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ABSTRACT 

This report provides a summary of a programme of work, commissioned within the 
BIOPROTA collaborative forum, to assess the quantitative and qualitative elements of 
uncertainty associated with biota dose assessment of potential impacts of long-term 
releases from geological disposal facilities (GDF). Quantitative and qualitative aspects 
of uncertainty were determined through sensitivity and knowledge quality assessments, 
respectively. Both assessments focused on default assessment parameters within the 
ERICA assessment approach.  

The sensitivity analysis was conducted within the EIKOS sensitivity analysis software 
tool and was run in both generic and test case modes. The knowledge quality 
assessment involved development of a questionnaire around the ERICA assessment 
approach, which was distributed to a range of experts in the fields of non-human biota 
dose assessment and radioactive waste disposal assessments. Combined, these 
assessments enabled critical model features and parameters that are both sensitive (i.e. 
have a large influence on model output) and of low knowledge quality to be identified 
for each of the three test cases. 

The output of this project is intended to provide information on those parameters that 
may need to be considered in more detail for prospective site-specific biota dose 
assessments for GDFs. Such information should help users to enhance the quality of 
their assessments and build greater confidence in the results.   

Keywords: safety case; non-human biota; biosphere assessment; sensitivity analysis; 
knowledge quality analysis 



 

KASVIEN JA ELÄINTEN ANNOSARVIOINTI: HERKKYYSANALYYSI JA 
TIETÄMYKSEN LAADUN ARVIOINTI 
 
TIIVISTELMÄ  

Tässä raportissa esitetään yhteenveto BIOPROTA-yhteistyöfoorumin puitteissa tehdystä 
työstä, jossa tarkasteltiin epävarmuuksien määrällisiä ja laadullisia piirteitä geologisista 
loppusijoitustiloista pitkällä aikavälillä mahdollisesti vapautuvien päästöjen eliöstölle 
aiheuttamien vaikutusten arvioinnissa. Määrälliset ja laadulliset epävarmuuden piirteet 
kartoitettiin herkkyystarkastelulla ja tietämyksen laadunarvioinnilla; kummassakin 
keskityttiin ERICA-arviointimenettelyn oletusarvoihin. 

Herkkyystarkastelu toteutettiin EIKOS-ohjelmistolla sekä geneerisissä että esimerkki-
päästötapauksissa. Tietämyksen laadunarviointi piti sisällään ERICA-arviointimenet-
telyä koskevan kyselyn laatimisen ja sen jakamisen vastattavaksi eliöiden annos-
arvioinnin ja radioaktiivisten jätteiden loppusijoituksen asiantuntijoille. Herkkyys-
analyysin ja tietämyksen laadunarvioinnin yhdistelmällä voitiin kussakin päästöta-
pauksessa tunnistaa menettelyn keskeiset ominaispiirteet ja parametrit, joille menettelyn 
matemaattinen malli on herkkä ja joiden osalta toisaalta tietämyksen taso arvioitiin 
heikoksi. 

Työn tarkoituksena oli tarjota tietoa niistä parametreista, joita olisi mahdollisesti syytä 
tarkastella yksityiskohtaisemmin, kun menettelyä sovelletaan prospektiviisesti ydin-
jätteen geologisen loppusijoituksen paikkakohtaisiin eliöiden annosarviointeihin. Nämä 
tiedot auttavat arviointien tekijöitä parantamaan annosarvioiden laatua ja luottamusta 
arviointiprosessiin ja sen lopputuloksiin. 

Avainsanat: turvallisuusperustelu; eliöstö; biosfääriarviointi; herkkyystarkastelu; 
tietämyksen laadunarviointi 



 

PREFACE 

This report has been produced within the international collaboration project 
BIOPROTA (www.bioprota.org) under financial support received from Posiva Oy 
(Posiva), Svensk Kärnbränslehantering AB (SKB), the Norwegian Radiation Protection 
Agency (NRPA) and the Agence Nationale pour la Gestion des Déchets Radioactifs 
(ANDRA) and with technical support and comment from a wide range of individuals 
and organisations. 

The report is presented as working material for information. The content may not be 
taken to represent the official position of the organisations involved. 



 

EXECUTIVE SUMMARY 

This report provides a summary of a programme of work, commissioned within the 
BIOPROTA collaborative forum, to assess the quantitative and qualitative elements of 
uncertainty associated with biota dose assessment of potential impacts of long-term 
releases from geological disposal facilities (GDF).  

Most uncertainty analyses focus on quantifiable uncertainty (such as data spread around 
a mean value) and the methods to address qualitative uncertainties (such as those arising 
from model structure, context and the underlying model assumptions) are given little or 
no consideration. However, such uncertainties could be more significant than those that 
are quantifiable. 

This project therefore considered both quantitative and qualitative aspects of uncertainty 
that were determined through sensitivity and knowledge quality assessments, 
respectively. Through these processes, the key objective was to identify critical model 
features and parameters that are both sensitive (i.e. have a large influence on model 
output) and of low knowledge quality. The output is intended to provide information on 
those parameters that may need to be considered in more detail for site-specific 
assessments. Such information should help users to enhance the quality of their 
assessments and build greater confidence in the results.   

Quantitative sensitivity analysis 

Sensitivity analysis is an important component of simulation modelling and for 
performing risk assessments, enabling an assessor to apportion the relative importance 
each uncertain input parameter has on the output variation. The sensitivity analysis was 
based on the ERICA assessment approach, encoded within the EIKOS sensitivity 
analysis software, and the ERICA default assessment parameter data. In order to 
develop an understanding of, and guidance on, those aspects of biota dose assessment 
that would require particular attention in moving from a generic to a site-specific 
assessment, the ERICA approach was applied within EIKOS in both generic and test 
case modes.  The generic assessment was used to identify general issues and pitfalls in 
the application of the approach to GDF assessments and a baseline understanding of key 
data gaps/uncertainties.  The test cases enabled comparison of generic results against 
illustrative environmental concentration information for site generic and site-specific 
scenarios, provided by NDA RWMD and Posiva, respectively.  

Results of the sensitivity analysis, for both generic and test cases, indicate that 
concentration ratios are the key parameters leading to variance in dose rate estimates for 
non-human biota within the ERICA assessment methodology. This is expected due to 
the large range in concentration ratios observed for each radionuclide and reference 
organism considered. For the Posiva test cases, the key radionuclides were Cl-36 and  
I-129 for the terrestrial ecosystem and C-14 for the freshwater ecosystem. Water-
sediment distribution coefficient is also an important parameter explaining dose rate 
variance for benthic freshwater reference organisms for individual radionuclides. For 
the NDA RWMD test case, key radionuclides were Np-237, Po-210 and Ra-226. Due to 
the decay properties of these radionuclides, the weighting factor for alpha radiation also 
contributes to the variation in dose rate estimates. The test case data input to and output 



 

results from the study are purely illustrative of how the non-human biota assessment 
methodology can be applied in post-closure assessment of GDFs and are not part of a 
formal assessment process.  

Knowledge quality assessment 

The knowledge base behind an assessment is typically drawn from a range of sources, 
which may include well-established knowledge, expert judgement, educated guesses 
and tentative assumptions [van der Sluijs, 2006]. A knowledge quality assessment is a 
procedure that allows consideration of the full range of uncertainties in an assessment, 
including those associated with unquantifiable information such as model 
conceptualisation and parameter selection. It allows the relative strength of data to be 
assessed, on the basis of the background history by which the data was produced and 
the underpinning scientific status of the data. A questionnaire was developed on the 
basis of the default assessment data within the ERICA assessment approach, including: 

� Reference organisms; 

� Habitat components; 

� Concentration ratios and distribution coefficients; 

� Radiation weighting factors; and 

� Geometry and dosimetry. 

This was distributed to a range of experts in non-human biota and radioactive waste 
disposal assessments to elicit their opinion on the quality of the models and data for 
non-human biota assessment, particularly as they apply to assessments of releases from 
GDFs. Experts were asked to score assessment data and models on the level of certainty 
or understanding that can be related to attributes such as theoretical understanding and 
empirical quality. The views of all experts were collated to determine the degree of 
consensus around each of the questions posed. 

Overall, there was reasonable consensus around the overall assessment approach, 
although some issues were raised regarding the appropriateness of the default reference 
organisms to GDF scenarios; burrowing mammals and tree roots were particularly noted 
in relation to the terrestrial ecosystem. Of the assessment parameters considered, 
concentration ratios for C-14, Cl-36, Ni-59, Nb-94, Po-210 and Np-237 in the 
freshwater environment scored relatively poorly. Similarly, distribution coefficients for 
C-14 and Cl-36 were assigned particularly low scores.   

Quantitative sensitivity analysis and knowledge quality assessment 

By comparing and combining the results of the sensitivity analysis with those from the 
knowledge quality assessment, it was possible to identify those parameters having the 
greatest effect of biota dose rate calculations and for which there is least confidence. 

 



 

In the generic sensitivity analysis, concentration ratios for all radionuclides were 
identified as being responsible for the majority of total dose rate variation and for many 
of these radionuclides there is a high degree of qualitative uncertainty, particularly for 
those radionuclides for which empirical data are lacking (e.g. Np-237). However, the 
practical need to improve confidence in these assessment parameters will depend upon 
the release scenario being considered.  

In the test cases considered, four parameters were identified as being the most important 
with regards to explaining variance in total dose rate estimates: 

� CR for C-14 in the freshwater ecosystem; 

� CR for Cl-36 in the terrestrial ecosystem (Posiva test case); and 

� CR for Po-210 and Ra-226 in the terrestrial ecosystem (NDA RWMD test case).  

Qualitative uncertainty was also high for each of these parameters. Therefore, in order 
to improve confidence in assessments, further consideration could be given to 
improving confidence in these radionuclide parameters, through improved CR values 
for Cl-36, Po-210 and Ra-226 and consideration to the application of specific activity 
models for C-14. This conclusion cannot be applied to assessments generally, but serves 
here to illustrate how the combined quantitative and knowledge quality based 
consideration of uncertainties can be used to identify important data weaknesses. 

Overall conclusions 

The dose rates arising from the illustrative GDF releases considered here are 
insignificant and below the biota dose rate screening levels currently under discussion.  
However, there are significant uncertainties associated with some elements of these 
assessments and, in situations in which uncertainties are accounted for by multiple 
conservatisms, it is possible that screening levels could be exceeded.  In such 
circumstances, additional assessments would be required and it is necessary to 
determine the appropriate level of response and the extent to which site-specific studies 
are called for.   

From the results of the quantitative sensitivity and knowledge quality assessment 
undertaken, the following key conclusions were drawn: 

� The subterranean nature of the source, with releases mediated through the action 
of groundwater, mean that different organisms may receive the highest exposure 
than would arise from an aerial release or direct discharge to a surface water 
body.  For example, burrowing animals may be at greater risk.  

� Concentration ratios for certain organism types consistently scored low in the 
knowledge quality assessments (e.g. reptiles). The further development of 
approaches to gain more confidence in the methods used to apply data from one 
organism to another may be highly beneficial.   

� In developing more situation-specific concentration ratios, the value of using 
multiple approaches was recognised as a method for derivation and validation.  
For some of the key radionuclides of interest, the potential value of stable 
element studies was identified, including C-14 and Cl-36.  For Ra-226 and Np-
237, the use of analogues that are more chemically similar was suggested. 



 

Alternatively further measurements could be made to determine element-specific 
concentration ratios. 

� The use of maximum radionuclide concentrations, in time and space, as 
employed in the test cases described in this report, has merit for initial screening 
exercises. However, for more detailed post-closure assessments, further 
development of the assessment approach to enable time-series data to be 
assessed would be beneficial.   

� Concerns were raised that, by having a single low screening value, such as the 
10 μGy/h screening value derived during the ERICA and PROTECT projects.. 
The general opinion was expressed that criteria for humans and non-human biota 
should be similarly protective in relation to their respective assessment 
endpoints, and that the assessment approaches in both cases should be applied in 
any one assessment, consistently in relation to the degree of conservatism 
adopted, and in relation to addressing uncertainties. 

� A combination quantitative and knowledge quality based consideration of 
uncertainties can be used to identify important data weaknesses in assessments 
of impacts on non-human biota. The same approach applied to assessment of 
doses to humans could be used to ensure the consistency mentioned above. 

� Up to now, the IAEA’s BIOMASS reference biomass methodology has been 
widely adopted or adapted for the assessment of radiation doses to humans. 
There may now be merit in reviewing the BIOMASS reference biosphere 
methodology in relation to non-human biota assessments to determine whether it 
is readily applicable or whether modifications would be beneficial to enable a 
standard approach to be adopted that would allow for international assessment 
comparisons.  
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1 INTRODUCTION 

This report provides a summary of a programme of work, commissioned by members of 
the BIOPROTA collaborative forum 1 . The forum was set up to address the key 
uncertainties in long-term assessments of contaminant releases to the environment 
arising from radioactive waste disposal. It involves national authorities and agencies 
with responsibility for achieving safe and acceptable radioactive waste management. 
BIOPROTA recognises that there are radioecological and other data and assessment 
issues which are common to safety cases required in many countries and the mutual 
support within a commonly focused project is intended to make more efficient use of 
skills and resources, and to provide a transparent and traceable basis for the choices of 
parameter values as well as for the wider interpretation of information used in 
assessments. 

The uncertainties associated with the assessment of potential impacts on non-human 
biota of releases from geological disposal facilities have been a subject of discussion 
among the BIOPROTA forum for a number of years, see for example the report of a 
forum on this subject held in 2007 2.  A proposal was therefore developed and approved 
to undertake an assessment of quantitative and qualitative elements of uncertainty 
associated with biota dose assessment of potential impacts of long-term releases from 
geological disposal facilities. This included consideration of the implications of the 
timescales involved, identification of key long-lived radionuclides and features of 
subterranean releases.  This report provides a summary of the results of this project.   

1.1 Objectives 

The overall objective of the project was to identify the key data gaps and uncertainties 
in undertaking long-term assessments of impact on non-human biota of radionuclide 
releases from geological disposal facilities (GDFs) and, where possible, to provide 
lessons learned through the application of the procedure. This involved consideration of 
both the quantitative and qualitative aspects of uncertainty through sensitivity and 
knowledge quality assessments. These terms may be broadly defined and differentiated 
as follows: 

� Sensitivity analysis is an approach to evaluating the importance of quantitative 
aspects of uncertainty. The OECD3 defines it as a “what-if” type of analysis to 
determine the sensitivity of the outcomes to changes in parameters. If a small 
change in a parameter results in relatively large changes in the outcomes, the 
outcomes are said to be sensitive to that parameter. 

� Knowledge quality assessment is an emerging branch of social science which 
seeks to address, in a systematic way, the more qualitative aspects of 
uncertainty, specifically as they relate to the application of models and data to 
decision-making.  It allows the acceptability of a scientific model to be 

                                                      
1 For more information, see http://www.bioprota.org 
2 http://www.bioprota.org/assets/files/proBiota%20workshop%20report_final.pdf 
3 http://stats.oecd.org/glossary/detail.asp?ID=7317  
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expressed in relation to the application to which it is being applied.  The 
assessment applied in this study is based on expert opinion on, for example, the 
appropriateness, empirical quality and the theoretical understanding of various 
aspects of the biota dose assessment approach to be evaluated.   

Through these processes, the objective was to identify critical model features and 
parameters that are both sensitive (i.e. have a large influence on model output) and of 
low quality (i.e. low knowledge-quality score).  This information would enable 
assessors to ascertain where to focus further effort on determining accurate assessment 
factors, for example when moving from a generic to a more site-specific assessment.   

1.2 Scope of Work 

In order to model and assess the sensitivity of impacts of releases from GDFs, the 
ERICA assessment approach for non-human biota (ERICA 2007) was implemented 
within the EIKOS sensitivity analysis software (Ekström 2005, Ekström and Broed, 
2006).  The study made use of underlying data from the ERICA assessment approach; 
this approach and the underlying data are described in more detail elsewhere (ERICA, 
2007). The analysis was supported by data from other sources where necessary, for 
example in order to establish distributions of input parameters. 

In order to constrain the scope of the project, the focus of the study was restricted to 
consideration of the terrestrial and freshwater representative ecosystems, and their 
constituent components only.  The study also primarily focused on the key 
radionuclides identified as priorities within the BIOPROTA forum (C-14, Cl-36, Se-79, 
Tc-99, I-129, Pb-210, Po-210, Ra-226, Th-230, Np-237, and U-238).  

Sensitivity analyses were undertaken for three GDF concept-specific scenarios, 
provided for illustrative purposes by Posiva Oy and the Radioactive Waste Management 
Directorate of the UK Nuclear Decommissioning Authority (NDA RWMD).  Posiva 
made available data from the KBS-3H project (Broed et al. 2007).  The illustrative data 
made available by NDA RWMD was from the Nirex Generic Repository Studies and, 
more particularly, the report of the Generic Post-closure Performance Assessment 
(GPA) (Nirex 2001). The list of radionuclides considered was extended to include all 
those released to the biosphere in the test cases considered. 

The knowledge quality assessment approach was derived from that proposed by Van 
der Sluijs (2006).  A questionnaire was developed to elicit expert opinion on the quality 
of the models and data for non-human biota assessment, particularly as they apply to 
assessments of releases from GDFs.  This questionnaire was distributed to a range of 
experts in non-human biota and radioactive waste disposal assessments. A project 
workshop was then held, in October 2009, at which the results of both the sensitivity 
and knowledge quality assessments were discussed and expanded upon.   The output of 
this workshop is incorporated into this report.   
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1.3 Overview of the Project 

In developing the work programme for this study, in collaboration with the sponsoring 
organisations, it was agreed that one of the key objectives was to develop an 
understanding of, and guidance on, those aspects of biota dose assessment that would 
require particular attention in moving from a generic to a site-specific assessment.  With 
this view in mind, the ERICA approach was applied in generic and test case modes.  
The generic assessment was used to identify general issues and pitfalls in the 
application of the approach to GDF assessments and a baseline understanding of key 
data gaps/uncertainties.  The second stage of the sensitivity analysis was the application 
of illustrative environmental concentration information for site generic and site-specific 
scenarios, provided by Posiva and NDA RWMD, respectively.   

This study comprised 6 main stages, summarised below:  

1. Identification of the generic range of parameters and data of importance from a 
review of the information included in the ERICA Assessment Tool and 
deliverables and other source materials, as appropriate. 

2. Performance of a sensitivity analysis for generic parameters, taking into account 
predicted environmental concentrations for the illustrative test cases provided by 
Posiva and NDA RWMD. 

3. Selection of those parameters contributing most to biota dose rates, and for 
which dose rates are most sensitive to changes in parameter values.  

4. The parameters identified in stage 3 provided the focus for the development of a 
knowledge quality assessment questionnaire which was distributed to a panel of 
experts, derived from BIOPROTA sponsoring organisations and other interested 
bodies, took part. 

5. Analysis of sensitivity and knowledge quality results to identify key parameters 
which are both sensitive and low scoring in the knowledge quality assessment, 
and discussion of results at an expert workshop. 

6. Development of initial guidance on the application of ERICA (and similar 
approaches) to site-specific assessments of the impact on species of non-human 
biota arising from releases from geological disposal facilities, on the basis of the 
results of the analysis and the outcome of the expert workshop. 

The interaction between the key stages of the project is illustrated in the following 
figure. 
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Figure 1-1. Illustration of the interaction between key phases of the project. 

1.4 Structure of the Report 

After this introduction, Section 2 provides an overview of relevant background 
information on the assessment and analysis methods applied in this study.  Sections 3 - 
6 deal with each of the stages of the project, illustrated in Figure 1.1 as follows: 

� Data collation and analysis (Section 3); 

� Sensitivity analysis (Section 4); 

� Knowledge quality assessment (Section 5); 

� Quality evaluation of the most sensitive parameters (Section 6); 

Issues identified for site-specific assessment considerations are outlined in Section 7. 
Overall conclusions and recommendations are given in Section 8. 
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2 BACKGROUND 

The nature of releases from GDFs poses some interesting problems to the assessment of 
their potential impacts on the environment (Robinson et al. 2010). Releases are assumed 
to occur from deep underground (in the geosphere) at some point in the distant future. 
At this time, radionuclides may enter the biosphere through the action of groundwater 
migration.  The distribution of radionuclides within the soil column will thus differ from 
that associated with surface deposition and the time period over which releases are 
predicted to occur may be thousands of years post-closure. The potential impact of 
different radionuclides will be determined by the source term, the nature of the 
geosphere and biosphere into which the release occurs, and the chemical and physical 
characteristics of the radionuclides concerned.   

Assessments of the impact of potential releases from geological repositories are 
therefore complex and involve the consideration of long time periods and a range of 
release scenarios.  Activity concentrations in different environmental media are 
typically estimated for complex time series extending for many thousands of years.  For 
the purposes of this study, only those aspects of assessment that directly relate to biota 
dose rate assessments are considered (starting with activity concentrations in soil and 
water). The uncertainties associated with other parts of the assessment are beyond the 
scope of this project.  These additional sources of uncertainty might, however, have a 
significant impact on the overall assessment uncertainties and on the interpretation of 
the results of the biota assessment.. 

Some general features of dealing with and understanding uncertainties are discussed 
below, followed by a brief introduction to the (ERICA) biota dose assessment 
methodology applied in this study. 

2.1 Dealing with uncertainties 

Environmental assessments, particularly for prospective situations, require the use of 
models, scenarios, assumptions and extrapolations, all of which involve uncertainties 
arising from, for example, incomplete parameter information, interactions and imperfect 
understanding. Approaches for mapping and prioritising the assessment of quantifiable 
aspects of uncertainty have been developed. However, in order to make sensible 
decisions about addressing uncertainties, it is also important to understand the other 
sources of uncertainty and their significance under different situations.  In this project, 
both types of uncertainty are considered.   

2.1.1 Quantitative uncertainties 

Uncertainties have been categorised in various ways – in terms of the sources of 
uncertainty or on the way in which uncertainties are expressed.   With regard to the 
quantifiable aspects of uncertainty, two overall categories of uncertainty (related to its 
nature – see below) may be defined: 

� Knowledge uncertainty (Type I uncertainty) – arising from lack of scientific 
knowledge about specific factors, parameters or models (that can partly be 
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reduced through further study). This includes parameter, model and scenario 
uncertainties. It can be expressed by the uncertain belief about the likelihood of 
the variable (random variable) having different values represented by probability 
distribution. 

� Variability (Type II uncertainty) – arising from natural variability due to true 
heterogeneity that is not usually reduced through further study. Variability is 
characterised by frequency distribution (discrete random variable) or through a 
probability density function. This includes actual differences that occur between 
different environments or individuals.  

The difference between uncertainty and variability is, however, not always 
straightforward.  

One way of studying the effect of quantitative uncertainties is by undertaking a 
sensitivity analysis, which allows the relative effect of the uncertain inputs and 
parameters on the variation and uncertainty of the simulation endpoints to be 
determined. The models used to calculate biota dose rates in the  ERICA assessment 
tool are relatively simple, such that it is possible to evaluate simple correlation 
coefficients between the inputs/parameters and the endpoints.  The Pearson Correlation 
Coefficient (CC) and the Spearman Rank Correlation Coefficient (SRCC) are provided. 
For more detailed discussion of these approaches, see ERICA D8 (ERICA 2007). 

Other approaches also exist, for example the First Order analysis, which allows the 
relative impact of different parameters on the results to be modelled.  This approach has 
been applied in this study, as outlined in more detail in Section 4. 

