensitivity analysis results in the 
databases (see section 2.3).  

In the radionuclide transport modelling in the BSA Portfolio, the tool EIKOS will be 
widely used. EIKOS is a software package, written in Matlab language, which 
development of has been sponsored by the Norwegian Radiation Protection Authority 
(NRPA) and Posiva. A graphical user interface has also been developed, from which the 
user easily can load or call the model and perform a sensitivity analysis as well as 
uncertainty analysis. EIKOS supports several sensitivity analysis methods, such as: 
Pearson product moment correlation coefficient, Spearman Rank Correlation 
Coefficient, Partial (Rank) Correlation Coefficients, Standardized (Rank) Regression 
Coefficients, Sobol' method, Jansen's alternative, Extended Fourier Amplitude 
Sensitivity Test as well as the classical FAST method and the Smirnov and the Cramér-
von Mises tests. More details about EIKOS can be found in (Ekström & Broed 2006). 
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3.5.2 Relative importance ranking 

In analogy with the pedigree analysis in section 3.4, the relative importance (RI) of the 

process or data item can be scored. In principal, this could be added as a criterion in the 
pedigree analysis, but since the relative importance is dependent on the context for 
which the evaluation is performed (e.g., different landscape configuration, different 
composition of the radionuclides released into the biosphere) it is advantageous to treat 
this issue separately. RI scoring is performed by letting a group of experts individually 
numerically judge the relative importance of processes, interactions, and data, for a 
certain defined context by utilising the scale in Table 3-8.

In the process reports in the BSA Portfolio, RI scoring should be performed on the 
processes and interactions identified in the interaction matrices. This leads already into 
significant application of the knowledge into the modelling context, but is a significant 
contribution to the overall evaluation of the knowledge quality throughout the biosphere 
assessment. Where applicable, RI scoring is recommended, as it puts emphasis on the 
relativity and context-dependence of the importance evaluation. 

A second application for the relative importance concept in the assessment might be to 
use it as a screening tool, by first focusing the efforts to the likely most relevant 
processes or data. This might be rather arbitrary at the first place, but with accumulating 
experience in modelling and knowledge quality assessment involving several iterations, 
significant resources could be saved (Ikonen 2006). 

Table 3-8. Numerical scale for evaluation of the relative importance (RI) of process or 

data item in a specified context. For advanced applications, also a finer scale with 

predefined decimal fractions of the basic scoring levels could be developed.

Score (RI) Description of relative importance 

4 Rigorous, explicit descriptions/models required. 

3 At least implicit descriptions/models required. 

2 Maximally of medium likelihood being important. 

1 Insignificant, not necessary to describe in detail or include in the 
model.

0 (No process known to exist.) 

3.6 Multi-dimensional uncertainty analysis 

The strength (outcome from the pedigree analysis) and the outcome from a traditional 
sensitivity analysis are independent parameters; of which none is a sufficient measure 
for KQA. Plotting the sensitivity analysis result versus the strength results in a two-
dimensional diagram capturing both quantitative and qualitative aspects of the total 
uncertainty, allowing for a more correct assessment of the quality of individual 
parameters or processes. In the diagram, the parameters most affecting the total 
uncertainty will be located in the part of the diagram corresponding to low strength and 
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high relative contribution the variance. For example, the model output can be robust to a 
parameter of low strength provided that the sensitivity analysis shows that the parameter 
does not significantly contribute to the output variance; our lack of detailed knowledge 
of the underlying process and the true parameter value may not be a crucial 
shortcoming. This kind of diagram can be utilised both to reveal potential weak spots 
and to justify parameters with inherently high uncertainties.  

To further add one dimension, the two-dimensional approach can be combined with 
results from the RI scoring, creating a three-dimensional overview. Then processes and 
data might be considered as acceptable in some detail even when they have low strength 
and high relative contribution the variance, provided that the RI score is low; in some 
cases this would reflect need to revise the model structure which is not always feasible 
due to the limitations of the overall programme. 

3.7 Quality acceptance of data 

To be able to be confident in the quality of the assessment it is important to ensure that 
appropriate and reliable data has been used. To manage this, a system to mark the 
usability status of data is introduced (Table 3-9) and integrated into the BSA database. 
In the assessment, only data from the BSA database with US6 will be allowed for usage. 

Table 3-9. Denotation system for the data content in the database. 

Usability

Status

Assigned to Approved for 

Assessment

US0 - Deleted (1) data No 

US1 - Data rejected in quality check No 

US2 - Default status for new data 
- Default status for altered data (2)

- Data with insufficient field information 
- Draft data 

No

US3 - Data awaiting to be sent to quality check No 

US4 - Data undergoing quality check No 

US5 - Data returned from quality check awaiting 
QA decision (accept/reject) 

No

US6 - QA approved data Yes 

(1) The information is not physically deleted from the database. 
(2) When a data entry with US > 2 is altered, it should automatically drop to the US2 level. However for 

some alterations, e.g., adding a reference or correcting a spelling error elsewhere than the actual 
parameter value, the US could be left unchanged. A list of alterations not resulting in a drop to the 
US2 level has to be defined. 
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4 INFORMATION INFRASTRUCTURE 

Due to the enormous amount of information (in this context information means: 
scientific knowledge, assumptions, parameter data, processed data, calculation and 
modelling results), the long timescale of the Safety Case project and the strict 
requirements on quality assurance, the flow and storage of information, and the quality 
of the storage, are vital issues. It has to be assured that all the information used in the 
assessment is quality checked (and approved), retrievable, un-compromised, 
unambiguous, and so on. Furthermore, a coherent and conceivable biosphere assessment 
requires a consistent set of assumptions and parameter values. The approach to achieve 
this is by setting up a network of databases and assessment development components, 
define how information is allowed to be transferred in the network and the type of 
quality control in the movement of information; below referred to as the information 

infrastructure. In the whole Safety Case Project, a large part of the information will be 
managed by a number of specialised databases. Only in the biosphere assessment, 
several databases will be utilised, managed by Posiva or by external parties. This 
section discusses the information infrastructure in the biosphere assessment in general, 
and the BSA database in details. 

4.1 General arrangement 

The information infrastructure in the biosphere assessment is presented in Figure 4-1.  
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Figure 4-1. The information infrastructure in the biosphere assessment. 
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In Figure 4-1, three databases managed by Posiva can be identified: 

The POTTI research database 
The GIS database 
The Biosphere Assessment database 

POTTI and GIS databases 

Principally, all data and results from the individual investigation or research tasks will 
be delivered and stored in POTTI, which is a database managed by Posiva. POTTI has 
been implemented in close contact to the ONKALO construction and investigations for 
storage of alphanumerical research data. The GIS databases contain the information 
possible to present as maps, or the location data with relevant attributes. It has an 
organised folder structure on a secured server managed by Posiva. These two databases 
are intended for the different processing levels of site data. However, throughout the 
biosphere assessment, these data need to be post-processed. In order to maintain the 
difference, the site data used in the biosphere assessment is referred to as environmental 

data and the derived forecasts as biosphere data. This distinction is implemented by 
separating the GIS database conceptually into facts and forecasts parts (see Figure 4-1), 
technically realised by keeping a clear division of the folders Environment and 
Biosphere. In the biosphere assessment workflow, data from POTTI can be used either 
directly to assign parameter values or transported into GIS system of environmental data 
and co-processed, and further developed manually, or by using specific tools, into 
biosphere forecasts with attached data. The forecasts are not allowed to be stored neither 
in the facts section of the GIS database nor in POTTI. 

Biosphere Assessment Database 

Whilst the information in POTTI and the GIS database mainly will be used as input to 
supply the TESM with data, the BSA database will mainly supply the landscape 
modelling and radionuclide transport modelling with data. In addition to supply data, 
the purpose of the databases is also to store the results and ensure that the data used for 
the modelling is quality assessed (see section 3.7). A more thorough discussion about 
the security for and the structure of the BSA database, and the latest progress in user 
interfaces, is presented section 4.2. 

External databases 

External databases refers to trusted sources of input data, not included in databases 
managed by Posiva, This is mainly parameter data used as input in modelling and 
calculations; example: BIOPROTA Database, FREDERICA database, isotope physical 
properties databases, IAEA handbooks, ICRP dose conversion factors, base maps from 
National Land Survey, nautical maps from Maritime Administration, etc. In principal, 
all information used from external databases should first be entered into Posiva’s own 
databases (the facts section of the GIS database and the BSA database), and from there 
be collected for the modelling runs, which is this is the pathways included in Figure 4-1. 
However, this a time-consuming process, since all the values has to be quality checked 
and accepted one by one (at least in the BSA database), and the gain in quality is not 
evident, especially since the risk for human errors in the process is not insignificant. In 
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practice, a more convenient process still assuring high quality is to accept groups of 
values from external databases and sources, for example all ”soil-to-plant transfer 
factors in IAEA technical report series no. 364”, and allow them to be fed directly into 
modelling and assessment development tools. 

4.2 Biosphere Assessment Database 

In this section, a set of requirements for the security of the BSA database and handling 
of knowledge quality assessment issues within the BSA database is presented. In 
addition a few guidelines for the database structure is discussed and the current status of 
the BSA database and the different interfaces under development are presented. 