2.1.2 Qualitative uncertainties 

There is an increasing awareness of the importance of non-quantitative elements of 
uncertainty. For example van der Sluijs (2006) has argued that uncertainty is: 

“more than statistical error or inexactness of numbers: it is increasingly understood as 
a multi-dimensional concept involving quantitative and qualitative dimensions. 
Uncertainty can manifest itself at different locations in risk assessments (for example: 
context, system boundaries, indicator choice, model structure, parameters, and data). In 
problems that are characterized by high systems uncertainties, knowledge gaps, and 
high decision stakes, unquantifiable dimensions of uncertainty may well dominate the 
quantifiable dimensions”  

Most uncertainty analyses focus on the quantifiable uncertainty (such as data spread 
around a mean value) and the methods to address qualitative uncertainties (such as those 
arising from model structure, context and the underlying model assumptions) are often 
ignored. However, such uncertainties are often more significant than those that are 
quantifiable. Methods that allow qualitative aspects of uncertainty to be addressed have 
developed in recent years.   

Examples of knowledge quality assessment include the checklist approach adopted by 
the Netherlands Environmental Assessment Agency (RIVM/MNP), and the NUSAP 
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(Numerical, Unit, Spread, Assessment and Pedigree) system. The NUSAP system 
proposed by Funtowicz and Ravetz (1990) and modified by Refsgaard et al. (2006) 
provides an approach for determining the strength of the model or parameters by 
reviewing its background history and scientific status (Table 2-1).  

This general approach has been applied, in a slightly simplified form, in this study as 
outlined in more detail in Section 5. 

2.2 Assessment of doses to non-human biota 

Over the last decade, a series of generic assessment approaches have been developed, 
all of which depend upon the specification of ‘reference organisms’.  These approaches 
are based on, or are generally consistent with, the proposals set out in the paper by 
Pentreath [1999]. Reference organisms have been defined (for the purposes of the 
assessment approach used in this study) as: “A series of imaginary entities that provide 
a basis for the estimation of radiation dose rate to a range of organisms which are 
typical, or representative, of a contaminated environment. These estimates, in turn, 
would provide a basis for assessing the likelihood and degree of radiation effects. It is 
important that they are not a direct representation of any identifiable animal or plant 
species” (FASSET 2003). 

This approach has the advantage of allowing generic organisms to be specified, making 
best use of the available information on biological effects, without requiring intrusive 
biological monitoring (which would, in any case, be impossible for prospective 
assessments).  

2.2.1 The ERICA Approach 

The ERICA approach was developed as a consequence of the following two EC funded 
research projects: FASSET (2004) and ERICA (2007). Each programme was an 
extensive undertaking, involving contributors from a wide range of European countries. 
The resultant approach includes: 

� Radionuclide transfer models for three major European ecosystems to allow 
calculation of external and internal radionuclide concentrations.  

� Tables of dose conversion coefficients for the conversion of external and 
internal concentrations to absorbed dose (rate) and the definition of a number of 
representative geometries for different reference organisms. 



 

Table 2-1. Pedigree Matrix for Evaluating Models (Refsgaard et al. 2006). 
Score Supporting empirical evidence Theoretical 

understanding 
Representation of 

understood 
underlying 

mechanisms 

Plausibility  Colleague 
consensus 

Proxy Quality and 
Quantity 

4 Exact measures of 
the modelled 

quantities 

Controlled 
experiments and 

large sample direct 
measurements 

Well established 
theory 

Model equations 
reflect high 

mechanistic process 
detail 

Highly plausible All but cranks 

3 Good fits or 
measures of the 

modelled quantities 

Historical/field data 
uncontrolled 

experiments small 
sample direct 
measurements 

Accepted theory with 
partial nature (in 

view of the 
phenomenon it 

describes) 

Model equations 
reflect acceptable 

mechanistic process 
detail 

Reasonably plausible All but rebels 

2 Well correlated but 
not measuring the 

same thing 

Modelled/derived 
data  

indirect 
measurements 

Accepted theory with 
partial nature and 

limited consensus on 
reliability 

Aggregated 
parameterized meta 

model 

Somewhat plausible Competing schools 

1 Weak correlation but 
commonalities in 

measure 

Educated guesses 
indirect approx. rule 
of thumb estimate 

Preliminary theory Grey box model Not very plausible Embryonic field 

0 Not correlated and 
not clearly related 

Crude speculation Crude speculation Black box model Not at all plausible No opinion 
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� Compilation of radiation effects data, signifying the range of current knowledge 
on radiation effects on biota, grouped under 16 wildlife groups, which are 
broadly comparable with the chosen reference organisms (supported by the 
FASSET Radiation Effects Database (FRED) and subsequently FRED 
ERICA4).  

This approach thus includes the necessary information and data for biota dose 
assessment, including the necessary environmental transfer and dosimetric parameters.   

2.2.2 Dose rate calculation in ERICA 

Non-human biota dose calculations are conducted on the basis of a simplified (e.g. 
ellipsoid) geometry, representative of the dimensions of the main body of the organism 
(i.e. extremities such as legs, wings etc. are not included). Dose conversion coefficients5 
(DCCs) for both internal and external exposure to radionuclides are specific to these 
organisms and geometries.  

External DCCs are the factors that allow the absorbed dose rates to a reference organism 
to be estimated from the average concentration of a radionuclide in an environmental 
compartment (soil, sediment, water) of a reference ecosystem (expressed in, for 
example, μGy per hour per Bq/kg). External dose rates are calculated using the DCCs, 
taking into account the proportion of time that an organism spends in different 
compartments of the reference ecosystem (occupancy factors).  

In the case of internally incorporated radionuclides, the internal concentration of 
radionuclides in a reference organism is required. Internal activity concentrations are 
calculated through the application of concentration ratios, which relate the concentration 
in an organism to that in the surrounding environment. Concentration ratios effectively 
assume a uniform distribution of the radionuclide within the organism (i.e. with no 
accumulation of radionuclides within individual tissues).  Internal DCCs are then 
applied that relate the average concentration of a radionuclide in a reference organism to 
the dose rate. The main features of this approach, for a GDF assessment, are illustrated 
in Figure 2-1 below.  

Radiation weighting factors6 are applied to take account of the differing biological 
effectiveness7 of different types of ionising radiation. The default ERICA weighting 
factors are 10 for alpha radiation, 3 for low energy beta, and 1 for gamma/high 

                                                      
4 http://www.frederica-online.org 
 
5 A dose conversion coefficient (DCC) is defined as the internal or external absorbed dose rate (μGy/h) 
per unit activity concentration in an organism (Bq/kg) or environmental medium (Bq/kg or Bq/l). 
 
6 Radiation weighting factor (defined in ERICA as follows): The value of a radiation weighting factor 
represents the relative biological effectiveness of the different radiation types, relative to X- or gamma-
rays, in producing endpoints of ecological significance.  
 
7 Relative Biological Effectiveness: the ratio between the dose of the given radiation needed to produce a 
given biological effect to that of the reference radiation. 
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energy beta. Total doses to the reference organisms are calculated as the sum of both 
internal and external dose. 

The ERICA approach was implemented within the EIKOS software for the purposed of 
this project, in order to facilitate the sensitivity analysis (See Section 4).  

 

Figure 2-1. Illustration of the assessment of dose rates to non-human biota from a 
GDF. 
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3 DATA COLLATION AND INITIAL ANALYSIS 

Data collation and initial analysis represented the first main stage of the study. Its 
purpose was to inform both the sensitivity and knowledge quality assessments; the aim 
being to collate available information on the distribution of key parameters relevant to 
dose assessments for non-human biota and to identify key data gaps and uncertainties..  
By undertaking a review of the key model parameters and the distribution information 
provided within the ERICA tool, it was possible to establish the distribution information 
necessary for the sensitivity study.  This review also demonstrated the source and basis 
for key parameters, which was subsequently used to inform the knowledge quality 
assessment and associated questionnaire.  There were two main subtasks:  

� Review available information on the source and distribution of data for key 
radionuclide-specific assessment parameters for each radionuclide, such as CR 
and Kd values. These data were gathered from the underpinning ERICA 
databases. The aim was to identify key assumptions and data gaps relating to the 
application of default assessment data (focusing on Tier 2 of the ERICA 
Assessment Tool). For example, where assumptions have been applied in 
deriving appropriate CR data from analogue radionuclides, ecosystems or 
reference organisms, this information was clearly identified8.  

� Collation of available information on organism-specific data, e.g. size ranges 
and occupancy data for typical reference organisms, taking into account, where 
practicable, variability in size as a result of life stage of organisms. These data 
were collated from the FASSET and ERICA sources. Further information was 
also obtained, where available, from literature and internet sources to determine 
the range of values that may be applicable. For some parameters, a degree of 
expert judgment and the application of assumptions was necessary (for example 
in defining ellipsoid geometries from biota length measurements). All 
assumptions were clearly documented and the use of expert judgment noted as 
an input to the next phase of this study.   

For all data, information was sought on the mean value, range and form of distribution 
of parameters, where available. Where distribution information was unavailable, 
judgements were used on the basis of review of alternative data (e.g. alternative 
radionuclide/organism) and through consultation within the project team.  

3.1 Representative Ecosystems and Biota 

As indicated earlier, the study focused on the terrestrial and freshwater ecosystems, in 
view of the fact that post-closure releases into the biosphere from a geological disposal 
facility were likely to be mediated through groundwater from a subterranean source. In 
order to scope the range of potential impacts on biota, the full range of reference 
organisms in each of these ecosystems was considered.   

                                                      
8 Validation of the values within the ERICA Assessment Tool through detailed review of fundamental primary scientific 
literature was beyond the scope of this project.  Nonetheless, the ERICA database provides useful information on the 
level of confidence in key parameters which was used to inform subsequent tasks. 
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Considering a generic system, all component parts must be defined in a non-specific 
way.  With respect to the biosphere, the ERICA approach specifies a number of 
organism classes and representative types (or identifies other limiting features).  These 
organism classes are intended to cover a range of lifestyles, habitat occupancies, trophic 
levels and physiologies. 

With respect to the entry of radioactivity into the terrestrial ecosystem from a geological 
disposal facility, soil-dwelling mammals such as moles, shrews or badgers might 
represent more limiting cases.  The terrestrial reference organisms included in the 
ERICA approach and included in this study are presented in Table 3-1. 

The lack of consideration of the juvenile stages is notable for most animal classes.  
Many animals exhibit quite distinctive life stages, with very different diet, habitat 
occupancy, metabolism and sensitivity to environmental perturbations compared to the 
adult stage.  For example, larval or pupal life stages are important for many insects.  
Eggs may be hard (e.g. birds) or soft (e.g. many amphibians).  With respect to the flora, 
life cycle stages (seed, spore), types (annual, perennial, deciduous, evergreen) and 
classes (ferns, fungi) are omitted.   

Considering a generic freshwater ecosystem, the ERICA approach adopts a number of 
organism classes and representative types (or identifies other limiting features), as 
summarised in Table 3-2.    

 

Table 3-1. Terrestrial reference organisms within the ERICA assessment approach. 

Animals (adult) Plants (mature) 
Amphibian Grasses & Herbs 
Bird Lichen & bryophytes 
Detritivorous invertebrate Shrub 
Flying insects Tree 
Gastropod  
Mammal (Deer)  
Mammal (Rat)  
Reptile  
Soil Invertebrate (worm)  
Animals (juvenile stages)  
Bird egg  
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Table 3-2. ERICA reference organisms for the freshwater ecosystem.  

Animals (adult) Plants (mature) 

Frog Phytoplankton 
Freshwater benthic fish Vascular plant 
Duck  
Bivalve mollusc  
Crustacean  
Gastropod  
Mammal  
Salmonid/ trout  
Zooplankton  
Animals (juvenile stages)  
Insect larvae  

 

Again, these organism classes are intended to cover a range of lifestyles, habitat 
occupancies, trophic levels and physiologies. The choice of frogs and ducks overlaps 
with organisms chosen to be representative of the terrestrial environment.  The lack of 
consideration of juvenile stages is also notable for aquatic animal classes.  With respect 
to the flora, very few aquatic classes are introduced and there is no consideration of life 
cycle stages or reproductive strategies.   

3.2 Dosimetry  

Internal exposure arises following the incorporation of radionuclides by the organism 
via pathways such as ingestion or root uptake. The magnitude of internal doses is 
determined by the activity concentration in an organism, the size of the organism, and 
the type and energy of emitted radiation.  

External radiation exposure depends on various factors including contamination levels 
in the environment, the geometric relationship between the radiation source and the 
organism, habitat, organism size, shielding properties of the medium and the physical 
properties of the radionuclides present.  

The key parameters utilised in the calculation of dose rates are thus: 

� Organism geometry and mass; 

� Occupancy factors; 

� Concentration ratios; and, 

� Sediment-water partition coefficients.  

Weighting factors for alpha, beta and gamma radiation are also important parameters 
linked to dosimetry. The sources of data relevant to the study are provided below. 
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Default assessment parameters were obtained through interrogation of the ERICA 
assessment tool, the help function within the assessment tool and published data 
(Beresford et al. 2008; Houssini et al. 2008).  

3.2.1 Organism geometry and mass 

The general assumption has been introduced within approaches that apply the reference 
organism approach (including ERICA), that organisms can be defined as ellipsoids of 
different absolute and relative axial dimensions.  It is further assumed that all organisms 
have a specific density of 1 g per cm3 (i.e. the same as water). 

As a first approximation to determining organism mass, both the geometry and density 
are reasonable assumptions.  However, within any specific context, they do represent a 
source of considerable uncertainty.  Trees, for instance, may have a density ranging 
from around 1.5 g cm-3 (i.e. considerably more dense than water) to <0.5 g cm-3 – 
introducing an uncertainty factor of greater than 3 from this parameter alone.  

Even if it is assumed (reasonably) that most trees exhibit a trunk density of near to  
1 g cm-3, the dimensions of a reproductively mature individual vary considerably, even 
within a single species, dependent both on age and habitat (e.g. closed forest canopy or 
open field).  This may attract a variability of an order of magnitude or more in the 
derived mass. The geometry of a tree is also poorly described by an ellipsoid; the main 
trunk is more nearly defined as a cone, without taking account of the mass within the 
limbs and rootstock.  A cone occupies a lower volume (and thus, has a lower derived 
mass) than an ellipsoid, but it is likely that the addition of the mass of the root and 
branches may add 50 % to the derived mass for the trunk alone. 

Based on consideration of different species within each organism class, and assuming a 
‘reasonable’ rather than an extreme range of species characteristics, the following 
ranges on mass are derived, based on size and density (Table 3-3). Typically, 
uncertainty on mass is around an order of magnitude. 
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Table 3-3. Mass of ERICA terrestrial reference organisms and potential range. 

Reference organism Base 
Organism 

Mass (kg) Max / 
Min ERICA Upper 

case 
Lower 
case 

Amphibian Frog 0.03 0.1 0.004 28
Bird Duck 1.3 3.7 0.4 10
Bird egg Duck egg 0.05 0.2 0.015 14
Detritivorous 
invertebrate Woodlouse 0.0002 0.0003 0.00002 13
Flying insects Bee 0.0006 0.0003 0.0001 3
Gastropod Snail 0.0014 0.0045 0.0007 7
Grasses & Herbs Wild grass 0.003 0.05 0.001 42
Lichen & bryophytes Bryophyte 0.0001 0.0002 0.00006 3
Mammal (Deer) Deer 245* 39 15 3
Mammal (Rat) Rat  0.3 0.9 0.1 6
Reptile Snake  0.7 1.1 0.05 21
Shrub Wild grass 5.7 88 0.7 125
Soil Invertebrate 
(worm) Earthworm 0.005 0.008 0.002 4
Tree Pine Tree 471 7286 133 55

* This value is clearly calculated in error within ERICA and is discounted in considering uncertainty9  

Default geometry and occupancy data are provided in Tables 3-4 and 3-5, for terrestrial 
and freshwater reference organisms, respectively.  

Data ranges for the dimensions and mass are not directly provided within the ERICA 
Assessment Tool.  These dimensions are, however, used to derive dose conversion co-
efficients (DCCs) that, together with concentration ratios, Kd values and occupancy 
factors, enable unweighted absorbed dose rates to reference organisms to be estimated 
for a given ecosystem. 

 

 

 

 

                                                      
9 Although the mass of the deer reference organism is considered inappropriate, this is in consideration of 
the reference organism geometry. The mass given could be appropriate for large herbivorous mammals 
(e.g. moose); however, geometry would require revision to be representative.  
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Table 3-4. Reference biota for a terrestrial environment – default ERICA dimensions 
and foundation organism10  

Reference 
organism 

Base  
Organism 

Organism geometry  (cm) 
A B C 

Amphibian Frog a 8.0 3.0 2.5 
Bird Duck a 30.0 10.0 8.0 
Bird egg Duck egg a 6.0 4.0 4.0 
Detritivorous 
invertebrate 

Woodlouse b 1.7 0.6 0.3 

Flying insects Bee a 2.0 0.75 0.75 
Gastropod Snail c 1.9 1.5 0.9 
Grasses & Herbs Wild grass a 5.0 1.0 1.0 
Lichen & bryophytes Bryophyte c 4.0 0.2 0.2 
Mammal (Deer) Deer a 130 60 60 
Mammal (Rat) Rat a 20 6.0 5.0 
Reptile Snake c 116 3.5 3.5 
Shrub Wild grass a    
Soil Invertebrate (worm) Earthworm a 10.0 1.0 1.0 
Tree Pine Tree a 1000.0 30.0 30.0 

a Geometry data sourced from ICRP 
b Geometry data sourced from FASSET 
c Geometry data derived by ERICA 

                                                      
10 Notes for Table 3-4 to Table 3-9:  

A is the longest dimension.  In human terms this would represent height.  For a bird or frog etc. this 
represents the 'head to rump' dimension.  For elongating organisms (snails or worms etc.) the 
dimension is in the rest position.  For rooting plants this is the visible plant.  It does not account for 
belowground structures.  
B represents an averaged width or broadest dimension.  For most organisms this represents the 'side 
to side' dimension.  Limbs are implicitly, rather than explicitly, included in this dimension for 
'legged' creatures.  For birds, bees or other flying creatures, the wings are in the resting position (i.e. 
folded to the body or retracted into a carapace etc.).  For elongating organisms (snails or worms etc.) 
the dimension is in the rest position.  For branching plants this dimension represents the main 
shooting body. 
C represents the smallest dimension of an organism.  For elongating organisms (snails etc.) the 
dimension is in the rest position. 
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Table 3-5. Reference biota for a freshwater environment – default ERICA dimensions 
and foundation organism. 

Reference  
organism 

Base   
Organism 

Organism geometry (cm) 
A B C 

Amphibian Frog a 8.0 3.0 2.5 
Benthic fish Freshwater benthic fish 1.0 0.3 0.1 

Bird Duck a 30.0 10.0 8.0 

Bivalve mollusc Bivalve  
mollusc 

10.0 4.5 3.0 

Crustacean Crustacean 1.0 0.3 0.1 

Gastropod Gastropod 3.0 1.5 1.5 

Insect larvae Insect larvae 1.5 0.15 0.15 

Mammal Mammal 33.0 15.0 15.0 

Pelagic fish Salmonid/Trout a 50.0 8.0 6.0 

Phytoplankton Phytoplankton 0.008 0.0007 0.0007 

Vascular plant Vascular  plant 100.0 0.1 0.2 

Zooplankton Zooplankton 0.2 0.14 0.16 
a Geometry data sourced from ICRP. The source of all for all other geometry data for reference organisms was 
FASSET 

In order to quantify the degree of uncertainty associated with the default DCCs, a 
review of possible ranges in the size of the base organisms that were used to derive the 
representative organism geometries was undertaken. In many instances, data were 
limited to, at most, one dimension (e.g. length). Where this was the case, dimensions for 
width and breadth were derived by scaling by the ratio of the default axes data. 
Resultant dimension range data are provided in Tables 3-6 to 3-9 for terrestrial and 
freshwater organisms, respectively. 

Upper and lower reference organism geometries were input to the ‘add organism’ 
function of the ERICA assessment tool in order to calculate DCCs for each ecosystem 
component (soil, sediment, water, etc.). Resultant data were extracted as input to the 
sensitivity analysis (Section 4). 
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Table 3-6.  Terrestrial reference organism geometries (upper range). 

Reference 
Organism 

Base Organism Mass 
(kg) 

Dimensions (cm) 

A B C 

Amphibian Frog 9.07E-01 2.50E+01 9.00E+00 7.00E+00
Bird Duck 3.73E+00 5.00E+01 1.50E+01 1.00E+01
Bird egg Duck egg 2.13E-01 9.00E+00 6.50E+00 6.50E+00
Detritivorous 
invertebrate 

Woodlouse 2.83E-04 2.00E+00 7.50E-01 4.50E-01

Flying insects Bee 2.64E-04 2.00E+00 6.00E-01 6.00E-01
Gastropod Snail 4.49E-03 3.00E+00 2.20E+00 1.30E+00
Grasses & Herbs Wild grass 4.61E-02 1.00E+01 2.00E+00 2.00E+00
Lichen & 
bryophytes 

Bryophyte 1.96E-04 6.00E+00 2.50E-01 2.50E-01

Mammal (Deer) Deer 3.92E+01 1.30E+02 2.40E+01 2.40E+01
Mammal (Rat) Rat  8.91E-01 2.80E+01 8.50E+00 6.50E+00
Reptile Snake  1.13E+00 1.50E+02 4.00E+00 4.00E+00
Shrub Wild grass 8.83E+01 1.50E+02 1.50E+02 1.50E+02
Soil Invertebrate 
(worm) 

Earthworm 7.85E-03 1.50E+01 1.00E+00 1.00E+00

Tree Pine Tree 7.29E+03 2.50E+03 7.50E+01 7.50E+01
 

 

 

Table 3-7.  Terrestrial reference organism geometries (lower range). 

Reference 
Organism 

Base Organism Mass 
(kg) 

Dimensions (cm) 

A B C 

Amphibian Frog 2.37E-04 1.50E+00 6.70E-01 5.00E-01
Bird Duck 3.84E-01 2.30E+01 7.50E+00 5.00E+00
Bird egg Duck egg 1.47E-02 4.00E+00 2.60E+00 2.60E+00
Detritivorous 
invertebrate 

Woodlouse 2.20E-05 1.00E+00 3.50E-01 2.00E-01

Flying insects Bee 9.54E-05 1.50E+00 4.50E-01 4.50E-01
Gastropod Snail 6.62E-04 1.50E+00 1.25E+00 7.50E-01
Grasses & Herbs Wild grass 1.10E-03 2.00E+00 1.00E+00 1.00E+00
Lichen & 
bryophytes 

Bryophyte 6.28E-05 3.00E+00 2.00E-01 2.00E-01

Mammal (Deer) Deer 1.53E+01 9.50E+01 1.85E+01 1.85E+01
Mammal (Rat) Rat  1.41E-01 1.50E+01 5.00E+00 4.00E+00
Reptile Snake  5.36E-02 6.50E+01 1.50E+00 1.50E+00
Shrub Wild grass 7.07E-01 3.00E+01 3.00E+01 3.00E+01
Soil Invertebrate 
(worm) 

Earthworm 1.85E-03 8.00E+00 7.00E-01 7.00E-01

Tree Pine Tree 1.32E+02 9.00E+02 2.50E+01 2.50E+01
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Table 3-8. Freshwater reference organism geometries (upper range). 