4.2.1 Requirements 

Security 

Physical protection 

Only personnel authorised by Posiva should have physical access to the server. 

Redundancy

The operative version of the database should always be physically present on, at least, 
two servers. All servers should not be physically located in the same building. 

Data Integrity 

Each server should have a responsible system administrator, appointed by Posiva. One 
server should be denoted as “primary server”. Access to the database should be divided 
into three user-levels with individual features, as presented in Table 4–1. 

Database backup strategy 

The strategy presented in Table 4-2 applies only to the primary server. In connection to 
the yearly full backup, a test should be performed to restore the database from the 
backup.

Miscellaneous  

No macros (injection code) are allowed in the data fields, and all attachments have to be 
effectively checked against harmful contents (e.g., viruses). 
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Table 4-1. Features for the three user-levels. 

User level Features 

1 - Login with a common password is required 
- Data with usability status

 (1) 3 – 6 is visible 
- Invalid field values are not visible (old values inherent in the data

history
 (1))

- No alterations of the database are allowed (“Read only mode”) 
- No logging of database usage per se 

2 - Login with a personal password is required 
- Data with usability status

 (1) 0 – 6 is visible 
- All field values in the data history

 (1) are visible
- Entering new data is allowed
- Restricted permission to change usability status

 (1)
(US2 US3, 

US3 US4, US4 US5, US4 US1, US2 US0, US3 US0, US4 US0)

- All actions altering the content of the database are logged 

3 - Login with a personal password is required 
- Data with usability status

 (1) 0 – 6 is visible 
- All field values in the data history

 (1) are visible 
- Entering new data is allowed 
- Full permission to change usability status

 (1)

- All actions altering the content of the database are logged 

(1) See the section Quality Assurance below for more details 

Table 4-2. Backup scheme for the primary BSA database server. 

Frequency Backup type Features 

Weekly Differential
Altered files 
since the 

previous full 
backup 

- May be stored at the same location as the server on 
optical media, tape drive, removable drive or on 
another computer. 

- Multiple backups may be stored on the same media. 

Monthly Full - May be stored at the same location as the server on 
optical media, tape drive or removable drive. 

- If possible, multiple backups should be kept on 
different media. 

- All backups since the previous yearly full backup 
should be stored. 

- Should be stored in a security safe, with a minimum 
of 60 minutes fire protection for computer media. 

Yearly Full - Should be stored at Posiva on tape drive or 
removable drive. 

- Should be stored in a security safe, with a minimum 
of 60 minutes fire protection for computer media. 

- Multiple backups may not be stored on same media. 
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Knowledge Quality Assessment 

Usability status 

It is intended to use the database not only for data accepted for assessment, but for many 
types of data. The system of usability status (see section 3.7) should be implemented in 
the database.

Data history 

When a field value for a data entry is changed (e.g., changed usability status, changed 
value, added references) the data entry get an inherent data history. All changes in the 
data history should be tagged with time and full affiliation of the user performing the 
action. The full data history should be retrievable. 

Data traceability 

When applicable, full reference(s) to original data source should be included. Full 
affiliation(s) of the expert(s) involved in the data quality check (US4 US5 or 
US4 US1) should be documented. All data should be traceable at until the repository 
is closed. 

Language

The database language is English. Supporting documents and references in other 
languages can be accepted, preferably in Finnish or Swedish. 

4.2.2 Database structure and access  

A few requirements have been identified in this initial stage of constructing the 
database. The database should 

be able to handle deterministic parameters and descriptive statistics (e.g., an 
estimated value with standard errors) 
be able to handle stochastic parameters 
be able to handle parameters containing mixed types of uncertainties (e.g., a 
parameter described by a mean value, probability density function and an interval 
defining minimum and maximum values) 
support attachment of files to a data entry; at least in the following formats: 
portable data format (pdf), text files, and files generated by commonly used 
commercial word processors 

Below is a list of identified features regarding the BSA database. The list is intended to 
act as a guideline in the proceeding work. It is desirable that 

the database can be managed, regardless of user-level, via a web-based interface 
interfaces between the database and important biosphere assessment tools (such as 
Pandora and Eikos) are developed 
the database includes a set of analysis tools (e.g., the possibility to make queries 
such as “calculate the geometrical mean of selected Kd_soil”) 
the database includes a set of visualisation tools (e.g., the possibility to make 
queries such as “plot a histogram of all Kd_soil”) 
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the database can be used for tracking the usage of data (i.e., the possibility to make 
queries such as “list all assessments where parameter X has been used”) 

Additions to both the list of requirements and the list of desired features will very likely 
be made. 