Reference 
Organism 

Base Organism Mass 
(kg) 

Dimensions (cm) 

A B C 

Amphibian Frog 1.24E-01 1.20E+01 4.50E+00 4.00E+00
Benthic fish Freshwater benthic fish 2.88E-01 2.50E+01 6.00E+00 3.50E+00
Wading bird Duck 3.73E+00 5.00E+01 1.50E+01 1.00E+01
Bivalve mollusc Bivalve mollusc 7.07E-05 1.00E+00 4.50E-01 3.00E-01
Crustacean  Crustacean 1.26E-04 2.00E+00 6.00E-01 2.00E-01
Gastropod  Gastropod 4.52E-03 3.50E+00 1.90E+00 1.30E+00
Insect larvae Insect larvae 4.19E-05 2.00E+00 2.00E-01 2.00E-01
Mammal  Mammal 1.47E+01 7.00E+01 2.00E+01 2.00E+01
Pelagic fish Salmonid/ trout 2.20E+00 5.00E+01 1.00E+01 8.00E+00
Phytoplankton Phytoplankton 1.05E-10 2.00E-01 1.00E-03 1.00E-03
Vascular plant Vascular plant 9.42E-03 1.20E+02 5.00E-01 3.00E-01
Zooplankton Zooplankton 8.37E-05 2.00E+00 5.00E-01 1.60E-01

 

Table 3-9. Freshwater reference organism geometries (lower range). 

Reference 
Organism 

Base Organism Mass 
(kg) 

Dimensions (cm) 

A B C 

Amphibian Frog 7.07E-03 4.00E+00 2.50E+00 1.50E+00
Benthic fish Freshwater benthic fish 2.47E-04 2.50E+00 6.00E-01 3.00E-01
Wading bird Duck 3.84E-01 2.30E+01 7.50E+00 5.00E+00
Bivalve mollusc Bivalve mollusc 5.65E-01 2.00E+01 9.00E+00 6.00E+00
Crustacean  Crustacean 1.96E-06 5.00E-01 1.50E-01 5.00E-02
Gastropod  Gastropod 6.62E-04 1.50E+00 1.25E+00 7.50E-01
Insect larvae Insect larvae 5.23E-06 1.00E+00 1.00E-01 1.00E-01
Mammal  Mammal 2.97E-01 1.80E+01 7.00E+00 4.50E+00
Pelagic fish Salmonid/ trout 2.64E-01 2.00E+01 6.00E+00 4.00E+00
Phytoplankton Phytoplankton 1.05E-15 2.00E-04 1.00E-04 1.00E-04
Vascular plant Vascular plant 1.11E-05 5.00E-01 5.00E-01 1.00E-01
Zooplankton Zooplankton 5.23E-13 2.00E-03 1.00E-03 5.00E-04
 

3.2.2 Occupancy factors 

As a simplification, within the ERICA approach, the terrestrial environment is assumed 
to comprise three locations which organisms may occupy: in-soil; on-soil; and air.  Each 
organism type is assigned a fractional occupancy of each of these environmental 
compartments.  For instance, an earthworm may be assumed to spend time both in the 
in-soil and on-soil compartments as a result of its active burrowing, reproduction and 
feeding cycles.  A tree may be assumed to occupy the in-soil and air compartments as a 
result of its physiological form, taking water and some nutrients from the soil whilst gas 
exchange and transpiration occurs via the leaf stomata. Current default assumptions are 
presented in Table 3-10 below. 
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It is clear that habitat occupancy is variable both within and between organism classes 
although, in many cases, careful definition of the organism type will remove virtually 
all uncertainty.  Thus, a ground nesting bird species will lay eggs, which have 
occupancy solely on the soil surface.  Even for ground nesting birds, however, some 
proportion of the time is likely to be spent in the air (either flying or perched above the 
soil surface), and it should be noted that ducks are not exclusively ground nesters.  In 
fact, they can be quite opportunistic and occupy natural holes in trees, re-occupy crows 
nests or use other ‘man-made’ structures such as hay stacks11. 

Amphibians (even toads, but certainly frogs) will spend some time not within the 
terrestrial environment at all; flying insects (by definition) spend some time above the 
soil surface (and flying ants also spend time below the soil surface).  All vascular 
rooting plants will have a proportion of the biomass above and below ground – and 
serving different functions in the different compartments. 

 

Table 3-10. ERICA default occupancy factors for terrestrial reference organisms. 

Organism Soil Column Soil Surface Air 

Amphibian 0 1 0 
Bird 0 1 0 
Bird egg 0 1 0 
Detritivorous invertebrate 1 0 0 
Flying insects 0 1 0 
Gastropod 0 1 0 
Grasses & Herbs 0 1 0 
Lichen & bryophytes 0 1 0 
Mammal (Deer) 0 1 0 
Mammal (Rat) 1 0 0 
Reptile 0 1 0 
Shrub 0 1 0 
Soil Invertebrate (worm) 1 0 0 
Tree 0 1 0 

 

                                                      
11 http://www.rspb.org.uk/advice/helpingbirds/nesting_mallards/index.asp  
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In the freshwater environment, occupancy is divided between: sediment column; 
sediment surface; water column and water surface.  Each organism type is assigned a 
fractional occupancy of each environmental compartment.  Current ERICA default 
assumptions are presented in Table 3-11. 

It is clear that habitat occupancy is variable both within and between organism classes.  
For example, all vascular rooting plants will have a proportion of the biomass rooted in 
the sediment, within the water column and emergent in air. 

The spatial range or habitat requirement for many organisms may cross ecosystem types 
or exceed the affected zone.  For example, the default occupancy factor for the frog 
implies that all of the time is spent within the water column, whereas within the 
terrestrial system it is assumed that the same organism type solely occupies the soil 
surface. For these organisms, total occupancy within the ecosystem of concern may thus 
be rather less than 1.  This adds both a level of constraint as well as a degree of 
uncertainty to the occupancy factors assigned. 

The level of uncertainty on occupancy factors can never exceed an order of magnitude 
and will often be much less.  Occupancy was not therefore considered in the sensitivity 
analysis. Nonetheless, this is an important conceptual factor within the model and may 
unduly influence the perceived uncertainty of derived impacts and underlying 
assumptions and thus occupancy factor was included within the knowledge quality 
assessment. 
 

Table 3-11. Default occupancy factors for ERICA freshwater reference organisms. 

Organism type Sediment 
Column 

Sediment 
Surface 

Water 
column 

Water 
Surface 

Amphibian 0 0 1 0 
Benthic fish 0 1 0 0 
(Wading) bird 0 0 1 0 
Bivalve mollusc 0 1 0 0 
Crustacean 0 1 0 0 
Gastropod 0 1 0 0 
Insect larvae 1 0 0 0 
Mammal  0 0 1 0 
Pelagic fish 0 0 1 0 
Phytoplankton 0 0 1 0 
Vascular plant 0 1 0 0 
Zooplankton  0 0 1 0 

3.3 Environmental transfer data 

Probability distribution factors (pdf) are available for a number of default environmental 
transfer parameters within the underlying ERICA databases that allow the uncertainty 
associated with the analyses to be taken into account. However, the measure of 
uncertainty only relates to the variability in generic assessment parameters and not the 
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uncertainty that arises from a lack of scientific knowledge about those parameters 
(Hosseini et al. 2008).  

For the following assessment parameters, mean values, data ranges and distribution 
functions were obtained, where available, and the original source of the data 
documented:  

� Sediment-water distribution coefficients (Kd); and, 

� Concentration ratio (CR) between biota activity concentration and that in the 
surrounding environmental media (soil or water). 

3.3.1 Sediment-water distribution coefficients 

The sediment-water distribution coefficient (Kd) is used to describe the equilibrium 
partitioning of a radionuclide between the sediment and water phases in the aquatic 
environment. For the purposes of this type of assessment, radioactivity is assumed to be 
transported to the aquatic environment within groundwater and the primary derived 
concentration is thus the activity in water.  Activity is determined in sediment in order 
to derive one of the external dose factors to organisms exposed on or in sediment. 

Kd depends on the sediment type and, for a number of radionuclides, is also likely to be 
influenced by the nutrient status of the water column.  For instance, the distribution of 
caesium is likely to be influenced by levels of potassium. 

As a first order approximation, Kd is well understood.  It represents both an empirical 
relationship, but also describes a process of binding and can be considered to represent a 
physical pathway.  It is, however, known to vary significantly by orders of magnitude 
among different environments and radionuclides.  

Default data from the ERICA assessment tool are provided in Table 3-12. 
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Table 3-12. ERICA default sediment-water partition coefficients (Kd) for the freshwater 
ecosystem and original data source. 

Radionuclide Kd 
(L/kg) Source  

C-14 5.00E+00 IAEA SRS 19 (2001) 

Cl-36 1.00E+00 Educated guess 

Ni-59 2.00E+04 IAEA TRS 422 (2004) (saltwater) 

Se-79 3.00E+03 IAEA TRS 422 (2004) (saltwater) 

Nb-94 8.00E+05 IAEA TRS 422 (2004) (saltwater) 

Tc-99 5.00E+00 IAEA SRS 19 (2001) 

I-129 3.00E+02 Coughtrey et al (1983) 

Cs-135 1.37E+05 Draft updated TRS364 - in situ Kd 

Pb-210 1.00E+05 IAEA TRS 422 (2004) (saltwater) 

Po-210 2.00E+07 IAEA TRS 422 (2004) (saltwater) 

Ra-226 1.52E+04 Draft updated TRS364  

Th-230 1.84E+07 Draft updated TRS364  

Np-237 1.00E+01 IAEA SRS 19 (2001) 

U-238 5.00E+01 IAEA SRS 19 (2001) 

 

3.3.2 Concentration ratios 

The Concentration ratio (CR) approach is a key and essential element of assessing 
impacts in the terrestrial and freshwater ecosystems. 

In the terrestrial ecosystem, activity concentrations in reference organisms is expressed 
as a constant ratio to the concentration in soil.  The CR assumes an equilibrium state 
and does not model specific mechanisms or pathways.  Indeed, the simple soil – 
organism CR used is generally divergent from any actual uptake mechanism and may be 
applied to derive organism concentrations only as a general approximation and has 
validity only through empirical observations.  For example, whilst an earthworm or 
vascular plant may take up nutrients directly from soil, it is clear that herbivores and 
carnivores consume a number of species and the relationship between soil concentration 
and activity in the animal or plant is more complex than a simple CR value implies.  

The more trophically-distant an organism is from direct uptake from soil, the greater the 
diversity in soil–organism CR values that may be expected. Furthermore, the less 
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precisely a species or organism type is defined, and the less varied the soil type is, the 
more diverse that any observational database is likely to be. 

For the aquatic environment, concentration ratios are expressed as the ratio of the 
activity concentration in the organism relative to that in water. As with the terrestrial 
ecosystem, it assumes an equilibrium state and does not model specific uptake 
mechanisms.12  

While CRs have little or no mechanistic validity and cannot be derived in a direct 
fashion from first principles, the approach offers the advantage that is simple to describe 
and model, and can be derived from direct observational data.  Over long periods, and 
for representative populations within identifiable habitats, it is likely to provide an 
adequate basis to predict concentrations. 

The disadvantage of the CR approach is that it relies solely on observation of two 
essentially unconnected values.  Given that the CR will vary within species (as a result 
of lifecycle stage, metabolic state, diet etc.) and between species; and will vary 
independently with soil type (due to grain size, mineral and organic content, water 
content etc.), it requires a considerable database. A minimum of 20 observations would 
be required13 before a representative value can be established with confidence, and 
before a clear distribution in values can be established14.  In the absence of empirical 
observations, there is no underpinning mechanistic understanding on which theoretical 
values may be derived; at best, it is necessary to make assumptions that one organism 
type resembles another, or that one radionuclide resembles another. 

It is likely that, as a source of uncertainty within modelling the overall system, values 
for CR will represent a major contributor for almost all combinations of organism types 
and radionuclides. It is not uncommon for CR values to span several orders of 
magnitude, even where a significant number of observations are available for named 
species within identifiable habitats. 

Default concentration ratios within the ERICA assessment tool are provided for use 
where no-site specific data are available, such as is the case for probabilistic 
assessments for geological disposal facilities for radioactive waste. Concentration ratios 
were largely based on literature reviews and data were treated according to the 
following rules (Hosseini et al. 2008; Beresford et al. 2008): 

� A higher preference was accorded to in-situ data relative to that derived from 
laboratory studies; 

                                                      
12 Even for pelagic fish, uptake of activity is likely to be largely via food pathways rather than direct 
from water. 
 
13 This is an arbitrary number but can be related to the Student t-test approximation, which specifically 
deals with observational distributions where there are less than 20 degrees of freedom. 
 
14 Given that CR value must be positive and non-zero by definition, but has no theoretical upper value, it 
is likely that distributions will tend to be skewed and approximate to a log-normal distribution; but this 
cannot be regarded as a universal rule, more as a general ‘rule of thumb’. 
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� Terrestrial empirical data collected for radionuclides of caesium, plutonium, 
strontium and americium within 1 year of the Chernobyl accident, or the period 
of above ground nuclear weapons testing fallout, were excluded to avoid the 
effects of surface contamination of vegetation; 

� No differentiation was made between stable element data and radioisotopes; 

� Data for any species falling within a given reference organism category were 
used (with the exception of reindeer due to the air-lichen-reindeer pathway, 
which was considered to be unrepresentative of the exposure pathways relevant 
to other mammalian species and could lead to a significant over-prediction of 
exposure); 

� Application of conversion factors, where applicable, to transform dry weight 
data to fresh weight;  

� Where data were reported as neither fresh nor dry weight, the reported 
concentration ratio was assumed to pertain to fresh weight as a conservative 
assumption;  

� Conversion of soil activity concentration data from Bq m-2 to Bq kg-1 through 
the application of assumptions on soil bulk density and sampling depth where 
these data were not provided; 

� Assumed percentages of total animal live-weight of tissues and distribution of 
radionuclides within different tissues were applied to convert tissue data to 
whole body concentration ratio values; and, 

� Where data were not provided on the tissues of the organism for which a 
concentration ratio value was reported, it was assumed that the data were from 
whole body measurements.  

Statistical approaches were employed to derive weighted mean values for the 
concentration ratio (taking account of the sample numbers and reported standard 
deviation). The overall standard deviation of the range of values was identified through 
a literature review. Where supporting information on sample numbers were not 
reported, assumptions were applied (Beresford et al. 2008): 

� A sample number of 1 was assumed where no data on replicates was given and 
no error term reported; 

� A sample number of 3 was assumed where a measure of error, but no sample 
number, was reported; 

� A sample number of 2 was assumed where minimum and maximum data were 
reported without information on sample replication; and, 

� Where references failed to provide the relevant supporting information, yet 
numerous alternative references were available for a given CR, these data were 
excluded. 
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In order to derive probability distribution functions (pdf) for concentration ratios, two 
approaches were employed (Hosseini et al. 2008): 

� A lognormal distribution was applied in all instances where a mean and standard 
deviation could be determined from the raw data; and, 

� An exponential distribution was applied in all other cases, e.g. CR’s derived 
from reviews and guidance documents where no statistical data are reported. 

For some representative organism-radioelement combinations, no empirical data were 
available upon which concentration ratios could be derived. For both terrestrial and 
freshwater ecosystems, only around 35 % of the default concentration ratios were 
obtained on the basis of empirical data from literature review. A range of approaches 
was therefore employed to address data gaps, including: 

� Similar taxonomy; 

� Similar reference organism; 

� Data from published reviews; 

� Specific activity models (e.g. for C-14 and H-3); 

� Similar biogeochemistry; 

� Similar biogeochemistry and taxonomy; 

� Similar biogeochemistry and reference organism; 

� Allometric or other modelling approaches; 

� Highest available value; 

� Reference organism in a different ecosystem (aquatic ecosystems only); and, 

� Combination of approaches. 

Where possible, the preference was to use either similar taxonomy, similar reference 
organism or data from published reviews to address concentration ratio data gaps and 
around 70-80 % of data gaps were addressed through the application of these 
approaches. The use of data for similar reference organisms was the most commonly 
employed approach. Where multiple values were available (e.g. in the case of applying 
the concentration ratio for one vertebrate to another vertebrate), the highest value was 
applied (Beresford et al. 2008). In the case of data gaps in the freshwater ecosystem, the 
analogue organisms detailed in Table 3-12 were employed by preference.  

The use of the highest available option was one of the least preferred approaches and, in 
the case of the terrestrial ecosystem, was only applied to address data gaps for polonium 
and technetium in the invertebrate reference organism and technetium in the lichen and 
bryophyte reference organism. 
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The latter two approaches (reference organism in a different ecosystem and combination 
of approaches) were the least preferred options, yet still accounted for the approach 
applied in deriving concentration ratio data to account for 20 % of the original data gaps 
for the freshwater ecosystem.  

The approaches employed in deriving those concentration ratios applicable to the 
current study are detailed in Tables 3-13 and 3-14, for terrestrial and freshwater 
ecosystems, respectively. 

 

Table 3-12.  Application of CR data from representative organisms to address data 
gaps for the freshwater ecosystem. 

Representative organism Organism used to fill data gaps 
Gastropod  Mollusc  
Insect larvae Crustacean  
Zooplankton  Phytoplankton  
Pelagic fish Benthic fish 
Benthic fish Pelagic fish 
Vascular plants Macro-algae 
Birds Alternative vertebrate (e.g. fish) 
Amphibians Alternative vertebrate (e.g. fish) 
Mammals  Alternative vertebrate (e.g. fish) 



 

Table 3-13. Approaches applied within ERICA to address CR data gaps for terrestrial reference organisms. 

Reference organism C-14 Cl-36 Ni-59 Se-79 Nb-94 Tc-99 I-129 Cs-135 Pb-210 Po-210 Ra-226 Th-230 Np-237 U-238 

Amphibian                             
Bird                             
Bird egg                             
Detritivorous invert.                             
Flying insects                             
Gastropod                             
Grasses & Herbs                             
Lichen & bryophytes                             
Mammal (Deer)                             
Mammal (Rat)                             
Reptile                             
Shrub                             
Soil Invert. (worm)                             
Tree                             

 
�� empirical data �� similar taxonomy 

�� similar biogeochemistry �� specific activity model 

�� highest available value �� allometric or other modelling approach 

�� similar biogeochemistry & reference organism �� from published reviews 

�� similar reference organism �� combination of approaches 

�� similar biogeochemistry and taxonomy 
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Table 3-14. Approaches applied within ERICA to address CR data gaps for freshwater reference organisms. 

Reference organism C-14 Cl-36 Ni-59 Se-79 Nb-94 Tc-99 I-129 Cs-135 Pb-210 Po-210 Ra-226 Th-230 Np-237 U-238 

Amphibian �� �� �� �� �� ��     �� �� �� �� �� ��
Benthic fish ��             �� ��     ��   
Bird �� �� �� �� �� �� ��   �� �� �� �� �� ��
Bivalve mollusc �� �� �� ��   ��     ��     �� �� ��
Crustacean ��   �� �� �� ��     ��     �� ��   
Gastropod �� �� �� �� �� �� ��   ��     �� �� ��
Insect larvae �� �� �� �� �� ��   �� �� �� �� �� �� ��
Mammal �� �� �� �� �� �� �� �� �� �� �� �� �� ��
Pelagic fish �� ��             ��       -   
Phytoplankton �� ��   �� �� ��     ��     �� ��   
Vascular plant ��         ��     ��       ��   
Zooplankton �� �� �� �� �� ��     �� �� �� �� ��   

 

�� empirical data 

�� similar biogeochemistry 

�� highest available value 

�� similar reference organism 

�� similar taxonomy 

�� ref organism in a different ecosystem 

�� from published reviews 

�� combination of approaches 

35
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3.4 Weighting factors 

The value assigned to a dose ‘weighting factor’ cannot be isolated from the purpose of 
deriving such a factor. 

A weighted dose is one way of expressing the biological effect of different types of 
radiation.  Within a species (and within a specific lifestage for that species) the 
biological effect of a disintegration will be related to the energy of the emission. For 
man, the ICRP currently set the radiation weighting factor for photon and electron 
radiation as 1 (independent of the energy of the radiation) and for alpha radiation as 20.  
For neutron radiation, the value is energy-dependent and is set between 5 and 20.  There 
is debate over weighting factors appropriate to low energy beta emitters (e.g. H-3).  

In order to take account of the relative biological effectiveness of the different types of 
radiation, weighting factors are applied to estimated absorbed dose rates. Default 
radiation weighting factors of 10 for alpha radiation and 3 for low beta radiation are 
assumed within ERICA. 

The variability of weighting factors for alpha radiation has been, and continues to be, a 
subject of debate and is the subject of on-going work by the relevant committee of the 
International Commission on Radiological Protection. 

3.5 Environmental Concentrations 

A generic unit release scenario was used in the initial sensitivity study, whereby it was 
assumed that, for each radionuclide of interest, soil or water concentrations were  
1 Bq/kg or 1 Bq/L, respectively. 

Predicted concentrations for 3 illustrative test cases were provided as follows: activity 
concentrations in terrestrial soils were provided by Posiva and NDA RWMD and 
freshwater concentrations provided by Posiva.  More information on the background to 
these data sets is provided in Section 4. 

It is acknowledged that there are significant uncertainties related to the prediction of 
activity concentrations in environmental media and releases from a geological disposal 
facility.  The focus of this study was, however, consideration of those aspects of 
uncertainty that are associated with the assessment of biota doses.  The uncertainties 
associated with assessment of the release and dispersion of radionuclides within the 
biosphere are beyond the scope of the current assessment. 
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4 SENSITIVITY ANALYSIS 

Sensitivity analysis is an essential tool in simulation modelling and for performing risk 
assessments, enabling an assessor to apportion the relative importance each uncertain 
input parameter has on the output variation (Ekström & Broed 2006). The approach 
employed in undertaking a sensitivity analysis of the ERICA assessment approach for 
use in assessments for GDF scenarios is described in this section. 

4.1 Introduction 

In this study, the objective of the sensitivity analysis was to identify the parameters that 
contribute the most to the uncertainty of the estimated dose rates to the ERICA 
reference organisms. The endpoint of interest is the total dose rate, across all released 
radionuclides, to each reference organism. The inputs to the dose rate calculations are 
radionuclide concentrations in soil or freshwater predicted for a generic unit release and 
for three test case release scenarios. Data for these test cases were provided by Posiva 
(from the KBS-3H project [Broed et al. 2007]) and NDA RWMD (from the Nirex 
Generic Disposal Concept [Nirex 2001]). The characteristics and radionuclides 
considered in each test case are summarised in Table 4-1. 
 

Table 4-1. Case studies considered in the sensitivity analysis. 

Test case Ecosystem Radionuclides considered Comment 

Posiva Terrestrial  
 
Freshwater 

C-14, Cl-36, Ni-59, Se-79, Nb-94,  
 I-129 

KBS-3H project, 
Lake/ 
ScenarioExpell 

NDA 
RWMD 

Terrestrial 
 

C-14, Cl-36, Ni-59, Se-79, Tc-99,  
I-129, Cs-135, Pb-210, Po-210,  
Ra-226, Th-230, Np-237, U-238 

Generic case 

 

For the test cases, the results of the sensitivity analysis will depend on the contribution 
of the radionuclides to the total dose rate. This means that the significance of the 
uncertainties for a given assessment are also taken into account. Thus, a parameter, like 
the concentration ratio or Kd, may provide a large contribution to the uncertainties of 
the dose estimates for a given radionuclide, but a low contribution to the uncertainty of 
the estimates of the total dose rate since this radionuclide may simply have a low 
contribution to the total dose rate. Hence, the sensitivity analysis will show which 
parameters have the most significant contribution to the uncertainties in dose rate 
estimations, using the ERICA approach, for a given situation. The analysis is therefore 
context-specific.   

4.2 Sensitivity Analysis Methodologies 

Eikos is a toolbox, developed by Facilia AB, that supports “state of the art” sensitivity 
analysis methods, including procedures for sensitivity analysis, which can be used to 
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assess the influence of different model parameters on simulation endpoints. The 
procedures employed in the current study were Spearman Ranked Correlation 
Coefficient (SRCC) and the First Order Sensitivity Indices methods. 

The Spearman RCC method is used to measure the strength of a linear correlation 
(positive or negative) between the uncertainty inputs parameters and the predicted 
outputs and is an appropriate measure for the ERICA models, which predict monotonic 
non-linear relationships between inputs and outputs.  

The coefficients of determination of a regression line for the raw data (R2) and the 
ranked (RR2) were also calculated. These coefficients indicate if the dependency 
between the inputs and the outputs is linear (high values of the R2) and/or monotonic 
(high values RR2).  

Parameters with RCCs below the significance levels can be considered to have an 
insignificant direct contribution to the variance. 

The First Order Sensitivity Indices method was used to estimate the contribution of the 
variance of the input parameters on the predicted outputs. This method works well for 
any type of models, does not take into account the interaction between the input 
parameters. In cases when interactions between parameters are important, the first order 
sensitivity indexes would not fully explain the observed variance, that is part of the 
variance will be categorized as unexplained.  

The SRCC and First Order Sensitivity Indices methods are outlined in more detail in 
Ekström (2005) and Ekström and Broed (2006). 

4.3 Approach 

The sensitivity analysis was performed in several steps.  

Initially, the ERICA assessment approach was incorporated into the EIKOS sensitivity 
analysis platform and supporting data collated as described in Section 3.  

The probability distribution functions (pdf’s) available in the ERICA database for the 
concentration ratios and distribution coefficients (Kds) were used. For the dose 
conversion coefficients (DCCs) and RBEs, uniform pdf’s were used, covering the whole 
range of possible values for a reference organism and radionuclide. As indicated in the 
previous section, the distribution of DCC values was obtained by defining a minimum 
and maximum size for each reference organism and calculating the DCCs with the 
ERICA tool. A uniform distribution was assigned to the DCCs, using the range of 
variation of the DCCs according to organism sizes (Tables 3-6 to 3-9). The variability 
of the DCC in most of the cases is very low.  A rate between the minimum and 
maximum values of the DCCs was calculated. If this rate was > 90 % no distribution 
was assigned to the parameter. Tabulated assessment data are provided in Appendix A. 

Both generic and test case scenarios were analysed. The generic analysis was based on 
unit environmental concentrations (1 Bq/kg soil or 1 Bq/l freshwater) for each 
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radionuclide of interest:  C-14, Cl-36, Ni-59, Se-79, Nb-94, Tc-99, I-129, Cs-135, 
Pb-210, Po-210, Ra-226, Th-230, Np-237 and U-238. 

 

Table 4-2. Environmental activity concentration input data for the Posiva test cases.  

Radionuclide Activity Concentration Soil 
(Bq/kg)  

Freshwater activity 
concentration (Bq/m3) 

C-14 4.02E-05 4.28E-01 
Cl-36 3.16E-01 7.69E-04 
Ni-59 5.59E-11 1.88E-15 
Se-79 3.04E-03 1.36E-06 
Nb-94 3.34E-11 1.95E-15 
I-129 1.10E-01 8.54E-05 

  

For the test cases, maximum values of the radionuclide concentrations, in time and 
space, were used for calculating doses to each ERICA reference organism. Input data 
are given in Tables 4-2 and 4-3 for the Posiva and NDA RWMD test cases, 
respectively. For both generic and test cases it was assumed that there is no uncertainty 
(including variability) in the radionuclide concentrations.  

 

Table 4-3. Environmental activity concentration input data for the NDA RWMD test 
case.  

Radionuclide Activity Concentration Soil 
(Bq/kg)  

C-14 6.79E-05 
Cl-36 3.47E-03 
Ni-59 6.07E-01 
Se-79 7.04E-03 
Tc-99 9.98E-04 
I-129 3.00E-02 
Cs-135 2.40E-01 
Pb-210 9.13E-02 
Po-210 9.13E-02 
Ra-226 9.13E-02 
Th-230 5.62E-02 
Np-237 8.10E-02 
U-238 1.70E-02 
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Probabilistic simulations were carried out for the generic and test cases, using the Latin 
Hypercube Sampling (LHS) (10,000 simulations). For each reference organism the total 
dose rate and the dose rate from each radionuclide were calculated. The sensitivity 
analyses were carried out using the SRCC and the First Order Sensitivity Indices 
methods.  

4.4 Generic Assessment Results 

4.4.1 Terrestrial ecosystem 

Results of the generic (unit release) terrestrial sensitivity analysis indicate that CR is the 
key parameter for all radionuclides. However, for some radionuclides (e.g. Po-210,  
Ra-226, Th-230, Np-237 and U-238) the weighting factor for alpha particles also 
contributes to the uncertainty of the dose rate. 

4.4.2 Freshwater ecosystem 

For the freshwater generic sensitivity analysis, CR is again the main contributor to 
uncertainty for most radionuclides and organisms considered. However, for 
radionuclides with beta-gamma radiation (relatively high DCC_ext_beta_gamma), the 
Kd also has an important contribution) for benthic organisms. This is clearly seen for 
Nb-94, which is a relatively high beta (471.68 KeV) and gamma (702.622 KeV and 
871.091 KeV) emitter (Figure 4-1). It can be seen from the tornado plot in Figures 4-1 
and 4-2 that the Kd has a major contribution for benthic fish (the same is true for other 
benthic organisms) and negligible contribution for pelagic fish (the same is true for 
other pelagic organisms). The opposite picture is observed for the CR.  

For radionuclides that are alpha emitters (e.g. Ra-226), the weighting factor for alpha 
particles also contributes to the uncertainty of the dose rate (Figure 4-3). Ra-226 also 
has a relatively high DCC_ext_beta_gamma, hence Kd is important for benthic, but not 
pelagic organisms (Figure 4-3 and 4-4). 
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Figure 4-1. Tornado plot of the Spearman Rank Correlation Coefficients of the total 
dose rate to benthic fish from Nb-94. 
 
 
 

 
 
Figure 4-2. Tornado plot of the Spearman Rank Correlation Coefficients of the total 
dose rate to pelagic fish from Nb-94.  
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Figure 4-3. Tornado plot of the Spearman Rank Correlation Coefficients of the total 
dose rate to benthic fish from Ra-226.   

 
 

 
 
Figure 4-4. Tornado plot of the Spearman Rank Correlation Coefficients of the total 
dose rate to pelagic fish from Ra-226.  
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4.5 Test case 1 (Posiva, Freshwater) 

As a result of the release scenario which takes account of releases occurring only in the 
first 10,000 years post-closure, only the following radionuclides were important for 
biota dose rate calculations: C-14, Cl-36, Ni-59, Se-79, Nb-94, I-129. No other 
radionuclides are released within the 10,000 year assessment timeframe.  

4.5.1 Uncertainty in dose rates to freshwater organisms from each individual 
radionuclide  

The sensitivity analysis results for the total dose to the reference organisms from each 
individual radionuclide in this study are similar to those obtained for the generic study 
in that the SRCC analysis identifies CR and Kd as the most important parameters. The 
importance of each of these parameters for each radionuclide according to the 
occupancy habits (benthic or pelagic) of reference organisms are detailed in Table 4-4.  
 

Table 4-4. Parameters leading to uncertainty in biota dose rates from individual 
radionuclides (in order of importance). 

Radionuclide 
Parameter 

Benthic reference 
organisms 

Pelagic reference 
organisms 

C-14 CR 
DCC_Int_beta_gamma 

Cl-36 CR 
DCC_Int_beta_gamma 

Ni-59 Kd 
CR 
DCC_Int_beta_gamma

CR 

Nb-94 Kd CR 
DCC_Int_beta_gamma 

Se-79 CR 
DCC_Int_beta_gamma
Kd 

CR 
DCC_Int_beta_gamma 

I-129 CR 
Kd 
DCC_Int_beta_gamma

CR 
DCC_Int_beta_gamma 

 

Table 4-5 shows the fraction of the variance in the dose rate predictions that cannot be 
explained by a first order effect of each individual parameter on the variation observed 
in the predictions for individual radionuclides. High values of the unexplained variance 
(shaded cells) indicate that effect interactions (correlations) between parameters are 
important.  Correlations between parameters are therefore important for Ni-59, Se-79 
and I-129 in the insect larvae reference organism; Ni-59 and Se-79 in pelagic fish and 
phytoplankton reference organisms and Cl-36 and Ni-59 in the zooplankton reference 
organism. 
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4.5.2 Total dose rates to freshwater reference organisms from all radionuclides 

The SRCC shows that the total dose rate is strongly positively correlated to the CR for 
C-14 for all organisms (Figure 4-5). The DCCint beta gamma factor for C-14 is the 
second most important parameter. Values for R2 and RR2 are equal or very close to 1, 
which indicates that there is linear monotonic relationship between the total doses and 
the analysed input parameters. 

Table 4-6 shows the sensitivity indexes of the CR of C-14 obtained for the different 
reference organisms. The low values of the unexplained variance indicate that most of 
the variance is explained by direct effects of the parameters on the predictions. At the 
same time, the CR of C-14 has a dominant contribution to the total variant, which can 
be seen by comparing the values of the sensitivity indexes for the CR of C-14 with the 
total explained variance.  

The dominance of C-14 to the explained variance in output is primarily a result of the 
prevalence of C-14 to the overall release to the biosphere from the GDF compared with 
other radionuclides. 

 

Table 4-5. Fraction of the variance (in %) of the predicted total doses to freshwater 
biota from each individual radionuclide, that cannot be explained by first order effects; 
as shown by the first order sensitivity indexes.  

Organism C-14 Cl-36 I-129 Nb-94 Ni-59 Se-79 
Amphibian 9 10 10 15 7 10 
Benthic fish 11 10 9 12 8 9 
Bird 10 11 9 12 7 9 
Bivalve mollusc 10 6 7 11 7 9 
Crustacean 10 9 9 10 8 11 
Gastropod 9 12 4 11 8 18 
Insect larvae 10 19 52 11 62 68 
Mammal 9 11 9 10 8 9 
Pelagic fish 10 10 8 12 31 75 
Phytoplankton 11 10 9 13 29 86 
Vascular plant 10 10 9 13 7 9 
Zooplankton 10 44 9 15 46 15 
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Figure 4-5. Correlation between radionuclide parameters and total dose rate (averaged 
across all reference organisms). 
 

Table 4-6. First order sensitivity indexes for the CR of C-14 (in %) obtained for 
freshwater reference organisms. The values of the total explained and unexplained 
variance are also shown in %.  

 First Order Sensitivity Indices
Reference 
organism 

CR Total 
explained 
variance 

Unexplained 
variance 

Amphibian 87 94 6 
Benthic fish 87 95 5 
Bird 87 95 5 
Bivalve 
mollusc 

87 
94 6 

Crustacean 85 94 6 
Gastropod 88 95 5 
Insect larvae 76 90 10 
Mammal 87 95 5 
Pelagic fish 87 95 5 
Phytoplankton 87 94 6 
Vascular plant 88 95 5 
Zooplankton 87 94 6 
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4.6 Test case 2 (Posiva, Terrestrial) 

As for test case 1, only the following radionuclides were important for biota dose rate 
calculations as a result of the release scenario for the terrestrial ecosystem test case:  
C-14, Cl-36, Ni-59, Se-79, Nb-94, I-129.  

4.6.1 Dose rates to terrestrial reference organisms from each individual 
radionuclide 

For all radionuclides, CR is the most important parameter influencing dose rate to 
reference organisms from each individual radionuclide (Table 4-7). The 
DCC_int_beta_gamma was the second most influential parameter. The influence of 
DCC_int_beta_gamma is greatest for soil dwelling reference organisms (soil 
invertebrate, gastropod and detritivorous invertebrate, Table 4-8). The alpha weighting 
factor was a minor contributor with dose rate to soil dwelling reference organisms, in 
general, being the most affected (e.g. Figure 4-6).  

 

 
Table 4-7. Values of the SRCC for the CR from soil to terrestrial biota.  

Organism C-14 Cl-36 I-129 Nb-94 Ni-59 Se-79 
Amphibian 0,99 0,98 0,99 0,99 1,00 0,99 
Bird 0,99 0,99 0,99 0,99 1,00 0,99 
Bird egg 0,99 0,99 0,99 0,99 1,00 0,99 
Detritivorous invertebrate 0,99 0,89 0,96 0,96 1,00 0,99 
Flying insects 0,99 0,99 0,99 0,99 1,00 0,99 
Gastropod 0,99 0,95 0,92 0,92 1,00 0,97 
Grasses & Herbs 0,99 0,97 1,00 1,00 1,00 0,99 
Lichen & bryophytes 0,99 0,98 0,99 0,99 1,00 0,99 
Mammal (Deer) 0,99 0,99 0,99 0,99 1,00 1,00 
Mammal (Rat) 0,99 0,99 0,99 0,99 1,00 1,00 
Reptile 0,99 0,98 0,99 0,99 1,00 0,99 
Shrub 0,99 0,99 0,99 0,99 1,00 0,97 
Soil Invertebrate (worm) 0,99 0,86 0,95 0,95 1,00 0,99 
Tree 0,99 0,97 0,99 0,99 0,99 0,99 
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Table 4-8. Values of the SRCC for the DCC_int_beta_gamma of terrestrial biota. 

Organism C-14 Cl-36 I-129 Nb-94 Ni-59 Se-79 
Amphibian 0,16 0,18 0,12 0,31 0,04 0,14 
Bird 0,15 0,14 0,11 0,22 0,01 0,15 
Bird egg 0,13 0,14 0,12 0,24 0,05 0,17 
Detritivorous invertebrate 0,13 0,44 0,27 0,15 0,02 0,15 
Flying insects 0,16 0,17 0,10 0,14 0,01 0,13 
Gastropod 0,18 0,30 0,38 0,18 0,05 0,21 
Grasses & Herbs 0,15 0,23 0,10 0,20 0,01 0,10 
Lichen & bryophytes 0,15 0,17 0,09 0,16 0,02 0,15 
Mammal (Deer) 0,15 0,15 0,14 0,19 0,05 0,09 
Mammal (Rat) 0,14 0,16 0,12 0,21 0,00 0,07 
Reptile 0,15 0,15 0,10 0,22 0,02 0,15 
Shrub 0,15 0,16 0,14 0,36 0,05 0,23 
Soil Invertebrate (worm) 0,15 0,49 0,29 0,17 0,04 0,14 
Tree 0,15 0,23 0,13 0,24 0,14 0,14 

 
 

 
 
Figure 4-6. Influence of assessment parameters to uncertainty in dose rate estimates for 
Ni-59 in the Gastropod reference organism. 
 

Table 4-9 shows the fraction of the variance in the dose rate predictions that cannot be 
explained by a first order effect of each individual parameter on the variation observed 
in the predictions for individual radionuclides. High values of the unexplained variance 
(shaded cells) indicate that effect interactions (correlations) between parameters are 
important.  Correlations between parameters are therefore important for Cl-36, Ni-59, 
Se-79 and I-129 in the grasses and herbs reference organism; Ni-59 and Se-79 in the 
mammal (deer) and mammal (rat) reference organisms; Cl-36 and Ni-59 in the shrub 
reference organism and Ni-59 in the soil invertebrate reference organism. 
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Table 4-9. Fraction of the variance (in %) of the predicted total doses to terrestrial 
biota from each individual radionuclide, that cannot be explained by first order effects; 
as shown by the first order sensitivity indexes.  
 

Organism C-14 Cl-36 I-129 Nb-94 Ni-59 Se-79 
Amphibian 9 10 10 15 7 10 
Bird 11 10 9 12 8 9 
Bird egg 10 11 9 12 7 9 
Detritivorous 
invertebrate 

10 6 7 11 7 9 

Flying insects 10 9 9 10 8 11 
Gastropod 9 12 4 11 8 18 
Grasses & Herbs 10 19 52 11 62 68 
Lichen & bryophytes 9 11 9 10 8 9 
Mammal (Deer) 10 10 8 12 31 75 
Mammal (Rat) 11 10 9 13 29 86 
Reptile 10 10 9 13 7 9 
Shrub 10 44 9 15 46 15 
Soil Invertebrate (worm) 9 6 7 10 21 10 
Tree 9 16 9 13 2 9 

 

4.6.2 Total doses to the reference organisms from all radionuclides 

The SRCC shows that the total dose rate is strongly positively correlated to the CR for 
the majority of reference organisms. However, for the bird egg reference organism, the 
CR for I-129 is the key parameter affecting total dose rate (Table 4-10). The DCCint beta 
gamma is the second most important parameter for reference organisms other than bird 
egg. Values for R2 and RR2 are equal or very close to 1, which indicates that there is 
linear monotonic relationship between the total doses and the analysed input 
parameters. 

Table 4-10 shows the sensitivity indexes of the CR of Cl-36 and I-129 and the DCCint 
beta gamma factor for Cl-36 obtained for the different reference organisms. The low 
values of the unexplained variance indicate that most of the variance is explained by 
direct effects of these parameters on the predictions. With the exception of the bird egg 
reference organism, the CR of Cl-36 has the dominant contribution to the total variant, 
which can be seen by comparing the values of the sensitivity indexes for the CR of  
Cl-36 with the total explained variance. In the case of the bird egg, the CR for I-129 has 
the dominant contribution to the total variant. 

 

 

 
 



49 
 

Table 4-10. First order sensitivity indexes for the CR of Cl-36 and I-129 and 
DCC_int_beta_gamma of Cl-36 (in %) obtained for terrestrial reference organisms. 
The values of the total explained and unexplained variance are also shown in %.  

Reference 
organism 

First Order Sensitivity Indices 
CR  
Cl-36 

CR  
I-129 

DCC_int_beta_gamma
Cl-36 

Total Unexplained

Amphibian 85 0 4 92 8 
Bird 87 0 3 91 9 
Bird egg 11 77 0 91 9 
Detritivorous 
invertebrate 75 1 18 97 3 
Flying insects 86 2 3 93 7 
Gastropod 79 0 7 90 10 
Grasses & 
Herbs 77 0 4 82 18 
Lichen & 
bryophytes 85 0 3 91 9 
Mammal (Deer) 87 0 3 92 8 
Mammal (Rat) 87 0 3 92 8 
Reptile 86 0 4 92 8 
Shrub 55 0 1 58 42 
Soil Invertebrate 
(worm) 70 1 21 95 5 
Tree 80 0 4 86 14 

4.7 Test case 3 (NDA RWMD, Terrestrial) 

The NDA RWMD test case considers releases from a GDF over a period of 1 million 
years post-closure, thus a greater range of radionuclides are predicted to reach the 
biosphere when compared with the Posiva test case. 

4.7.1 Doses to terrestrial reference organisms from each individual 
radionuclide  

As with the Posiva freshwater and terrestrial test cases, the terrestrial NDA RWMD test 
case identified CR as the key parameter contributing to dose rate assessment variability 
for all radionuclides considered (Table 4-11). The weighting factor for alpha radiation 
was also of importance for Po-210, Ra-226, Th-230, Np-237 and U-238 for all reference 
organisms. For soil-dwelling reference organisms, beta gamma emitting radionuclides 
were also an important contributor to dose rate variation from individual radionuclides 
(Table 4-12). The Pb-210 DCC internal beta-gamma was of importance for the flying 
insect reference organism. 

Table 4-13 shows the fraction of the variance in the dose rate predictions that cannot be 
explained by a first order effect of each individual parameter on the variation observed 
in the predictions for individual radionuclides. High values of the unexplained variance 
(shaded cells) indicate that effect interactions (correlations) between parameters are 
important.  Correlations between parameters are particularly important for alpha-
emitting radionuclides for which interactions between CR and alpha weighting factor 
would be envisaged.  



 

Table 4-11. Values of the SRCC for the CR from soil to terrestrial biota.  

Reference 
organism 

C-14 Cl-36 Ni-59 Se-79 Tc-99 I-129 Cs-135 Pb-210 Po-210 Ra-226 Th-230 Np-237 U-238 

Amphibian 0,99 0,99 0,99 0,99 0,97 0,99 0,99 0,99 0,84 0,84 0,84 0,84 0,84 
Bird 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,84 0,84 0,84 0,84 0,84 
Bird egg 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,85 0,84 0,84 0,84 0,84 
Detritivorous 
invertebrate 

0,99 0,99 0,99 0,99 0,99 0,96 0,96 0,94 0,84 0,84 0,84 0,84 0,84 

Flying insects 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,73 0,84 0,84 0,84 0,84 0,84 
Gastropod 0,99 0,99 0,99 0,97 0,99 0,92 0,92 0,99 0,84 0,76 0,84 0,84 0,84 
Grasses & Herbs 0,99 0,99 0,99 0,99 0,95 1,00 1,00 0,99 0,89 0,81 0,84 0,84 0,90 
Lichen & 
bryophytes 

0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,96 0,58 0,38 0,66 0,66 0,84 

Mammal (Deer) 0,99 0,99 0,99 1,00 0,99 0,99 0,99 0,98 0,61 0,80 0,83 0,83 0,79 
Mammal (Rat) 0,99 0,99 0,99 1,00 0,99 0,99 0,99 0,97 0,61 0,81 0,82 0,82 0,80 
Reptile 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,84 0,84 0,84 0,84 0,84 
Shrub 0,99 0,99 0,99 0,97 0,99 0,99 0,99 0,99 0,63 0,47 0,84 0,84 0,87 
Soil Invertebrate 
(worm) 

0,99 0,99 0,99 0,99 0,99 0,95 0,95 0,99 0,84 0,84 0,84 0,84 0,84 

Tree 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,61 0,79 0,77 0,77 0,87 
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Table 4-12. Values of the SRCC for the DCC_int_beta_gamma for terrestrial biota.  
 
Reference organism C-14 Cl-36 Ni-59 Se-79 Tc-99 I-129 Cs-135 Pb-210 
Amphibian 0,14 0,19 0,04 0,14 0,21 0,13 0,13 0,12 
Bird 0,15 0,15 0,02 0,14 0,15 0,12 0,13 0,10 
Bird egg 0,16 0,16 0,03 0,16 0,14 0,13 0,12 0,15 
Detritivorous 
invertebrate 

0,14 0,44 0,00 0,14 0,15 0,26 0,10 0,33 

Flying insects 0,15 0,15 0,04 0,14 0,17 0,10 0,10 0,65 
Gastropod 0,15 0,29 0,05 0,22 0,15 0,37 0,27 0,16 
Grasses & Herbs 0,15 0,25 0,03 0,10 0,28 0,10 0,15 0,10 
Lichen & bryophytes 0,14 0,16 0,02 0,16 0,14 0,11 0,25 0,28 
Mammal (Deer) 0,14 0,15 0,02 0,08 0,16 0,13 0,14 0,18 
Mammal (Rat) 0,14 0,16 0,04 0,09 0,14 0,13 0,17 0,21 
Reptile 0,15 0,15 0,03 0,14 0,15 0,12 0,12 0,17 
Shrub 0,15 0,14 0,03 0,25 0,15 0,14 0,18 0,14 
Soil Invertebrate 
(worm) 

0,16 0,49 0,03 0,13 0,15 0,29 0,13 0,14 

Tree 0,15 0,24 0,11 0,13 0,16 0,11 0,15 0,17 
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Table 4-13. Fraction of the variance (in %) of the predicted total doses to terrestrial biota from each individual radionuclide, that cannot 
be explained by first order effects; as shown by the first order sensitivity indexes.  
 