4.2.3 Current status 

The development of the BSA database and the interfaces (for the modelling tool 
Pandora and for web-based management of the database) is an on-going project, mainly 
performed by Per-Gustav Åstrand and Dmitry Hofman at Facilia AB in Sweden, 
contracted by Posiva and its current status is summarised/illustrated below. 

Database structure 

The current standard language for relational database management systems SQL 
(Structured Query Language) is used to communicate with the databases. The database 
structure is based on tables and columns. Brief descriptions of the tables and columns 
are presented in Table 4–3 and Table 4–4. 
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Table 4-3. Descriptions of the tables and columns in the BSA database. 

Table Description Columns 

Author Stores the identity of 
the person originally 
responsible for the 
parameter 

- author_id: unique id 
- organisation: organisation of author 
- name: name of author. 

Cases Defines a group of 
parameters used in a 
certain assessment 

- cases_id: unique id 
- name: name of case 
- description: a more elaborated 

description of the case 

Cases_to_pid Link any number of 
cases to any number of 
parameters 

- cases_id: used to link with 
- pid: identity of parameter in case. 
- callname: exact path of parameter in 

model corresponding to case 

Comment Used for different 
database items, can be 
added to a parameter 
by using the link table 
comment_to_pid

- comment_id: unique id of comment 
- comment: comment text 

Comment_to_pid Used to link any 
number of comments 
to any number of 
parameters 

- id: unique id 
- pid: Identity of parameter in case. 
- comment_id: The id of the comment 

Confidence Used to specify the 
reliability of a 
parameter 

- confidence_id: unique id 
- confidence: 

0 – Not specified, 1 – VERY LOW, 
2 – LOW, 3 – MEDIUM, 4 – 
HIGH, 5 – VERY HIGH 

Data Contains the actual 
data of the parameter 

- pid: unique id of parameter 
- distribution_id: id of the probabilistic 

distribution of the parameter (stored 
in distribution table) 

- arg1: first argument to distribution. 
- arg2: Second argument. 
- arg3: Third argument. 
- arg4: Fourth argument. 
- nominal: Nominal value of the 

parameter (often referred to as 
deterministic value) 

- min: minimum value of the 
parameter 

- max: maximum value of the 
parameter 
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Table 4-3 (cont.). Descriptions of the tables and columns in the BSA database. 

Table Description Columns 

Dependency An arbitrary number 
of dependencies can 
be used for a 
parameter, by use of 
the table 
dependency_to_pid

- dep_id: Unique id 
- name: name of the dependency 
- comment_id: an optional comment 
- type: used to specify if the 

dependency is enumerable or if the 
dependency has an infinite number 
of possible values 

Dependency_to_pid used to link 
dependencies and 
parameters to actual 
dependency values 

- dep_id: id of the dependency 
- value: value of the dependency for 

the actual parameter 
- pid: id of the parameter that has this 

value for the dependency in 
question.

Dependency_values A list of valid 
dependencies for each 
dependency in the 
dependency table 

- dep_id: id of the dependency 
- value: a valid value for the 

dependency

Distribution Properties of the 
probabilistic
distribution of a 
parameter 

- distribution_id: unique id 
- name: name of distribution (e.g. T 

for triangular) 
- arg1_name: name of first argument 
- arg2_name: name of first argument  
- arg3_name: name of first argument 
- arg4_name: name of fourth 

argument 
- description: Description of the 

distribution. 

Document_to_pid Used to link an 
arbitrary number of 
documents to a 
parameter 

- id: unique id 
- pid: id of the parameter. 
- doc_id: id of the document. 

Documents Describes a document 
related to a parameter 
either as a file on the 
disk (on the database 
server) or as a 
hyperlink to the 
internet 

- id: unique id. 
- filename: name of file if document 

is local file 
- description: description of the 

document 
- webaddress: internet address to the 

document 

Element A list of all elements 
in the periodical table 

- element_id: unique id (atomic 
number) 

- name: atomic symbol 
- full_name: element name in english 
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Table 4-3 (cont.). Descriptions of the tables and columns in the BSA database. 

Table Description Columns 

History Used to keep track of 
changes to the database 

- history_id: uniqe id 
- related_id: id of related database 

object type of object depends on 
event id 

- event_id: type of change in the 
database

- log: text description of the change 
- comment_id: id of an optional 

comment to the change. 
- user_id: id of the user performing 

the change 
- event_date: date of change. 
- table_name: names of tables 

effected by the change. 

History_events List of change type, at 
present this table 
contains only one type 

- event_id: uniqe id 
- event_name: change type 

Info Properties for the 
parameter not related to 
the numerical values.  

Most of the columns 
contain the id for an 
item in another table; 
see description in the 
corresponding table for 
further details. 

- pid: unique id of the parameter 
- insert_date: date and time of 

insertion of parameter 
- reference_id: reference (id) for 

the parameter 
- confidence_id: confidence (id) for 

the parameter 
- author_id: author (id) for the 

parameter 
- unit_id: unit (id) for the parameter
- name_id: name (id) for the 

parameter 
- usability_id: usabillity (id) for the 

parameter 
- user_id: user (id) for the 

parameter 
- scalar: Boolean value, true if the 

parameter has a scalar value, false 
if the parameter is a timeseries. 

Name A name for a parameter - name_id: unique id of the name 
- name: the actual name (as used in 

formulas), e.g. Kd 
- description: more descriptive 

name e.g. “Distribution 
coefficient “ 
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Table 4-3 (cont.) Descriptions of the tables and columns in the BSA database. 

Table Description Columns 

Nuclide A list of nuclides with 
half-lives 

- nuclide_id: unique id 
- name: name 
- A: mass number  
- half_life_sek: half-life in seconds 
- reference_id: reference id 

Nuclide_to_element A link-table between 
nuclide and 
corresponding element 

- element_id 
- nuclide_id 

Reference The description of a 
reference for a 
parameter 

- reference_id: uniqe id of the 
reference

- reference: full name of the 
referred publication 

- short_reference: short name of the 
referred publication 

Timeseries_to_pid Used to store timeseries 
in the database 

- ts_id: id of the timeseries 
- pid: id of the corresponding 

parameter 

Timeseries_values Used to store timeseries 
in the database 

- ts_id: Id of the timeseries 
- time: time point corresponding to 

the values 
- nominal: nominal value at the 

time point 
- min: minimal value at the time 

point
- max: maximal value at the time 

point

Unit Stores the units of a 
parameter 

- unit_id: unique id 
- unit: the actual unit 

Usability Used to specify 
usability status of data 

- usability_id: see Table 4–4 
- usability: see Table 4–4 
- approved: see Table 4–4 

User List of all the registered 
users of the database 

- user_id: Unique id 
- level: 1,2 or 3, depending on the 

users rights 
- login: users login name 
- password: ***** 
- name: users full name 
- organisation: users organization 
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Table 4-4. Values for the three columns in the usability table in the BSA database 

Usability_id Usability Approved 

0 Deleted data 0

1 Data rejected in quality check 0 

2 New data, draft data, altered data, data with 
insufficient information 

0

3 Data awaiting to be sent to quality check 0 

4 Data undergoing quality check 0 

5 Data returned from quality check awaiting QA 
decision (accept/reject) 

0

6 QA approved data 1 

The interface between the database and Pandora 

The parameter handling in Pandora has previously been done manually, which is both a 
time-consuming task and has a significant risk for human errors. Currently, an interface 
between Pandora and a database is under development. A database can now be accessed 
from Pandora through the Parameter Editor (Figure 4-2). 

The option select case from database opens the case selector (Figure 4-3), which allows 
the user to see the values the parameters currently have in the model and in the 
database, and update if wanted. Additional information about a parameter can be read 
by pressing the “inspect” button (see an example for one parameter in Figure 4-4). To 
get a quick overview of the situation the button for updating the local value is colour 
coded.

Green – a parameter with the corresponding id was found in the database and the 
value of that parameter agrees with the parameter in the model 
Yellow – no parameter with the corresponding id was found in the database 
Red – a parameter with the corresponding id was found in the database but the 
value of that parameter does not agree with the value in the model 

Entering new parameters into the model from the database can be done by first right 
clicking on the parameter to replace in the parameter editor (Figure 4-5), and then can 
the parameter be chosen by the name and dependencies (Figure 4-6). 
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Figure 4-2. The window for handling of selected parameters (parameter editor). 

Figure 4-3. The case selector window. 

Figure 4-4. The additional parameter information window 
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Figure 4-5. Selecting parameters from the database. 

Figure 4-6. The window for selecting parameters by their name and dependencies. 
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The web-based interface for managing the database 

The web-based interface is developed parallel with the database description and 
requirements. Support for security and integrity, and the QA process described in this 
paper is considered during the development. The interface is in this stage able to: 

View, filter, copy data 
Add new data 
Edit data 
”Delete” data 
Record actions 
View history of data changes

Figure 4-7 to Figure 4-9 present some selected screen shots. 

Figure 4-7. The main screen for level 1 users. 

Figure 4-8. The main screen for level 3 users. 
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Figure 4-9. The form to fill in for new data entries. 
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