Reference 
organism 

C-14 Cl-36 Ni-59 Se-79 Tc-99 I-129 Cs-135 Pb-210 Po-210 Ra-226 Th-230 Np-237 U-238 

Amphibian 10 11 8 10 20 10 32 73 22 22 23 23 24 
Bird 10 10 8 10 10 9 56 55 23 23 23 22 22 
Bird egg 9 10 7 10 10 8 46 9 21 23 22 22 22 
Detritivorous 
invertebrate 

11 6 7 10 10 8 70 9 24 22 21 22 22 

Flying insects 9 10 7 10 9 9 79 4 22 22 24 22 22 
Gastropod 10 12 9 18 10 5 12 42 21 30 22 24 21 
Grasses & Herbs 9 20 63 94 12 51 35 61 60 37 47 23 61 
Lichen & 
bryophytes 

9 10 7 10 10 8 15 15 16 7 19 20 23 

Mammal (Deer) 10 10 28 77 10 9 32 20 15 37 40 23 32 
Mammal (Rat) 9 10 29 77 10 9 32 18 15 34 45 21 35 
Reptile 10 10 7 10 10 9 56 10 22 23 22 23 23 
Shrub 10 45 47 14 10 9 28 40 18 10 23 91 54 
Soil Invertebrate 
(worm) 

9 6 23 10 10 6 44 37 23 22 21 22 23 

Tree 9 16 3 11 10 9 32 32 18 34 30 22 68 
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4.7.2 Total doses to terrestrial reference organisms from all radionuclides 

Table 4-14 shows the sensitivity indexes of the CR of Np-237, Po-210 and Ra-226 and 
the alpha weighting factor obtained for the different reference organisms. For the 
majority of reference organisms, the CR for Ra-226 and alpha weighting factor are the 
key parameters explaining variation in total dose rate estimates.  With the exception of 
the grasses and herbs and shrub reference organisms, the majority of variation in total 
dose rate estimates is explained by first order effects, with only around 10-20% of 
variance being unexplained (i.e. correlations between parameters are occurring). For 
these two reference organisms, correlations between parameters are of more importance, 
resulting in 44% and 55% of variance being unexplained by first order effects 
respectively.   This is clearly demonstrated in Figure 4-7 for the grasses and herbs 
reference organism. 

 
 
Table 4-14. First order sensitivity indexes (in %) for the CR of Np-237, Po-210 and  
Ra-226 and alpha weighting factor obtained for terrestrial reference organisms. The 
values of the total explained and unexplained variance are also shown in %.  

Reference 
organism 

Sensitivity indexes, First Order Interactions 
CR 
Np-237 

CR 
Po-210 

CR 
Ra-226 w_alpha Total Unexplained 

Amphibian 0,00 0,00 0,59 0,19 0,83 0,17 
Bird 0,00 0,00 0,59 0,18 0,80 0,20 
Bird egg 0,00 0,00 0,57 0,18 0,81 0,19 
Detritivorous 
invertebrate 0,00 0,00 0,59 0,19 0,81 0,19 

Flying insects 0,00 0,00 0,59 0,19 0,81 0,19 
Gastropod 0,00 0,00 0,50 0,20 0,74 0,26 
Grasses & 
Herbs 0,00 0,20 0,19 0,13 0,56 0,44 

Lichen & 
bryophytes 0,00 0,36 0,00 0,50 0,89 0,11 

Mammal (Deer) 0,00 0,00 0,50 0,13 0,67 0,33 
Mammal (Rat) 0,00 0,00 0,53 0,13 0,69 0,31 
Reptile 0,00 0,00 0,59 0,18 0,81 0,19 
Shrub 0,05 0,07 0,03 0,27 0,45 0,55 
Soil 
Invertebrate 
(worm) 

0,00 0,00 0,60 0,19 0,82 0,18 

Tree 0,15 0,21 0,01 0,48 0,88 0,12 
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Figure 4-7.  Contribution of input parameters to the variance of the prediction of total 
dose rates for the grasses and herbs reference organism. The percentage contribution to 
the variance of the most important parameters is indicated. The percentage of 
unexplained variance is also shown.  

4.8 Discussion 

From the generic and test cases it is evident that concentration ratio is the key parameter 
leading to variance in dose rate estimates for non-human biota within the ERICA 
assessment methodology. This is expected due to the large range in concentration ratios 
observed for each radionuclide and reference organism considered. For the Posiva test 
cases, the key radionuclides were Cl-36 and I-129 for the terrestrial ecosystem and C-14 
for the freshwater ecosystem. Kd is also an important parameter explaining dose rate 
variance for benthic freshwater reference organisms for individual radionuclides. 
However, when total dose rates are considered, Kd is of low importance due to the 
dominance of C-14 in the release scenario. In this instance the C-14 DCCint beta gamma 
is the second most important parameter.  

For the NDA RWMD test case, key radionuclides are Np-237, Po-210 and Ra-226. Due 
to the decay properties of these radionuclides, the weighting factor for alpha also 
contributes to the variation in dose rate estimates. 

Differences observed in the radionuclides of importance between the NDA RWMD and 
Posiva test case primarily arise as a result of the different time period considered in the 
release scenario – the Posiva test case considers releases to the biosphere over a period 
of 10,000 years post closure, in line with regulatory guidelines, whereas the NDA 
RWMD release is considered over a period of 1 million years post closure. This allows 
for the ingrowth of daughters of the U-238 series decay chain to be released to the 
biosphere in the NDA RWMD test case. Only the most mobile radionuclides enter the 
biosphere in the Posiva test case. 
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For most of the reference organisms and radionuclides considered through all test cases, 
variance in total dose rate is largely explained through first order effect, thus each 
individual parameter has a direct influence on dose rate estimates. However, some 
interactions are evident between parameters leading to unexplained variation in the first 
order sensitivity analysis. This is particularly evident where alpha emitting 
radionuclides are present in the release scenario such that the weighting factor for alpha 
radionuclides influences dose rate estimates.  

As may be expected, the occupancy habits of reference organisms also influences the 
parameters that are ultimately important for each radionuclide. This is demonstrated 
through the Posiva freshwater test case where by benthic organism dose rates are 
influenced by CR, DCCint beta gamma and Kd, depending upon the decay 
characteristics of individual radionuclides. Pelagic reference organisms on the other 
hand are only influenced by CR and DCCint beta gamma. Such an interplay is less 
evident when total dose rates are considered, but this is largely a factor of the particular 
release scenario, which is dominated by few radionuclides in this particular test case. 
Over longer time period release scenarios, a greater interplay between these parameters 
may be evident and different radionuclides may be of greater significance to total dose 
rates.  

Further consideration of the importance of the different assessment parameters is given 
in Section 6.  
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5 KNOWLEDGE QUALITY ASSESSMENT 

The knowledge base behind an assessment is often drawn from a range of sources, 
which may include well-established knowledge, expert judgement, educated guesses 
and tentative assumptions (van der Sluijs 2006). 

A knowledge quality assessment is a procedure that allows consideration of the full 
range of uncertainties in an assessment, including those associated with unquantifiable 
information such as model conceptualisation and parameter selection. It allows the 
relative strength of data to be assessed, on the basis of the background history by which 
the data was produced and the underpinning scientific status of the data. 

The approach involves qualitative judgement whereby a team of experts are invited to 
provide individual opinion on the quality, or pedigree, of assessment assumptions and 
parameters. In order to minimise arbitrariness and subjectivity, and to ensure a level of 
consistency in the evaluation, of the strength of assumptions and parameters, a scoring 
(Pedigree) matrix is provided to allow consistent evaluation (on a scale of 0 to 4 or 
similar) of the qualitative expert judgements for each criterion. The process facilitates 
structured thinking on sources of uncertainty and helps to identify the weakest aspects 
of a given knowledge base.  

Scoring is based on the level of certainty or understanding that can be related to 
attributes such as: 

� Theoretical understanding; 

� Empirical quality; 

� Extent to which data are a proxy for required data; and, 

� Robustness (e.g. against temporal changes and external conditions). 

The views of all experts are collated to determine the degree of consensus around each 
of the questions posed. The approach has the advantage that subjective expert 
knowledge can be assessed, with the full range of views and the level of expert 
disagreement evaluated.  

It is important to note, however, that the results of any expert elicitation exercise will be 
sensitive to the selection of the experts from whom estimates are gathered and can 
represent a source of bias (Refsgaard et al. 2006). 

5.1 Approach 

The knowledge quality assessment performed in this project was designed to consider 
all of the key parameters associated with the assessment of dose rates to non-human 
biota, with a particular focus on the way in which the assessment and parameters are 
applicable to the assessment of impacts of releases from GDFs.  In undertaking this 
assessment, the basis for the general biota assessment approach was included, in 
addition to quality of the individual parameters used within the approach.  For example, 
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the specification of individual ecosystems and their components were considered.  The 
concept of reference organisms and the assumptions underlying their specification were 
also considered.   

For each of the features and parameters of interest, the underlying source of the data or 
parameter was investigated (detailed in Section 4). This information was provided, as 
part of the questionnaire package, to the experts taking part in the expert elicitation 
exercise. The questionnaire provided to participants is summarised in Appendix C. 

5.1.1 Scoring matrix 

There are five general criteria against which scores can be allocated within a knowledge 
quality assessment (Refsgaard et el. 2006) These are: 

� Theoretical understanding – the degree to which a process or interaction is 
understood and represented. If the theoretical understanding is high it may be 
possible to make reliable estimates even if the empirical basis is weak. Processes 
based on well-established theory should be scored highly whereas those 
processes for which the theoretical basis is more speculative should be scored 
lower. 

� Empirical quality – the degree to which data (e.g. direct observations, 
measurements and statistics) are used to estimate the parameters that describe a 
process or interaction. Those parameters derived through indirect measures such 
as use of analogues/extrapolation should be scored lower compared with those 
based on good quality direct observational data. 

� Proxy – the accuracy of the representation of the processes/interactions  to the 
actual underlying chemical, physical and biological mechanisms; Low scores 
would be allocated where processes are over-simplified or idealised.  

� Robustness – degree of understanding of how processes may change as a result 
of external factors or over time. Processes that are unlikely to be affected by 
change (e.g. radioactive decay rates over time) would be scored highly.  

� Consensus – the degree to which the scientific theory is accepted by the 
scientific community. 

For the purposes of the current study, a simplified range of criteria was employed as a 
consequence of the large number of parameters for which scores were required.  
 
The concepts and factors included in the knowledge quality assessment were as follows: 

� Reference organisms; 

� Habitat components; 

� Concentration ratios and Kds; 
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� Radiation weighting factors; and 

� Geometry and dosimetry. 

A scoring scheme was provided for each measure; an example of the descriptive scheme 
provided for assessing the appropriateness of reference organisms and habitat 
components is provided in Table 5-1.  In general terms, high scores indicate relatively 
high levels of confidence in the approach or parameters involved.  

5.2 Summary of knowledge quality results  

The key issues identified during the scoring process and the comments arising have 
been grouped under the following headings: reference organisms, habitat components; 
concentration ratios; and weighting factors. The comments and discussion points arise 
from both the responses to the knowledge quality assessment questionnaire and from 
discussions at the project workshop.   

5.2.1 Reference organisms 

There was a general acknowledgement, in the questionnaire responses and comments 
received, that the reference organism approach was generally useful for screening 
purposes.  However, some limitations in the approach were noted.  The scores returned 
by questionnaire are illustrated in Figure 5-1 below.  

 

Table 5-1. Example of scoring scheme included in knowledge quality assessment 
questionnaire 
Score Appropriateness (Reference Organism) Appropriateness (Habitat components) 

5 The organism classes are broadly 
representative and the choice of identifying 
types is appropriate, clear and robust. 

The ecosystem components are broadly 
representative and do not limit the scope of 
the determinations or their applicability. 

4 The organism classes are reasonable although 
they omit potentially important species. 

The ecosystem components are limited but 
within the requirements of the determinations 
are appropriate. 

3 The organism classes are reasonable within 
the defined context but limit the extrapolation 
of results to other contexts. 

The ecosystem components are reasonable 
within the defined context but limit the 
extrapolation of results to other contexts. 

2 The organism classes are credible only within 
tightly defined applications. 

The ecosystem components are overly 
simplistic and limit the applicability of results 
even within the required context. 

1 The selection of organism classes and 
representative types is seriously flawed and 
likely to lead to misinterpretation. 

The selection of ecosystem components is 
seriously flawed and likely to lead to 
misinterpretation. 
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Figure 5-1. Appropriateness of Terrestrial Reference Organisms15. 
 

The scores are generally high (> 3), although there are some significant ranges in the 
responses received; the range of responses received for the bird egg and shrub reference 
organisms are particularly marked.   

The scoring for freshwater organisms followed a similar pattern (Figure 5-2), with 
relatively high average scores (of around 4) for most reference organisms.  However, 
some significant ranges of opinion were noticeable for the wading bird, mammal and 
vascular plant.  

                                                      
15 Footnote for Figures 5-1 to 5-11. The points represent the average score while the distribution of 
responses is indicated by the line extending from each point. 
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Figure 5-2. Appropriateness of freshwater reference organisms.  

 

Respondents to the questionnaire also provided comments, from which it is possible to 
identify some of the underlying reasons for the scoring.   

The definition of the individual and specification of the environment were identified as 
issues of potential concern, under circumstances where colony intra-community and 
large amounts of material constitute or affect the environment in which the organisms 
live (e.g. bee hives). Such situations are not taken into account in current assessment 
approaches. 

The lack of consideration of different life-stages (particularly eggs) was noted, where 
the geometry and occupancy may differ significantly from other life stages.  For 
example, the pelagic fish egg may be exposed to gamma emission at sediments. It was 
noted that different life stages have been studied in the context of the biological effects 
analysis, but there may not have been detailed consideration of the differential exposure 
of different life stages.  

For vascular plants, the scoring reflected the fact that exposure is considered from the 
water column only and does not involve a component from sediment.   

A number of additional factors were identified as potentially important, within the 
specific context of a geological facility assessment. Burrowing mammals may be among 
the most exposed organisms.  However, given the anticipated depth of a geological 
facility, direct exposures due to burrowing activities are unlikely to be important in the 
majority of cases, except perhaps when long-lived contamination accumulates in soil 
combined with the effect of particular biota habits (e.g. wintering). Where high 
groundwater levels occur, for instance rising to the rooting zone of trees and other deep 
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rooting plants, capillary rise could lead to soil contamination and deep burrowing 
organisms (badger, fox, rabbit) could become exposed to a greater degree. 

The relatively broad distribution of scores for plants reflects, to some extent, the 
uncertainty about the part of the plant that is relevant for the exposure assessment, and 
which might be most affected by exposure to ionising radiation. The trunk is the 
identified as the relevant part for the tree reference organism in the ERICA assessment 
methodology; however the growing tips of roots and shoots will be the more 
radiosensitive tissues. Roots are also likely to be the most exposed part of a tree for 
subterranean releases. For other plants, the meristem is considered to be the target for 
assessment. It was considered that this difference may give rise to inconsistencies 
between the underlying basis for CR assumptions and the effects analysis in some cases. 

5.2.2 Habitat components 

The comments received indicated a general agreement that the habitat components 
identified were reasonable. The overall scoring for the theoretical understanding of 
habitat components is illustrated in Figure 5-3, which demonstrates that 4 was the most 
frequently assigned score. However, there was some concern that there are insufficient 
components specified for some purposes.   

During discussions at the workshop, it was noted that the ERICA approach does not, at 
present, allow assessments to be undertaken for intermediate zones, such as mires. This 
was considered to be a significant deficiency, in view of the importance of such habitats 
and the complexity of assessing impacts to them. Mires are also characteristic of the 
evolving (landrise) systems representative of the Fennoscandian cases.   

 
Figure 5-3. Scoring of the appropriateness of habitat components.  
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5.2.3 Concentration ratios 

The most common score for theoretical understanding for the concentration ratio 
approach was 3 (Figure 5-4), indicating that the approach was generally considered to 
be reasonable, although some limitations were noted in the detailed comments.  The 
approach was considered to be appropriate, given the level of information available. It 
was also considered to be the only practicable means to cover appropriate range of 
situations. The problems associated with CR arise from extrapolating a limited database 
to wide classes of organisms. Furthermore, the perceived quality of CR is limited by 
their empirical nature and their inability to reflect the dynamic processes are not taken 
into account. 

0

2

4

6

8

10

12

1 2 3 4 5

N
um

be
r r

es
po

ns
es

Score

 
Figure 5-4. Scoring for theoretical understanding of the CR approach. 

 
It was interesting to note that the theoretical understanding of CR, which is based on 
along-established assessment approaches, had been scored consistently lower than 
habitat components (see Figure 5-3), which is a relatively recent convention.  In this 
context, it was noted that CRs are well established and understood for humans, but their 
application to animals and plants is an issue. The relative scoring may be a reflection of 
the level of familiarity with the limitations of the CR approach; ecologists may have 
scored the habitat components differently, especially given the extended timescales 
under consideration.   

It was acknowledged that there is no fundamental problem with the CR approach, 
although there may be cases where it is necessary to go further to take account of 
dynamic mechanistic processes. The assessment of post-closure releases from 
geological disposal facilities is not generally associated with short-term dynamics.  
However, in the Baltic situation, where there is a constantly developing soil horizon, 
equilibrium conditions do not strictly apply.  Furthermore, it was suggested that there 
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may be value in adopting a more dynamic approach for organic carbon.  The transfer of 
carbon-14 is mediated by the air above the soil and dependence on the structure of the 
overhanging canopy. It was noted that ERICA uses specific activity models for deriving 
CRs for C-14. 

Three main problems associated with the application of CRs to non-human biota were 
identified during the course of discussions at the workshop:  

� CRs should ideally be applicable to different life-stages and dynamics of 
organisms within environments (e.g. home range); 

� CR measurements are typically based on convenience rather than the key species 
of interest for non-human biota and physiology may vary substantially; 

� CR values for whole organisms; this is a reasonable approximation for 
radionuclides that are likely to be uniformly distributed, but not for 
radionuclides, such as iodine, which are likely to accumulate, and have an effect, 
on an organ-specific basis.  

The specific problem with deriving CRs for neptunium, which is often a significant 
component of post-closure releases from GDFs, was also discussed. A range of 
analogues have been used in the past. In ERICA, americium is generally used as an 
analogue for neptunium, and this approach is generally assumed to be conservative. 
However, the transfer behaviour of the actinides is highly dependent on the 
environmental/redox conditions.  This leads to problems in applying such data to other 
radionuclides.  

The questionnaire responses on the quality of the concentration ratios for particular 
organisms and radionuclides were presented in a series of radionuclide- and 
environment-specific figures, of the type illustrated below (Figure 5-5).  The full set of 
figures are presented in Appendix C.  

The confidence assigned to concentration ratios for technetium and neptunium in the 
terrestrial environment were very low for virtually all organisms, while the values for 
caesium and lead score relatively highly, as illustrated in Figure 5-5. 

The concentration ratios for the following radionuclides in the freshwater environment 
scored relatively poorly: C-14, Cl-36, Ni-59, Nb-94, Po-210 and Np-237. The scores for 
I-129 varied.  The data for Cs-135 was assigned the highest score, of the radionuclides 
considered. There was a particularly large variation in opinion in the scores assigned to 
Po-210 in pelagic fish (see Figure 5-6). 
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Figure 5-5. Scoring of empirical quality for CR values in the terrestrial environment for 
Cs-135 (above) and Np-237 (below). 
 

 
Figure 5-6. Scoring of empirical quality of CR values in the freshwater environment for 
Po-210. 
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5.2.4 Distribution coefficient (Kd) 

The responses received on the quality of Kd values for particular radionuclides are 
summarised and illustrated in Figure 5-7. The Kds for C-14 and Cl-36 were assigned 
particularly low scores.  In this context, it was noted that it is not clear whether the 
value for C-14 takes account of the different behaviour of inorganic and organic carbon. 
The Kd value for Nb-94 was taken from TRS 422 and has been applied to both marine 
and freshwater environments. This approach is not ideal since these systems would be 
expected have significantly different water chemistry. It is also not clear whether the 
values relate to the total particle content rather than exchangeable component.  

The value of the Kd for Po-210 was also considered to be too high. It was thought that 
this may be due to in-growth of Po-210 from particulate Pb-210, which may not be in 
equilibrium with lead in water. The value for Th-230 was also considered to be too 
high. This may be the result of thorium present as minerals in the experimental data 
from which Kd was derived. 

 

 
Figure 5-7. Summary of questionnaire responses on Kd. 
 

5.2.5 Geometry and dosimetry 

The questionnaire responses demonstrated general agreement with the definition of 
reference organisms, although some elements of subjectivity in the definition of 
particular organisms were noted (see Figure 5-8), particularly related to the geometry 
selection for plants. 

In the ICRP approach, the tree trunk (of a pine tree) is the target for assessment, while 
for grass and the shrub it is the meristem.  Differences between empirical understanding 
and application of exposure and effects data commonly arise. It was also noted that 
current methods allow for the assessment of irradiation from soils and the surrounding 
environment, but do not allow for irradiation of the organism from the same or other 
organisms (e.g. beetles on trees, colony-forming organisms).  
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During the course of discussions at the workshop, it was recognised that there was 
significant uncertainty related to the dosimetry of plants; an ellipsoid shape may not be 
the best description of plants.  Plants tend to be closer to a flat rather than ellipsoid 
shape, and in some cases, a macro-view of the definition of the plant may be more 
appropriate (e.g. consideration of a strand of grass as a slab) in order to consider inter- 
and intra- organism exposure. It is therefore necessary to specify what is being 
calculated and what is being represented (roots etc).  

 

 

 

 
 
Figure 5-8. Scoring for empirical quality (above) and theoretical understanding 
(below) of terrestrial reference organisms. 
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It was suggested that treating grass as a bulk slab may give rise to orders of magnitude 
differences in the estimated dose rates for hard gamma irradiation, which may lead to a 
significant difference in the assessed dose to, for example, a protected wildflower. 
There are difficulties in assessing the absorption of hard gamma arising from soil (e.g. 
from Nb-94) due to dependence on the thickness of canopy. Such differences in the 
assessment of external gamma dose would not alter the screening/benchmark values, 
but could affect the derived doses.  

The value in using surface area to volume ratios was recognised although the implicit 
assumption of uniform distribution of radionuclides within an organism was noted. This 
may not be the case for some radionuclides, for example I-129 and radon. In some 
cases, there may be greater interest in assessing organ doses and dose to gonads (for 
reproduction endpoints (Gomez-Ros et al. 2008).  

The scores for geometry for freshwater organisms were relatively high (see Figure 5-9).  
This is partly the result of the fact that freshwater may be considered as a uni-density 
medium in which organisms are distributed, and issues identified were concerned 
primarily with size rather than shape. There was, however, a broad range of scoring on 
theoretical understanding.  

There was a range of opinion on the need to consider phytoplankton and zooplankton as 
separate entities. The distinction was considered to be valuable theoretically, although 
difficult to maintain due to the lack of data available. It was noted that the range of sizes 
of phytoplankton may be less than for zooplankton, although in both cases the diameter 
and volume can vary from micro to macro scale. In the marine environment, there is a 
need to maintain the distinction.  There are also problems with the definition of the 
individual. Plankton provides an example of the need to model different life-stages and 
occupancies that affect exposure (sessile and mobile stages). 

There were queries about the dimensions specified for the crustacean (possibly small). 
The specification of the vascular plant in terms of its exposure profile (water/sediment) 
was also noted. 

It was noted that the DCC values for benthic fish included in the questionnaire were not 
those specified in the ERICA tool help files thus scores for the empirical quality and 
theoretical understanding for this reference organism should be treated with caution.  
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Figure 5-9. Scoring for empirical quality (above) and theoretical understanding 
(below) of freshwater reference organisms. 

 

5.2.6 Occupancy Factors 

It was noted that the ERICA default factors had been chosen to maximise doses for 
application of the conservative approach underlying Tier 1 in the assessment tool. These 
values may not be appropriate for best-estimate assessments, and it is possible to change 
these values within the ERICA assessment tool. It was also noted that, in some cases, 
the occupancy factors in some environmental media are limited to certain sizes of 
organism (e.g. the burrowing mammal in the soil environment is limited to the 
dimensions of a fox).  There may be cases in which consideration of larger mammals in 
soil may be appropriate (e.g. hibernating bear), although it was acknowledged that, in 
practice, the estimated dose rate would not be very different.   

It was noted that, if an assessment were required in which occupancy factors were 
defined in order to maximise dose, occupancy factors and habitats may need to be 
defined on a radionuclide-specific basis.  Furthermore, for a terrestrial sub-surface 
release, typical for radioactive waste disposal assessments, soil is likely to be the most 
significant source of exposure and occupancies that maximise the exposure to 
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radioactivity in soil will thus maximise doses, rather than the default occupancies that 
may be more appropriate for atmospheric releases.  

There was a significant variation in views on the appropriateness of occupancy factors 
(see Figures 5-10 and 5-11). The need to take account of hibernation (e.g. for 
amphibian) and the need to identify separate occupancy factors for soil and litter layers 
for the woodlouse (detritivorous invertebrate) were noted; in the latter case, this 
distinction is more likely to be an issue for atmospheric releases than those from a 
subterranean source (except where high groundwater levels or transport via plant roots 
results in contaminated near surface soil). The occupancy factor for flying insects on 
soil was also identified as likely to be over-conservative.  However, it was noted that 
current techniques (as employed in the ERICA Tool) will not take account of the 
irradiation between individuals of a colony or from materials used in constructing the 
colonial habitat, e.g. ants nests. 

The assumed location, and the approach taken to assess or average the relevant activity 
concentrations in soil, were also considered and discussed. For example, bees will 
forage over large areas and it is not clear over what area of soil the activity 
concentration should be expressed for derivation or application of a concentration ratio. 
The range of movement or migration of other animals (e.g. wolf or moose) raises 
similar issues; their food sources may be distant and broad or focused in the local area, 
depending on the season. The extent to which the relevant activity concentrations 
maybe assumed to be diluted by this process is unclear.  

With regard to occupancy in the freshwater environment, there may be cases in which 
occupancy on or in sediment may be more conservative than that in the water column. 
This may lead to modifications of the occupancy assumptions from the default, for 
example for the wading bird, mollusc (buried rather than on sediment surface). For 
insect larvae, the relative occupancies in the water column or on sediment surface may 
need to be revised. In the case of the vascular plant, different factors may be appropriate 
for different parts of the plant. These issues are reflected in the scoring (See Figure  
5-11).  
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Figure 5-10. Scoring for occupancy factors in the terrestrial environment. 
 

 

Figure 5-11. Scoring for occupancy factors in the freshwater environment. 
 

5.2.7 Radiation weighting factors 

The move away from the use of absorbed dose (in units of Gy) requires justification and 
the way in which radiation weighting factors for non-human biota are specified requires 
further definition; their values depend upon the organism and endpoint under 
consideration. A Task Group of ICRP Committee 5 is currently considering this issue. 
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The radiation weighting factors for alpha radiation scored consistently lower than for 
low energy beta and beta/gamma radiation (see Figure 5-12).  

For alpha radiation, values from 1 to several hundred could be applicable, depending on 
the endpoint and organism concerned. It has been suggested that biota-specific radiation 
weighting factors of between 5 and 40 for � radiation may be appropriate for 
environmental impact assessments (Brown et al. 2003; Chambers et al. 2006) The 
precise value is widely argued, and a value of 40 recommended by Thompson et al. 
(2003) and Pentreath & Woodhead (2000 and 2001). 

During discussions at the workshop, it was noted that high LET radiation is associated 
with high energy, single-track interactions with biological material, rather than the 
sparse radiation field associated with other forms of radiation. The mechanisms of 
interaction and effect are less well known for many organisms than for mammalian cells 
and for carcinogenesis.  Some factors may apply more or less equally across all 
organisms and endpoints. It was acknowledged that there is clearly a need for a 
weighting factor for alpha radiation, although there was some concern that a clearer 
definition of effects of concern is required. For low energy beta radiation, workshop 
participants were in general agreement with the application of a higher weighting factor 
than that presently applied for humans. This is primarily associated with tritium, for 
which values between 1.2 and 2.3 are consistent with observations of effects, dose 
calculations and the track structure.   

 
Figure 5-12. Scoring for empirical quality and robustness of radiation weighting 
factors. 
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6 RESULTS OF QUALITY ASSESSMENT OF SENSITIVE PARAMETERS   
 

The three test cases suggest that the total dose rate is generally more sensitive to 
changes in CR than to the other assessment with CR for C-14 in an aquatic environment 
and Cl-36, Po-210 and Ra-226, in the terrestrial environment being the key parameters 
leading to variance in total dose rate. The (internal beta gamma) DCC factors for the 
following radionuclides were found to contribute to the variability in the radionuclide-
specific dose rate calculations (although total dose rates were not sensitive to these 
parameters): Cl-36, Ni-59 and Nb-94.  

Concentration ratios have a greater potential to influence the results than Kd due to their 
greater range (3 orders of magnitude in some cases).  

In order to identify those parameters that are both sensitive and uncertain (about which 
experts expressed lack of confidence by low scores), graphs were constructed in which 
the combined knowledge quality assessment score was plotted against the ‘sensitivity 
score’, which was taken to be the first order sensitivity indices (see Section 4).  
Parameters that are both sensitive and uncertain appear in the top left hand corner of the 
figures, (shaded red). Such figures assist in identifying those parameters which have the 
greatest effect on total dose rate estimates and for which there is least confidence. Such 
parameters should be the focus of any further research in order to increase confidence in 
the assessment parameters. 

It is also important to bear in mind that the results are applicable to the particular test 
cases under discussion; different radionuclides may prove to be important if different 
scenarios were chosen.   

6.1 Freshwater test case (Posiva data) 

As demonstrated in Section 4, the sensitivity analysis indicated that the CR for C-14 
was the most key parameter explaining total dose rate variation in the freshwater 
ecosystem test case. Results of the sensitivity analysis and knowledge quality 
assessment are compared in Figure 6-1. 

Results indicate that for all reference organisms, total dose rate is highly sensitive to 
variation in the CR for C-14 and there is low confidence in the CR values assigned, both 
in relation to empirical quality and process description.  

The experts involved in the knowledge quality assessment considered that CR relative 
to water is not appropriate for carbon, but rather a specific activity approach, taking 
account of carbon within the food chain, would be more appropriate.  

The empirical quality of the Kd for C-14 was also scored relatively low by the panel of 
experts. It was generally considered that Kd is inappropriate for C-14 since carbon will 
be present in dissolved organic, dissolved inorganic and particulate organic forms and 
the concept of exchange equilibrium between components does not apply. However, 
since Kd for C-14 does not contribute to the overall variation of the total dose rates, 
further efforts to improve confidence in this parameter may not be warranted.  
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1 Amphibian,   
Bird,   Mammal 

2 Insect larvae 

3 Gastropod 

4 Bivalve    
mollusc,   
Crustacean,   
Pelagic fish,    
Phytoplankton,  
Vascular plant,   
Zooplankton,   
Benthic fish 

 

 

1 Amphibian,    
Bird 

2 Mammal 

3 Insect larvae 

4 Gastropod 

5 Benthic fish 

6 Bivalve    
mollusc,   
Crustacean,   
Pelagic fish,   
Phytoplankton,   
Vascular plant,   
Zooplankton  

Figure 6-1. Sensitivity analysis vs. scores for empirical quality and process description 
for C-14 CR and Kd (empirical quality) in the freshwater ecosystem. 
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6.2 Terrestrial test case (Posiva data) 

Results of the sensitivity analysis identified the CR for Cl-36 as the key parameter 
leading to variation in total dose rate estimates.  

Figure 6-2 indicates that the concentration ratios for the amphibian, bird, bird egg and 
reptile reference organisms for Cl-36 in the terrestrial environment are the most 
sensitive parameters, which also had low scores assigned to them by the experts 
involved in the knowledge quality assessment.  There were particular concerns 
regarding these data, which are based on mammalian values, which are themselves 
derived on the basis of allometric modelling and are thus far removed from the 
organisms under consideration. 

It was suggested during the project workshop that it would be more appropriate in the 
case of Cl-36 to determine a concentration ratio from stable chlorine in the diet and this 
may provide a mechanism for improving confidence in these sensitive assessment 
parameters.   

The small database upon which the concentration ratio for Cl-36 for lichen & bryophyte 
is based was also noted (sample size = 1).  However, it was considered that these 
organisms are more likely to be exposed due to an aerial source than from a 
subterranean source. For flying insects, the CR for detritivorous invertebrate is applied. 
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1 Amphibian, 
Bird, Reptile 

2 Bird egg 

3 Mammal (Deer 
& Rat) 

4 Flying insects 

5Lichen & 
bryophytes 

6 Soil Invertebrate 
(worm) 

7 Tree, Gastropod 

8 Detritivorous 
invertebrate 

9 Grasses & Herbs 

10 Shrub 

 

 

1 Bird egg 

2 Amphibian, 
Bird, Reptile 

3 Flying insects 

4 Mammal (Deer 
& Rat)  

5 Lichen & 
bryophytes 

6 Gastropod 

7 Soil Invertebrate 
(worm) 

8 Detritivorous 
invertebrate 

9 Grasses & 
Herbs, Tree 

10 Shrub  

Figure 6-2. Sensitivity analysis vs. scores for empirical quality and process description 
for Cl-36 CR in the terrestrial environment. 
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6.3 Terrestrial test case (NDA RWMD data) 

The sensitivity analysis identified the CR for Po-210 and Ra-226 as the key parameters 
leading to variation in total dose rate estimates for the NDA RWMD terrestrial test case.  

In the case of Po-210, no concentration ratios appear in the top left hand corner of the 
figure (Figure 6-3), as a consequence of the lesser influence of polonium on total dose 
rate. However the qualitative uncertainty associated with the concentration ratio values 
was high. Experts taking part in the knowledge quality assessment commented that in-
growth of polonium from lead is not taken into account, which accounts in part for the 
low empirical scores obtained. Furthermore, the relevance of data derived for aerial 
deposition was considered to be questionable for underground disposal assessments; the 
source and kinetics of in-growth would be different for soil and aerial interfaces. It was 
also anticipated that there would be variation of CRs for different lifestyles. 

For Ra-226 (Figure 6-4), the CRs for the amphibian, bird, bird egg and reptile reference 
organisms again appeared in the top left hand corner of the diagram. It was noted that 
the quality of the CR for this radionuclide was limited by the fact that accumulation of 
radium would take place within the shell of an organism rather than uniformly. The 
value in considering eggs for organisms other than birds was also noted (e.g. amphibian 
and reptile).  

Radium-226 CR had a greater influence on variation in total dose rate estimates; thus 
results indicate that efforts should be more focused upon improving confidence in these 
parameter, particularly for the amphibian, bird, bird egg and reptile reference 
organisms, than for Po-210. 
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1 Bird, 
Amphibian, Bird 
egg, 
Detritivorous 
invertebrate, 
Gastropod 

2 Reptile 

3 Flying insect 

4  Mammal 
(Deer), Soil 
invertebrate, 
Mammal (Rat) 

5 Lichen & 
bryophyte 

 6 Tree 

7 Shrub 

8 Grasses & Herbs 

 

1 Detritivorous 
invertebrate, 
Gastropod 

2 Bird egg, Flying 
insect, Soil 
invertebrate 
(worm) 

3 Amphibian, 
Reptile 

4 Bird 

5 Lichen & 
bryophyte 

 6 Grasses & 
herbs, Tree 

7 Shrub 

8 Mammal (Deer), 
Mammal (rat) 

Figure 6-3. Sensitivity analysis vs. scores for empirical quality and process description 
for concentration ratios for Po-210 in the terrestrial environment. 
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1  Amphibian, 
Reptile 

2  Flying insect 

3 Bird egg 

4 Soil Invertebrate 
(worm) 

 5 Bird, 
Detritivorous 
invertebrate 

6 Gastropod, 
Mammal (Deer), 
Mammal (Rat) 

7 Grasses & Herbs 

 8 Lichen & 
bryophytes 
Shrub, Tree 

Figure 6-4. Sensitivity analysis vs. scores for empirical quality and process description 
for concentration ratios for Ra-226 in the terrestrial environment. 
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6.4 Kds 
In the sensitivity analysis using test case results, Kds were found to be sensitive for only 
a small number of radionuclides. The Kds for nickel, niobium and iodine were found to 
be sensitive parameters for the assessment of the radionuclide-specific dose rates, not 
for the total dose rate. The Kd for Se-79 may be relevant and may control build up in 
sediment. 

For Po-210, empirical data may reflect exchange equilibria or decay, build up and other 
chemical or mineral processes. It was noted that the Kd for lead in saltwater has also 
been applied to freshwater and it was suggested that it would be more appropriate to use 
natural analogue data for the freshwater environment.  

Freshwater Kds are effectively based on a report from the 1980s and it was noted that 
the Kds in the relevant IAEA report (Technical Reports Series 422) may not be based 
on the nuclide expected.  In more recent reviews, (e.g. in the newly published the 
revised IAEA Technical Reports Series No. 472) different values are recommended, 
although the reasons for the differences are not always clear. 

6.5 Discussion 
In the test cases considered, four parameters were identified as being the most important 
with regards to explaining variance in total dose rate estimates: 

� CR for C-14 in the freshwater ecosystem; 

� CR for Cl-36 in the terrestrial ecosystem (Posiva test case); 

� CR for Po-210 in the terrestrial ecosystem (NDA RWMD test case); and 

� CR for Ra-226 in the terrestrial ecosystem (NDA RWMD test case). 

Qualitative uncertainty was also high for each of these parameters. Therefore, in order 
to improve confidence in assessments, further consideration could be given to obtaining 
improved CR values for these radionuclides, particularly bird, amphibian and reptile 
reference organisms, for which qualitative uncertainties were consistently high. Efforts 
should be focused upon C-14 and Cl-36 for improving confidence in the Posiva test 
cases and upon Ra-226 for the NDA RWMD test case due to the greater influence of 
this radionuclide to total dose rate variance compared with Po-210.  

In the generic sensitivity analysis, CRs for all radionuclides were identified as being 
responsible for the majority of total dose rate variation and for many of these 
radionuclides there is a high degree of qualitative uncertainty, particularly for those 
radionuclides for which empirical data are lacking (e.g. Np-237). However, the need to 
improve confidence in these assessment parameters will vary with the release scenario 
being considered. 
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7 TAKING ACCOUNT OF UNCERTAINTY AND KNOWLEDGE QUALITY 
INFORMATION 
 

The absolute magnitude of doses to non-human biota from GDFs is generally very low. 
However, under certain scenarios, ERICA Tier 1 concentration values may be breached 
(for example, results of an assessment by SKB were in excess of the Tier 1 screening 
value [BIOPROTA 2007]).  

In cases where dose rates are greater than 10 μGy/h, further assessment is required and 
one of the key objectives of this project was to provide information on those parameters 
that would need to be considered in more detail for site-specific assessments in such 
circumstances. Such guidance would help users to enhance the quality of the assessment 
and build greater confidence in the results.   

A GDF is an isolation-based system; if groundwater breeches the facility then it is the 
nature of the geosphere rather than the biosphere which is the primary issue. It is 
feasible for Tier 1 assessments to be exceeded and biota dose assessments may have an 
influence on which form of environment or site would be preferred.  However, it was 
recognised that care should be exercised in applying these data within the overall safety 
case; there may be a range of alternative solutions that give different results depending 
on conditioning within the system or containment of material once released.  

In general terms, in constructing guidance, it is necessary to consider the behaviour of 
the source, features of the generic or specific environment and of radionuclides of 
interest, as a starting point.   

7.1 Scenario definition 
At present, GDF assessment scenarios are primarily driven by human protection 
considerations, for example, land use is commonly assumed be agricultural, thus 
tending to maximise human dose estimates. Such areas are subject to irrigation by 
contaminated groundwater resulting in the contamination of agricultural produce. 
However, other scenarios may be of more relevance to non-human biota.  

Some post-closure release scenarios are based on a sparse fracture system in the 
geological structure, which may result in radionuclides emerging as a point source 
within the biosphere. This raises the question of the size of the area relevant for 
assessment and the associated issue of the range of the organisms considered. The 
spatial scale for averaging needs to be addressed in undertaking assessments.  Under 
Nordic conditions, the need to consider interactions between ecosystems is also 
relevant. 

7.2 Reference organisms and GDF assessments 
The value in considering particular organisms in assessments of GDFs was considered 
in the knowledge quality assessment; burrowing mammals and tree roots were 
particularly noted. In some cases, for example in Finland, there is a requirement to 
consider typical doses. It is therefore necessary to consider which organisms are typical 
for different types of ecosystem. This does not necessarily exclude the need to consider 
the most sensitive organisms, too. 
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The original choice of reference organisms within ERICA was focused on those that 
would be most exposed under different circumstances, largely related to conventional 
release scenarios.  A more systematic approach based on ecosystem structure and 
trophic levels may be preferable to provide a better basis for considering interactions 
within systems. However, there were doubts about whether such a systematic approach 
would significantly improve the situation.  An IUR group on radioecology and waste 
will be reviewing the approach, based on consideration of how radionuclides move 
within a system.  Nonetheless, in order to improve confidence in the assessment 
approach for GDFs, there may be merit in considering a range of terrestrial organisms 
that would be envisaged to be maximally exposed as a result of subterranean releases. 
Such organisms would include organisms that burrow within the soil both as a factor of 
daily life and seasonally (e.g. hibernating organisms). Amendment of the tree reference 
organism may also be warranted for GDF assessments to take account of exposure of 
root tissues which are likely to be both maximally exposed and most sensitive.  

For the freshwater ecosystem, the range of default reference organisms is largely 
applicable (although consideration should be given to particular sites of interest to 
ensure that important species are represented). Alteration of occupancy factors may be 
warranted however to ensure that the behaviour of reference organisms is ecologically 
realistic. 

7.3 Application of concentration ratios 

In moving from a generic to a site-specific context, it is important to consider the extent 
to which an improvement in CR data can or should be addressed generically or at a site- 
specific level.  Many CRs are related to agricultural environments and mineral soils; 
information on organic soils and for natural and semi-natural environments are more 
scarce and thus more uncertain, although this depends on the radionuclide (Cs and Sr 
may be exceptions).  In many cases, the soil type to which CRs relate are undefined. In 
boreal areas (e.g. Finland and Sweden), the loamy soils common in other areas, on 
which much of the data in standard literature is based, are non-representative due to 
glacial cycles.   

The soil type is likely to be an important feature in defining the site-specific context. 
The soil properties that need to be defined include the redox conditions for key 
radionuclides (notably selenium, technetium and iodine) and the extent to which 
transfer of the radionuclides is mediated by groundwater. The soil type will also 
influence the organisms present; Posiva has undertaken work to correlate and develop 
CRs for different areas around Olkiluoto, the Finnish disposal site for high level waste, 
on the basis of the types of plant growing on different types of soil (Aro et al. 2009). 
The time period for which such assumptions may be considered to be valid depends on 
the assessment context and on reliability of forecasts on future conditions. 

The value of multiple lines of reasoning to derive concentration ratios and reduce 
uncertainty was acknowledged during the project workshop, including consideration of 
stable analogues.  While the CR quadrant figures (presented in Section 6) are a useful 
basis for prioritising further work, it is important to bear in mind that the release 
scenarios considered were illustrative only. It is interesting to note that many of the 
same radionuclides appear to be important as for the human assessment: iodine-129, 
selenium-79, technetium-99, caesium-135 and carbon-14.  
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The concentration ratios for certain organism types consistently scored low in the 
knowledge quality assessments (e.g. reptiles). The further development of approaches to 
gain more confidence in the methods used to apply data from one organism to another 
would be highly beneficial.   

In moving from generic to a site-specific context, it is also important to bear in mind 
that generic data may often constitute the best choice, owing to the very large inherent 
variability in transfer parameters, which a few site-specific measurements may not 
encapsulate (Sheppard 2005). Site conditions are also likely to change over the long 
time scales considered in post closure assessments thus use of data derived in present 
day conditions may not be applicable to site conditions in tens of thousands of years 
time. Use of generic data from wide ranging environmental conditions may help 
encompass potential future conditions. 

Some detailed points associated with the radionuclides identified as both sensitive and 
uncertain were also identified, which may be useful to keep in mind in developing 
guidance further. 

The quality of information available for particular key radionuclides was identified, as 
follows: 

7.3.1 Carbon-14 

For freshwater, all organisms appear in top left hand corner of the quadrant diagram. 
The specific activity model, rather than the CR approach, was considered appropriate. 

7.3.2 Chlorine-36 

There is, at present, a lack of sufficient information for the following organisms: 
amphibian, bird egg, reptile, mammal, flying insect and lichen & bryophyte. However, 
the chlorine content of organisms is generally well defined; uncertainty relates to 
concentrations in the surroundings. The level of uncertainty could be reduced by 
application of site-specific data, in certain cases.  

For grasses, the uptake of chlorine to the plant is related to soil moisture content and 
may be related to stable chlorine concentrations.  Uncertainty may be reduced by 
analysis of individual experiments to determine their applicability and the relationship 
between kinetic and empirical field data.   

It was also noted that organic chlorine is a major reservoir of chlorine in soil but that 
these levels may not determine uptake. In considering evolving systems, such as in the 
Baltic, it may be necessary to consider CRs and Kds as time and object dependent. 

It is possible that chlorine levels are maintained at a particular (homeostatic) level, in 
which case the CR approach would not be strictly appropriate.  In the marine and 
estuarine environments, the external chlorine environment may fluctuate strongly and 
halophytes may have mechanisms for dealing with particularly high levels. 

7.3.3 Polonium-210 

There is a need to consider Po-210, despite the apparent lack of sensitivity of the results. 
The impact of polonium in-growth from lead-210 should also be considered.  It was also 
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noted that where timescales are comparable with, or longer than, the lifetime of an 
organism, equilibrium assumptions may not apply.  

7.3.4 Radium-226 

The CRs for this nuclide for the amphibian, reptile, flying insects, soil invertebrate and 
detritivorous invertebrate reference organisms all appear in the sensitive quadrant. It 
was noted that radium would be expected to behave like calcium such that complex 
processes might be expected, depending on the way in which calcium is distributed 
within different organisms.  

Empirical data are available for six of the reference organisms and it was considered 
that the differences between organisms were perhaps artificially narrow, possibly due to 
artificial constraints placed on the range of concentration ratios. Furthermore, for 
radium, the value chosen for the bird egg appears to be derived from the application of 
an incorrect analogue. It would seem more appropriate to use calcium and strontium 
data for accumulation in the shell, rather than the application of data for the soft-tissue 
component of birds. 

7.4 Kd values 
There are cases where the Kd values chosen for use in the ERICA tool appear to be 
inappropriate, specifically for thorium and polonium where the empirical values are not 
related to the process being studied. These may be reasonable when assessing impacts 
in an area of enhanced natural levels, such as assessing impacts of a uranium mine.  

More recent data, published by the IAEA (Technical Reports Series 472) may be more 
appropriate. 

7.5 Application of Screening Criteria 
There are concerns that, by having a single low screening value, such as the 10 μGy/h 
screening value derived during the ERICA and PROTECT projects, that non-human 
biota assessments could become the limiting factor in post closure assessments. The 
general opinion was expressed that screening values and assessment approaches should 
be appropriate and not more conservative than dose assessment approaches for humans, 
although the need for a conservative basis for any screening level was recognised.   

Phytoplankton are often the limiting organism with regard to dose rates to non-human 
biota, particularly when alpha emitters are included in the assessment (e.g. Np-237). 
However, it is questionable as to whether alpha radiation is of any importance for single 
celled proliferative organisms (disintegration times are likely to be longer than the 
lifetime of an individual). Phytoplankton also go through ‘boom and bust’ cycles and it 
was therefore considered most appropriate to consider impacts from radiation upon the 
bust cycle – it is not clear whether the added stress would have an effect on the ability 
of the population to recover. Given that phytoplankton are often the limiting organism it 
was suggested that specific research could be proposed that would help address some of 
the data gaps and uncertainties in dose calculations for this reference organism. An 
alternative approach would be to derive organism-group specific benchmarks. 
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7.5.1 Spatial averaging 

Concern was raised over the potential for activity concentrations at point source releases 
to be used in assessments without appropriate spatial averaging to take account of the 
range of organisms. The issue is whether one high concentration patch is a significant 
issue for the protection of populations. One option would be to run the assessment based 
on the high concentrations, but to explain results in context; this is in effect a form of 
tiered assessment.  

Impacts from GDFs can be on a much smaller scale than the footprint of the repository 
itself, as releases may occur from isolated fracture points. As a result, it is unclear 
whether the repository footprint should be used as a basis for spatial averaging. For 
example, if it is considered acceptable for impacts to occur over a construction area (e.g. 
laying of concrete) then perhaps this ‘acceptable area’ could be used to average non-
human biota impacts. An alternative, which gained a wider acceptance, was to consider 
the resource area that would be required to support a population (which is analogous to 
the approach used in Sweden and Finland for humans). Consideration could also be 
given to sustainable breeding populations of different organisms to determine spatial 
scale. However, this may be relatively easy for mobile biota, but for immobile 
organisms (e.g. plants) it is difficult to determine the percentage of an area that may be 
harmed before population effects occur. A particular example of freshwater springs in 
the crystalline bedrock areas was highlighted during the project workshop, where these 
are possible focused exit points for groundwater to the biosphere. What determines a 
population of plants with regard to the occurrence of such springs and how the 
population would be affected? 

7.5.2 Multiple stressors 

The method used to derive a screening value in both PROTECT and ERICA is based 
solely on impacts arising from radiation exposure and some concern was raised that 
these data are laboratory derived and do not therefore take into account the combined 
effects with other stressors in the environment. Nonetheless, this approach is consistent 
with that applied for chemical contaminants.  

There is also the issue that, due to the long timescales for which assessments are 
undertaken, it would be difficult to predict what additional stressors may be present, at 
some time in the far future - it would be unreasonable for GDF operators to be held 
accountable for what others may be doing to the environment. 

Most effects studies are undertaken under laboratory conditions. Under such conditions, 
additional stressors are minimised to ensure that any effect from a stressor of interest 
(i.e. ionising radiation) can be detected and that cause-effect linkages can be clearly 
made. Under these conditions there is the risk that the potential impact of a given dose 
rate may be artificially altered from that in field conditions – for example, it is 
recognised that the life expectancy of biota held within laboratory conditions is greatly 
altered from that in the field due to the removal of multiple stressors.  

Stress is a natural phenomenon and helps determine where different species occur and 
also drives adaptation and evolution. The adaptation and selection of organisms in 
response to stress is likely to have an impact on biodiversity.  
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7.5.3 Sensitive species 

Concern was raised that, due to the SSD method used to derive the PROTECT and 
ERICA screening levels, sensitive (i.e. endangered) species may not be sufficiently 
protected (e.g. they could fall within the 5 % of species that may be impacted to a 10 % 
effect level and that this 10 % effect on an already stressed population may be 
detrimental). One issue in assessing impacts on endangered species in this context is, 
however, that if a population is sufficiently stressed/impacted under present conditions, 
it is likely that, over the timescales of interest to a GDF assessment, the population 
would either be extinct or its endangered status would have been removed (the 
population would have recovered). Individuals within an area of particular stress would 
be expected, over time, to either adapt to the stress or to migrate to an alternative, 
tolerable stress area. It is acknowledged that it is likely that alternative endangered 
species would be present. However, it is not possible to predict which species would be 
classed as endangered in thousands of years time. The way in which endangered species 
are considered as part of GDF assessments will be subject to regulatory and legal 
requirements.  

It was noted that there is a need to distinguish between radio-ecologically sensitive and 
radiologically sensitive – some organisms will be exposed to a greater extent due to 
their habits (and are radio-ecologically sensitive), but these are not necessarily the ones 
that would be impacted as a result, if they are not also radiosensitive. 

It was considered that further thought should be given to whether keystone species 
would be impacted to a greater extent if bio-forms of radionuclides were present. 
Radionuclides are often bio-excluded; thus organisms at the bottom of food chains are 
often the most exposed. However, should organic forms of radionuclides be present, this 
could result in biomagnification such that those organisms at the top of the food chain 
may be maximally exposed. The focus of biomagnification studies should be on 
predatory mammals, birds and piscivorous fish. 

7.6 Other assessment considerations 

7.6.1 Typical doses 

In Finland there is a regulatory requirement to calculate ‘typical doses’ and what this 
represents in practice was questioned. For example, what would be an appropriate level 
of conservatism? One option considered would be to consider the average organism 
behaviour rather than extreme habits (e.g. not maximising occupancy and application of 
average CR values). 

It was noted that the occupancies for the following organisms would be likely to be 
sensitive parameters: flying insect, shrub/tree, benthic fish, crustacean and pelagic fish.  

Within the existing ERICA database it is acknowledged that there is a great deal of 
variability in CR values, even where empirical data are available, and that increasing the 
database could serve to increase data ranges. There is therefore a need to understand 
what drives the ranges so that informed judgement can be made as to which value 
should be applied under different scenarios. If the factors that drive differences in 
concentration ratios are more fully understood, it may also be possible to target site 
characterisation studies. 
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7.6.2 Reference biospheres 

The IAEA reference biospheres methodology (IAEA 2003) was developed to provide a 
common approach to determining all the assessment assumptions in the biosphere part 
of a safety assessment for a GDF. The methodology recognises the potential need to 
consider impacts on NHB, but the common application of the approach has focussed on 
impacts on humans. It was noted that there may be merit in reviewing the reference 
biosphere methodology in relation to non-human biota assessments to determine 
whether it is directly applicable or whether modifications would be beneficial in 
enabling a standard approach to be adopted that would allow for international 
assessment comparisons. Such a development may not be appropriate for site-specific 
assessments, but may be beneficial for more generic studies.   

   
 



 88  
 

 

 



 89  
 

8 CONCLUSIONS AND RECOMMENDATIONS 

In general, the predicted dose rates arising from GDF releases are insignificant and 
below the biota dose rate screening levels currently under discussion.  However, there 
are significant uncertainties associated with some elements of these assessments and, in 
situations in which uncertainties are accounted for by multiple conservatisms, it is 
possible that screening levels could be exceeded.  In such circumstances, additional 
assessments would be required and it is necessary to determine the appropriate level of 
response and the extent to which site-specific studies are called for.   

The use of the reference organism approach for assessing impacts of radioactive 
releases from GDFs was generally supported by the experts taking part in the 
knowledge quality assessment; the basic elements of this approach (incorporated within 
the ERICA approach) scored relatively highly.  However, some specific issues were 
identified as being of particular importance for GDF assessments, associated with the 
subterranean nature of the source, the complex time series of releases and the long time 
scales over which releases occur.   

The subterranean nature of the source, with releases mediated through the action of 
groundwater, mean that different organisms may receive the highest exposure than 
would arise from an aerial release.  For example, burrowing animals may be of 
particular relevance.  Furthermore, different parts of organisms may receive the highest 
exposure; for example the roots of a tree may be both the most exposed and the most 
radio-sensitive parts, although this is not reflected in standard dosimetry (ellipsoid 
geometry) or effects data. Further consideration may therefore be warranted as to 
defining a set of reference organisms that are representative of those that are most likely 
to be maximally exposed as a result of releases from a GDF. 

The complex and long time series of releases pose practical assessment problems in 
identifying the nature of the ecosystem and of organisms within it and the period for 
which assumptions regarding these characteristics remain valid.   

The use of maximum radionuclide concentrations, in time and space, as employed in the 
test cases described in this report, has merit for initial screening exercises. However, for 
more detailed assessments, actual time series data would be required for which 
assessments using the ERICA assessment tool would be time consuming. Further 
development of the assessment approach to enable time-series data to be assessed would 
be beneficial for post-closure assessments.   

Environmental transfer assumptions – more particularly the specification and 
application of concentration ratios – were found to be the most sensitive parameters in 
the sensitivity analysis of the biota dose assessment approach (the assessment which 
links environmental concentrations with dose rates to non-human biota).  There were 
reservations about the CR approach in general, due to the fact that these ratios are 
empirically based and do not reflect the underlying dynamic environmental 
mechanisms. However, it was also recognised that, in practice, there is little alternative 
than to use this approach.  The CR values for some reference organisms and some long-
lived radionuclides were identified as being both sensitive and qualitatively uncertain 
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(assigned low scores by experts); notably for a range of reference organisms for Cl-36, 
Po-210 and Ra-226. 

The quality of CRs may be improved by being derived for the particular transfer process 
of relevance and for the particular environment of interest (e.g. soil chemistry).  The 
fact that CRs, and other factors, are unlikely to be representative of interface ecosystems 
(e.g. mires and estuaries) is of particular relevance to some assessments. In developing 
more situation-specific CRs, the value of using multiple approaches was recognised as a 
method for derivation and validation.  For some of the key radionuclides of interest, the 
potential value of stable element studies was identified, including C-14 and Cl-36.  For 
Ra-226 and Np-237, the use of analogues that are more chemically similar was 
recommended.  

It is useful to be able to demonstrate the extent to which changes in input factors affect 
the results to improve confidence, to prioritise further work and for presentation to 
stakeholders.  This analysis suggests that further work to improve the quality of the 
database of transfer parameters for C-14, Cl-36, Po-210, Ra-226 and Np-237 would be 
warranted, particularly with regard to reference organisms within the lower trophic 
levels. 

There would also be value in developing further guidance on the application of 
screening levels, and the actions necessary if they are exceeded. 

There may also be merit in reviewing the reference biosphere methodology in relation 
to non-human biota assessments to determine whether it is directly applicable or 
whether modifications would be beneficial in enabling a standard approach to be 
adopted that would allow for international assessment comparisons. As noted 
previously, such a development may not be appropriate for site-specific assessments, 
but may be beneficial for more generic studies.   
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APPENDIX A DATA ANALYSIS – INPUT DATA FOR THE SENSITIVITY 
STUDY 

Input data for the quantitative sensitivity analysis conducted within Eikos are provided 
below for the three test cases undertaken. Where appropriate, recommended values, data 
ranges and distribution parameters are provided. Additional data relating to default 
parameters within the ERICA assessment approach are given in Section 3 of the main 
report.  

 

 

A1.   Terrestrial concentration ratios (Bq kg-1 (f.w.) per Bq kg-1 soil (d.w.) 
 or Bq m-3 air for C-14) 

 
Table A-1. Carbon-14. 

Reference Organism Value Min Max Distribution16 
Amphibian 1340 exp(1340.0) 
Bird 1340 exp(1340.0) 
Bird egg 890 exp(890.0) 
Detritivorous invertebrate 430 exp(430.0) 
Flying insects 430 exp(430.0) 
Gastropod 430 exp(430.0) 
Grasses & Herbs 890 exp(890.0) 
Lichen & bryophytes 890 exp(890.0) 
Mammal (Deer) 1340 exp(1340.0) 
Mammal (Rat) 1340 exp(1340.0) 
Reptile 1340 exp(1340.0) 
Shrub 890 exp(890.0) 
Soil Invertebrate (worm) 430 exp(430.0) 
Tree 1300 exp(1300.0) 

 

                                                      
16 Distribution information is expressed as either:  

� Exp(x) which equates to an exponential distribution with a peak at value of x; 
� logn(a,b,c) which equates to a lognormal distribution around parameters a, b and c; or 
� Unif (y,z) which indicates a uniform distribution around parameters y and z. 
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Table A-2. Chlorine-36. 

Reference Organism Value Min Max Distribution 
Amphibian 7 exp(7.0) 
Bird 7 exp(7.0) 
Bird egg 7 exp(7.0) 
Detritivorous invertebrate 0.30 0.25 0.39 logn(0.304,0.12,0.0) 
Flying insects 0.30 exp(0.304) 
Gastropod 0.17 0.15 0.20 logn(0.166,0.1049,0.0) 
Grasses & Herbs 17.1 0.019 52.2 logn(17.08,16.3465,0.0) 
Lichen & bryophytes 0.96 0.96 0.96 exp(0.964) 
Mammal (Deer) 7 exp(7.0) 
Mammal (Rat) 7 exp(7.0) 
Reptile 7 exp(7.0) 
Shrub 1.04 0.32 10.17 logn(1.037,2.0579,0.0) 
Soil Invertebrate (worm) 0.18 0.17 0.20 logn(0.178,0.0597,0.0) 
Tree 1.42 0.26 3.91 logn(1.417,1.192,0.0) 

 
 
Table A-3. Caesium-135. 

Reference Organism Value Min Max Distribution 
Amphibian 0.54 0.017 2.1 logn(0.5369,0.897,0.0) 
Bird 0.75 0.0014 16.2 logn(0.75,1.65,0.0) 
Bird egg 0.03 logn(0.03,0.066,0.0) 
Detritivorous invertebrate 0.13 0.0005 1.56 logn(0.134,0.556,0.0) 
Flying insects 0.06 0.0003 1.66 logn(0.055,0.219,0.0) 
Gastropod 0.04 0.01 0.11 logn(0.0427,0.02889,0.0) 
Grasses & Herbs 0.69 0.007 2.9 logn(0.693,1.083,0.0) 
Lichen & bryophytes 5.60 0.083 14.7 logn(5.60,4.136,0.0) 
Mammal (Deer) 2.874 0.014 136.5 logn(2.874,4.25,0.0) 
Mammal (Rat) 2.874 0.014 136.5 logn(2.874,4.25,0.0) 
Reptile 3.59 0.055 28.1 logn(3.59,9.91,0.0) 
Shrub 3.97 0.005 15.87 logn(3.972,4.777,0.0) 
Soil Invertebrate (worm) 0.089 0.003 0.693 logn(0.089,0.16,0.0) 
Tree 0.163 0.001 1.34 logn(0.163,0.25,0.0) 
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Table A-4. Iodine-129. 

Reference Organism Value Min Max Distribution 
Amphibian 0.4 exp(0.4) 
Bird 0.4 exp(0.4) 
Bird egg 160 exp(160.0) 
Detritivorous invertebrate 0.30 0.23 0.48 logn(0.301,0.13,0.0) 
Flying insects 0.30 exp(0.301) 
Gastropod 0.18 0.15 0.22 logn(0.18,0.0565,0.0) 
Grasses & Herbs 0.14 0.14 0.14 logn(0.14,0.34,0.0) 
Lichen & bryophytes 0.36 exp(0.36) 
Mammal (Deer) 0.4 exp(0.4) 
Mammal (Rat) 0.4 exp(0.4) 
Reptile 0.4 exp(0.4) 
Shrub 0.14 exp(0.14) 
Soil Invertebrate (worm) 0.16 0.15 0.16 logn(0.156,0.067,0.0) 
Tree 0.14 exp(0.14) 

 
 
Table A-5. Niobium-94. 

Reference organism Value Min Max Distribution 
Amphibian 0.19 exp(0.19) 
Bird 0.19 exp(0.19) 
Bird egg 0.57 exp(0.571) 
Detritivorous invertebrate 0.0005 exp(5.0495E-4) 
Flying insects 0.0005 exp(5.0495E-4) 
Gastropod 0.0005 exp(5.0495E-4) 
Grasses & Herbs 0.043 exp(0.0425) 
Lichen & bryophytes 0.016 exp(0.0162) 
Mammal (Deer) 0.19 exp(0.19) 
Mammal (Rat) 0.19 exp(0.19) 
Reptile 0.19 exp(0.19) 
Shrub 0.034 exp(0.034) 
Soil Invertebrate (worm) 0.0005 0.0005 0.0005 exp(5.0495E-4) 
Tree 0.034 exp(0.034) 

 
 



 96  
 

Table A-6. Nickel-59. 

Reference organism Value Min Max Distribution 
Amphibian 0.07 exp(0.07) 
Bird 0.07 exp(0.07) 
Bird egg 0.07 exp(0.07) 
Detritivorous invertebrate 0.009 0.009 0.009 exp(0.00855) 
Flying insects 0.009 0.009 0.009 exp(0.00855) 
Gastropod 0.02 0.02 0.02 logn(0.01779,0.01,0.0) 
Grasses & Herbs 0.19 0.19 0.19 logn(0.1875,0.675,0.0) 
Lichen & bryophytes 0.09 exp(0.0864) 
Mammal (Deer) 0.07 0.0014 0.14 logn(0.07,0.099,0.0) 
Mammal (Rat) 0.07 0.0014 0.14 logn(0.07,0.099,0.0) 
Reptile 0.07 exp(0.07) 
Shrub 0.03 0.034 0.034 logn(0.03,0.07,0.0) 
Soil Invertebrate (worm) 0.07 0.006 0.316 logn(0.065,0.068,0.0) 
Tree 0.02 0.013 0.021 logn(0.018,0.004,0.0) 

 
 
Table A-7. Neptunium-237. 

Reference organism Value Min Max Distribution 
Amphibian 0.041 exp(0.04) 
Bird 0.041 exp(0.04) 
Bird egg 0.041 exp(0.04) 
Detritivorous invertebrate 0.101 exp(0.10) 
Flying insects 0.127 exp(0.1269) 
Gastropod 0.199 exp(0.1985) 
Grasses & Herbs 0.017 exp(0.01725) 
Lichen & bryophytes 0.103 exp(0.103) 
Mammal (Deer) 0.041 exp(0.040) 
Mammal (Rat) 0.041 exp(0.040) 
Reptile 0.041 exp(0.040) 
Shrub 0.311 logn(0.31,4.07,0.0) 
Soil Invertebrate (worm) 0.100 exp(0.0999) 
Tree 0.311 exp(0.31) 
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Table A-8. Lead-210. 

Reference organism Value Min Max Distribution 
Amphibian 0.12 0.00 0.28 logn(0.1198,0.5199,0.0) 
Bird 0.06 0.06 0.06 logn(0.0615,0.173,0.0) 
Bird egg 0.06 exp(0.0615) 
Detritivorous invertebrate 0.75 0.01 1.01 logn(0.75,0.406,0.0) 
Flying insects 0.06 0.04 0.06 logn(0.061,0.013,0.0) 
Gastropod 0.01 0.001 0.04 logn(0.0073,0.0129,0.0) 
Grasses & Herbs 0.07 0.045 0.11 logn(0.0665,0.2162,0.0) 
Lichen & bryophytes 6.00 2.18 44.6 logn(5.997,4.55,0.0) 
Mammal (Deer) 0.04 0.0004 0.20 logn(0.0388,0.0357,0.0) 
Mammal (Rat) 0.04 0.0004 0.20 logn(0.0388,0.0357,0.0) 
Reptile 0.06 exp(0.0615) 
Shrub 0.31 0.001 1.93 logn(0.3077,0.5288,0.0) 
Soil Invertebrate (worm) 0.03 0.002 0.16 logn(0.028,0.044,0.0) 
Tree 0.08 0.007 0.58 logn(0.0759,0.11,0.0) 

 
 
Table A-9. Polonium-210. 

Reference organism Value Min Max Distribution 
Amphibian 0.0028 exp(0.00278) 
Bird 0.0028 exp(0.00278) 
Bird egg 0.0028 exp(0.00278) 
Detritivorous invertebrate 0.0028 exp(0.00278) 
Flying insects 0.0028 exp(0.00278) 
Gastropod 0.0028 exp(0.00278) 
Grasses & Herbs 0.12 0.02 0.39 logn(0.124,0.32,0.0) 
Lichen & bryophytes 6.28 2.18 10.12 logn(6.28,3.39,0.0) 
Mammal (Deer) 0.0028 0.0002 0.0075 logn(0.00278,0.001,0.0) 
Mammal (Rat) 0.0028 0.0002 0.0075 logn(0.00278,0.001,0.0) 
Reptile 0.0028 exp(0.00278) 
Shrub 0.0985 0.0019 0.13 logn(0.0985,0.0615,0.0) 
Soil Invertebrate (worm) 0.0028 exp(0.00278) 
Tree 0.0384 0.013 0.06 logn(0.038,0.022,0.0) 

 
 

 
 



 98  
 

Table A-10. Radium-226. 

Reference organism Value Min Max Distribution 
Amphibian 0.036 exp(0.036) 
Bird 0.036 0.002 0.195 exp(0.036) 
Bird egg 0.036 exp(0.036) 
Detritivorous invertebrate 0.09 exp(0.09) 
Flying insects 0.09 exp(0.09) 
Gastropod 0.048 0.025 0.139 logn(0.048,0.048,0.0) 
Grasses & Herbs 0.039 0.025 0.048 logn(0.039,0.052,0.0) 
Lichen & bryophytes 0.212 0.173 0.489 logn(0.212,0.059,0.0) 
Mammal (Deer) 0.02651 0.00006 0.19527 logn(0.0265,0.034,0.0) 
Mammal (Rat) 0.027 0.0001 0.195 logn(0.0265,0.034,0.0) 
Reptile 0.036 exp(0.036) 
Shrub 0.024 0.024 0.764 logn(0.024,0.009,0.0) 
Soil Invertebrate (worm) 0.090 exp(0.09) 
Tree 0.001 0.0001 0.002 logn(6.75E-4,7.52E-4,0.0) 

 
 
 
Table A-11. Selenium-79. 

Reference organism Value Min Max Distribution 
Amphibian 0.06 exp(0.063) 
Bird 0.06 exp(0.063) 
Bird egg 0.06 exp(0.063) 
Detritivorous invertebrate 1.48 exp(1.479) 
Flying insects 1.48 exp(1.479) 
Gastropod 0.03 0.02 0.07 logn(0.035,0.031,0.0) 
Grasses & Herbs 0.56 0.56 0.56 logn(0.56,2.175,0.0) 
Lichen & bryophytes 20.0 exp(20.0) 
Mammal (Deer) 0.06 0.06 0.06 logn(0.063,0.38,0.0) 
Mammal (Rat) 0.06 0.06 0.06 logn(0.063,0.38,0.0) 
Reptile 0.06 exp(0.063) 
Shrub 1.81 1.14 2.55 logn(1.81,1.395,0.0) 
Soil Invertebrate (worm) 1.48 exp(1.479) 
Tree 1.81 exp(1.806) 
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Table A-12. Technetium-99. 

Reference organism Value Min Max Distribution 
Amphibian 0.57 0.2 0.949 logn(0.5745,0.53,0.0) 
Bird 0.27 exp(0.27) 
Bird egg 27 exp(27.0) 
Detritivorous invertebrate 0.37 exp(0.37) 
Flying insects 0.37 exp(0.37) 
Gastropod 0.37 exp(0.37) 
Grasses & Herbs 20.01 20.01 20.01 logn(20.008,12.78,0.0) 
Lichen & bryophytes 20.01 exp(20.01) 
Mammal (Deer) 0.37 exp(0.37) 
Mammal (Rat) 0.37 exp(0.37) 
Reptile 0.37 exp(0.37) 
Shrub 20.01 exp(20.01) 
Soil Invertebrate (worm) 0.37 exp(0.37) 
Tree 0.27 exp(0.27) 

 
 
 
 
Table A-13. Thorium-230. 

Reference organism Value Min Max Distribution 
Amphibian 0.0004 exp(3.888E-4) 
Bird 0.0004 0.0003 0.0005 exp(3.888E-4) 
Bird egg 0.0004 exp(3.888E-4) 
Detritivorous invertebrate 0.009 exp(0.00884) 
Flying insects 0.009 exp(0.00884) 
Gastropod 0.009 exp(0.00884) 
Grasses & Herbs 0.04 0.015 0.058 logn(0.0437,0.0740,0.0) 
Lichen & bryophytes 0.10 0.058 0.222 logn(0.103,0.0699,0.0) 
Mammal (Deer) 0.0001 0.00001 0.00064 logn(1.22E-4,1.77E-4,0.0) 
Mammal (Rat) 0.0001 0.00001 0.00064 logn(1.22E-4,1.77E-4,0.0) 
Reptile 0.0004 exp(3.89E-4) 
Shrub 0.016 0.002 0.028 exp(0.016) 
Soil Invertebrate (worm) 0.0088 exp(0.0088) 
Tree 0.0011 0.00001 0.0031 logn(0.001,0.001,0.0) 
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Table A-14. Uranium-238. 

Reference organism Value Min Max Distribution 
Amphibian 0.0005 exp(4.98E-4) 
Bird 0.0005 0.0004 0.0007 exp(5.41E-4) 
Bird egg 0.0005 exp(5.41E-4) 
Detritivorous invertebrate 0.0088 exp(0.00884) 
Flying insects 0.0088 exp(0.00884) 
Gastropod 0.0088 exp(0.00884) 
Grasses & Herbs 0.015 0.002 0.067 logn(0.01455,0.0438,0.0) 
Lichen & bryophytes 0.071 exp(0.07) 
Mammal (Deer) 0.0001 0.00002 0.00020 logn(1.063E-4,1.285E-4,0.0) 
Mammal (Rat) 0.0001 0.00002 0.00020 logn(1.063E-4,1.285E-4,0.0) 
Reptile 0.0005 exp(4.983E-4) 
Shrub 0.0071 0.00001 0.075 logn(0.007,0.0144,0.0) 
Soil Invertebrate (worm) 0.0088 0.009 0.009 exp(0.00884) 
Tree 0.0068 0.00001 0.031 logn(0.00679,0.0141,0.0) 
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A2.  Freshwater concentration ratios (Bq kg-1 (f.w.) per Bq L-1) 

Table A-15. Carbon-14. 

 Reference organism Value Min Max Distribution 
Amphibian 7300   exp(7300.0) 
Benthic fish 4600   exp(4600.0) 
Bird 7300   exp(7300.0) 
Bivalve mollusc 7300   exp(7300.0) 
Crustacean 7300   exp(7300.0) 
Gastropod 7300   exp(7300.0) 
Insect larvae 7300   exp(7300.0) 
Mammal 7300   exp(7300.0) 
Pelagic fish 4600   exp(4600.0) 
Phytoplankton 1800   exp(1800.0) 
Vascular plant 4600   exp(4600.0) 
Zooplankton 4000   exp(4000.0) 

 
Table A-16. Chlorine-36. 

 Reference organism Value Min Max Distribution 
Amphibian 82     exp(82.0) 
Benthic fish 82 50 125 logn(82.0,34.0,0.0) 
Bird 82     exp(82.0) 
Bivalve mollusc 50     exp(50.0) 
Crustacean 50     exp(50.0) 
Gastropod 50     exp(50.0) 
Insect larvae 50     exp(50.0) 
Mammal 82     exp(82.0) 
Pelagic fish 82     exp(82.0) 
Phytoplankton 360     exp(360.0) 
Vascular plant 360 50 750 logn(360.0,270.0,0.0) 
Zooplankton 360     exp(360.0) 

 
Table A-17. Caesium-135. 

 Reference organism Value Min Max Distribution 
Amphibian 9300 8000 10000 logn(9300.0,1200.0,0.0) 
Benthic fish 6300 86 29000 logn(6300.0,8700.0,0.0) 
Bird 3000     exp(3000.0) 
Bivalve mollusc 460 14 2200 logn(460.0,590.0,0.0) 
Crustacean 10400 240 22000 logn(10400.0,11000.0,0.0) 
Gastropod 2800 160 5700 logn(2800.0,3300.0,0.0) 
Insect larvae 10400     exp(10400.0) 
Mammal 9300     exp(9300.0) 
Pelagic fish 7100 47 19000 logn(7100.0,6000.0,0.0) 
Phytoplankton 4700 1000 25000 logn(4700.0,6500.0,0.0) 
Vascular plant 1160 50 2400 logn(1160.0,1760.0,0.0) 
Zooplankton 1560 500 4430 logn(1560.0,1900.0,0.0) 
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Table A-18. Iodine-129. 

 Reference organism Value Min Max Distribution 
Amphibian 130 130 130 exp(130.0) 
Benthic fish 180 8 800 logn(180.0,350.0,0.0) 
Bird 130     exp(130.0) 
Bivalve mollusc 25 0.22 220 logn(25.0,18.0,0.0) 
Crustacean 400 140 600 logn(400.0,230.0,0.0) 
Gastropod 25     exp(25.0) 
Insect larvae 400     exp(400.0) 
Mammal 130     exp(130.0) 
Pelagic fish 180 8 800 logn(180.0,350.0,0.0) 
Phytoplankton 2300 55 12000 logn(2300.0,4300.0,0.0) 
Vascular plant 300 12 800 logn(300.0,280.0,0.0) 
Zooplankton 1300 500 4000 logn(1300.0,1400.0,0.0) 

 
Table A-19. Niobium-94. 

Reference organism Value Min Max Distribution 
Amphibian 230     exp(230.0) 
Benthic fish 230 30 300 logn(230.0,110.0,0.0) 
Bird 230     exp(230.0) 
Bivalve mollusc 350 280 420 logn(350.0,100.0,0.0) 
Crustacean 350     exp(350.0) 
Gastropod 350     exp(350.0) 
Insect larvae 350     exp(350.0) 
Mammal 230     exp(230.0) 
Pelagic fish 230 30 300 logn(230.0,110.0,0.0) 
Phytoplankton 1000     exp(1000.0) 
Vascular plant 800     exp(800.0) 
Zooplankton 1000     exp(1000.0) 

 
 
Table A-20. Nickel-59. 

Reference organism Value Min Max Distribution 
Amphibian 100     exp(100.0) 
Benthic fish 100 100 100 exp(100.0) 
Bird 100     exp(100.0) 
Bivalve mollusc 6400     exp(6400.0) 
Crustacean 550     exp(550.0) 
Gastropod 6400     exp(6400.0) 
Insect larvae 550     exp(550.0) 
Mammal 100     exp(100.0) 
Pelagic fish 100 100 100 exp(100.0) 
Phytoplankton 5000     exp(5000.0) 
Vascular plant 50     exp(50.0) 
Zooplankton 5000     exp(5000.0) 
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Table A-21. Selenium-79. 

  Value Min Max Distribution 
Amphibian 200     exp(200.0) 
Benthic fish 200     exp(200.0) 
Bird 200     exp(200.0) 
Bivalve mollusc 5000     exp(5000.0) 
Crustacean 7100     exp(7100.0) 
Gastropod 5000     exp(5000.0) 
Insect larvae 7100     exp(7100.0) 
Mammal 200     exp(200.0) 
Pelagic fish 200     exp(200.0) 
Phytoplankton 3600     exp(3600.0) 
Vascular plant 1000     exp(1000.0) 
Zooplankton 6000     exp(6000.0) 

 
Table A-22. Technetium-99. 

Reference organism Value Min Max Distribution 
Amphibian 40     exp(40.0) 
Benthic fish 40 15 78 logn(40.0,35.0,0.0) 
Bird 40     exp(40.0) 
Bivalve mollusc 24     exp(24.0) 
Crustacean 13     exp(13.0) 
Gastropod 24     exp(24.0) 
Insect larvae 13     exp(13.0) 
Mammal 40     exp(40.0) 
Pelagic fish 40 15 78 logn(40.0,35.0,0.0) 
Phytoplankton 8     exp(8.0) 
Vascular plant 1300     exp(1300.0) 
Zooplankton 20     exp(20.0) 



   
 

A3.  Terrestrial Dose Conversion Coefficients (μGy h-1 per Bq kg-1) 

  
Table A-23. Carbon-14. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_soil

_beta_gamma 
DCC_ext_in_soil

_low_beta 
DCC_ext_on
_soil_alpha 

DCC_ext_on_soil
_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Bird       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 
Bird egg       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Detritivorous 
invertebrate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 

Flying insects       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Gastropod 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Grasses & Herbs       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Lichen & bryophytes       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Mammal (Deer)       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 
Mammal (Rat) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 
Reptile 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 
Shrub       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 
Soil Invertebrate (worm) 0.00E+00 0.00E+00 0.00E+00       0.00E+00 2.80E-07 
Tree       0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 
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Table A-23. Chlorine-36. 

  
DCC_ext_in
_soil_alpha 

DCC_ext_in_ 
soil_beta_gamma 

DCC_ext_in 
_soil_low_beta 

DCC_ext_on 
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on 
_soil_low_beta 

DCC_int 
_alpha 

DCC_int 
_low_beta 

Amphibian 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Bird   - - 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Bird egg   - - 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Detritivorous invertebrate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Flying insects   - - 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Gastropod 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Grasses & Herbs   - - 0.00E+00 3.10E-08 0.00E+00 0.00E+00 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 1.60E-12 0.00E+00 0.00E+00 0.00E+00 
Mammal (Deer)   - - 0.00E+00 1.50E-08 0.00E+00 0.00E+00 0.00E+00 
Mammal (Rat) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-08 0.00E+00 0.00E+00 0.00E+00 
Reptile 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.00E-08 0.00E+00 0.00E+00 0.00E+00 
Shrub   - - 0.00E+00 2.90E-08 0.00E+00 0.00E+00 0.00E+00 
Soil Invertebrate (worm) 0.00E+00 0.00E+00 0.00E+00 - - - 0.00E+00 0.00E+00 
Tree   - - 0.00E+00 2.50E-08 0.00E+00 0.00E+00 0.00E+00 
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Table A-24. Caesium-135. 

  
DCC_ext_in
_soil_alpha 

DCC_ext_in 
_soil_beta_gamma 

DCC_ext_in 
_soil_low_beta 

DCC_ext_ 
on_soil_alpha 

DCC_ext_on 
_soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int 
_alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 3.40E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Bird   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Bird egg   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Detritivorous invertebrate 0.00E+00 3.60E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E-07 
Flying insects   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E-07 
Gastropod 0.00E+00 3.50E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Grasses & Herbs   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Lichen & bryophytes   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E-07 
Mammal (Deer)   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Mammal (Rat) 0.00E+00 3.00E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Reptile 0.00E+00 2.70E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Shrub   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
Soil Invertebrate (worm) 0.00E+00 3.50E-06 0.00E+00 - - - 0.00E+00 3.90E-07 
Tree   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-07 
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Table A-25. Iodine-129. 

  
DCC_ext_in
_soil_alpha 

DCC_ext_in 
_soil_beta_gamma 

DCC_ext_in 
_soil_low_beta 

DCC_ext_on 
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on 
_soil_low_beta 

DCC_int 
_alpha 

DCC_int 
_low_beta 

Amphibian 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.10E-06 0.00E+00 0.00E+00 5.07E-06 
Bird - - - 0.00E+00 1.10E-06 0.00E+00 0.00E+00 4.84E-06 
Bird egg - - - 0.00E+00 1.10E-06 0.00E+00 0.00E+00 4.80E-06 
Detritivorous invertebrate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.20E-06 0.00E+00 0.00E+00 4.81E-06 
Flying insects - - - 0.00E+00 1.10E-06 0.00E+00 0.00E+00 4.81E-06 
Gastropod 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.10E-06 0.00E+00 0.00E+00 4.94E-06 
Grasses & Herbs - - - 0.00E+00 1.90E-06 0.00E+00 0.00E+00 4.94E-06 
Lichen & bryophytes - - - 0.00E+00 2.20E-11 0.00E+00 0.00E+00 4.81E-06 
Mammal (Deer) - - - 0.00E+00 4.00E-07 0.00E+00 0.00E+00 5.00E-06 
Mammal (Rat) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.10E-06 0.00E+00 0.00E+00 5.04E-06 
Reptile 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.10E-06 0.00E+00 0.00E+00 4.92E-06 
Shrub - - - 0.00E+00 1.60E-06 0.00E+00 0.00E+00 4.94E-06 
Soil Invertebrate (worm) 0.00E+00 0.00E+00 0.00E+00 - - - 0.00E+00 4.94E-06 
Tree - - - 0.00E+00 8.80E-07 0.00E+00 0.00E+00 5.00E-06 
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Table A-26. Niobium-94. 

  
DCC_ext_in 
_soil_alpha 

DCC_ext_in_ 
soil_beta_gamma 

DCC_ext_in_
soil_low_beta 

DCC_ext_on
_soil_alpha 

DCC_ext_on_soil
_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int 
_alpha 

DCC_int 
_low_beta 

DCC_int_ 
beta_gamma 

Amphibian 0.00E+00 8.30E-04 0.00E+00 0.00E+00 3.20E-04 0.00E+00 0.00E+00 0.00E+00 1.30E-04 
Bird       0.00E+00 3.20E-04 0.00E+00 0.00E+00 0.00E+00 2.20E-04 
Bird egg       0.00E+00 3.20E-04 0.00E+00 0.00E+00 0.00E+00 1.40E-04 
Detritivorous 
invertebrate 0.00E+00 8.50E-04 0.00E+00 0.00E+00 3.20E-04 0.00E+00 0.00E+00 0.00E+00 9.40E-05 

Flying insects       0.00E+00 3.20E-04 0.00E+00 0.00E+00 0.00E+00 1.00E-04 
Gastropod 0.00E+00 8.40E-04 0.00E+00 0.00E+00 3.20E-04 0.00E+00 0.00E+00 0.00E+00 1.10E-04 
Grasses & 
Herbs       0.00E+00 3.10E-04 0.00E+00 0.00E+00 0.00E+00 1.10E-04 

Lichen & 
bryophytes       0.00E+00 1.80E-08 0.00E+00 0.00E+00 0.00E+00 8.80E-05 

Mammal 
(Deer)       0.00E+00 1.60E-04 0.00E+00 0.00E+00 0.00E+00 6.40E-04 

Mammal 
(Rat) 0.00E+00 7.90E-04 0.00E+00 0.00E+00 3.10E-04 0.00E+00 0.00E+00 0.00E+00 1.80E-04 

Reptile 0.00E+00 7.60E-04 0.00E+00 0.00E+00 3.00E-04 0.00E+00 0.00E+00 0.00E+00 1.70E-04 
Shrub       0.00E+00 2.90E-04 0.00E+00 0.00E+00 0.00E+00 1.10E-04 
Soil 
Invertebrate 
(worm) 

0.00E+00 8.40E-04 0.00E+00       0.00E+00 0.00E+00 1.10E-04 

Tree       0.00E+00 2.50E-04 0.00E+00 0.00E+00 0.00E+00 5.80E-04 

 

108



   
 

Table A-27. Nickel-59. 

  
DCC_ext_in
_soil_alpha 

DCC_ext_in_ 
soil_beta_gamma 

DCC_ext_in 
_soil_low_beta 

DCC_ext_ 
on_soil_alpha 

DCC_ext_on 
_soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int 
_alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 7.90E-08 0.00E+00 0.00E+00 1.00E-39 0.00E+00 0.00E+00 2.61E-06 
Bird   - - 0.00E+00 1.00E-39 0.00E+00 0.00E+00 2.64E-06 
Bird egg   - - 0.00E+00 1.00E-39 0.00E+00 0.00E+00 2.61E-06 
Detritivorous invertebrate 0.00E+00 8.10E-08 0.00E+00 0.00E+00 1.10E-39 0.00E+00 0.00E+00 2.66E-06 
Flying insects   - - 0.00E+00 1.10E-39 0.00E+00 0.00E+00 2.63E-06 
Gastropod 0.00E+00 8.10E-08 0.00E+00 0.00E+00 1.10E-39 0.00E+00 0.00E+00 2.62E-06 
Grasses & Herbs   - - 0.00E+00 1.30E-07 0.00E+00 0.00E+00 2.62E-06 
Lichen & bryophytes   - - 0.00E+00 1.50E-44 0.00E+00 0.00E+00 2.62E-06 
Mammal (Deer)   - - 0.00E+00 3.70E-40 0.00E+00 0.00E+00 2.60E-06 
Mammal (Rat) 0.00E+00 7.50E-08 0.00E+00 0.00E+00 1.00E-39 0.00E+00 0.00E+00 2.64E-06 
Reptile 0.00E+00 7.20E-08 0.00E+00 0.00E+00 1.00E-39 0.00E+00 0.00E+00 2.64E-06 
Shrub   - - 0.00E+00 9.30E-09 0.00E+00 0.00E+00 2.62E-06 
Soil Invertebrate (worm) 0.00E+00 8.00E-08 0.00E+00 - - - 0.00E+00 2.62E-06 
Tree   - - 0.00E+00 2.70E-12 0.00E+00 0.00E+00 2.60E-06 
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Table A-28. Neptunium-237. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_ 

soil_beta_gamma 
DCC_ext_in_
soil_low_beta 

DCC_ext_on 
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int
_alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 2.00E-07 0.00E+00 0.00E+00 3.60E-06 0.00E+00 2.74E-03 0.00E+00 
Bird   - - 0.00E+00 3.60E-06 0.00E+00 2.74E-03 0.00E+00 
Bird egg   - - 0.00E+00 3.60E-06 0.00E+00 2.74E-03 0.00E+00 
Detritivorous invertebrate 0.00E+00 2.10E-07 0.00E+00 0.00E+00 3.60E-06 0.00E+00 2.77E-03 0.00E+00 
Flying insects   - - 0.00E+00 3.60E-06 0.00E+00 2.74E-03 0.00E+00 
Gastropod 0.00E+00 2.10E-07 0.00E+00 0.00E+00 3.60E-06 0.00E+00 2.74E-03 0.00E+00 
Grasses & Herbs   - - 0.00E+00 4.20E-06 0.00E+00 2.74E-03 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 1.00E-10 0.00E+00 2.77E-03 0.00E+00 
Mammal (Deer)   - - 0.00E+00 1.40E-06 0.00E+00 2.74E-03 0.00E+00 
Mammal (Rat) 0.00E+00 1.80E-07 0.00E+00 0.00E+00 3.50E-06 0.00E+00 2.74E-03 0.00E+00 
Reptile 0.00E+00 1.70E-07 0.00E+00 0.00E+00 3.40E-06 0.00E+00 2.74E-03 0.00E+00 
Shrub   - - 0.00E+00 3.60E-06 0.00E+00 2.74E-03 0.00E+00 
Soil Invertebrate (worm) 0.00E+00 2.10E-07 0.00E+00 - - - 2.74E-03 0.00E+00 
Tree   - - 0.00E+00 2.80E-06 0.00E+00 2.74E-03 0.00E+00 
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Table A-29. Lead-210. 

  
DCC_ext_in
_soil_alpha 

DCC_ext_in_ 
soil_beta_gamma 

DCC_ext_in_
soil_low_beta 

DCC_ext_on 
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 0.00E+00 0.00E+00 4.80E-06 
Bird   - - 0.00E+00 2.80E-07 0.00E+00 0.00E+00 5.00E-06 
Bird egg   - - 0.00E+00 2.80E-07 0.00E+00 0.00E+00 4.80E-06 
Detritivorous invertebrate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 0.00E+00 0.00E+00 3.80E-06 
Flying insects   - - 0.00E+00 2.90E-07 0.00E+00 0.00E+00 4.20E-06 
Gastropod 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.90E-07 0.00E+00 0.00E+00 4.40E-06 
Grasses & Herbs   - - 0.00E+00 4.00E-07 0.00E+00 0.00E+00 4.40E-06 
Lichen & bryophytes   - - 0.00E+00 4.10E-12 0.00E+00 0.00E+00 3.40E-06 
Mammal (Deer)   - - 0.00E+00 7.70E-08 0.00E+00 0.00E+00 5.00E-06 
Mammal (Rat) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-07 0.00E+00 0.00E+00 4.80E-06 
Reptile 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.20E-06 0.00E+00 0.00E+00 4.80E-06 
Shrub   - - 0.00E+00 2.00E-07 0.00E+00 0.00E+00 4.40E-06 
Soil Invertebrate (worm) 0.00E+00 0.00E+00 0.00E+00 - - - 0.00E+00 4.60E-06 
Tree   - - 0.00E+00 1.30E-07 0.00E+00 0.00E+00 5.00E-06 
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Table A-30. Polonium-210. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_soil

_beta_gamma 
DCC_ext_in_soil

_low_beta 
DCC_ext_on
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 5.80E-07 0.00E+00 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Bird   - - 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Bird egg   - - 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Detritivorous 
invertebrate 0.00E+00 6.10E-07 0.00E+00 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 

Flying insects   - - 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Gastropod 0.00E+00 6.10E-07 0.00E+00 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Grasses & Herbs   - - 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 9.60E-14 0.00E+00 3.10E-03 0.00E+00 
Mammal (Deer)   - - 0.00E+00 8.60E-10 0.00E+00 3.10E-03 0.00E+00 
Mammal (Rat) 0.00E+00 5.20E-07 0.00E+00 0.00E+00 1.70E-09 0.00E+00 3.10E-03 0.00E+00 
Reptile 0.00E+00 4.70E-07 0.00E+00 0.00E+00 1.60E-09 0.00E+00 3.10E-03 0.00E+00 
Shrub   - - 0.00E+00 1.60E-09 0.00E+00 3.10E-03 0.00E+00 
Soil Invertebrate (worm) 0.00E+00 6.00E-07 0.00E+00 - - - 3.10E-03 0.00E+00 
Tree   - - 0.00E+00 1.40E-09 0.00E+00 3.10E-03 0.00E+00 
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Table A-31. Radium-226. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_soil

_beta_gamma 
DCC_ext_in_
soil_low_beta 

DCC_ext_on 
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_low 
_beta 

Amphibian 0.00E+00 4.50E-09 0.00E+00 0.00E+00 3.40E-04 0.00E+00 1.34E-02 0.00E+00 
Bird   - - 0.00E+00 3.40E-04 0.00E+00 1.43E-02 0.00E+00 
Bird egg   - - 0.00E+00 3.40E-04 0.00E+00 1.34E-02 0.00E+00 
Detritivorous 
invertebrate 0.00E+00 4.60E-09 0.00E+00 0.00E+00 3.50E-04 0.00E+00 1.36E-02 0.00E+00 

Flying insects   - - 0.00E+00 3.50E-04 0.00E+00 1.36E-02 0.00E+00 
Gastropod 0.00E+00 4.60E-09 0.00E+00 0.00E+00 3.50E-04 0.00E+00 1.36E-02 0.00E+00 
Grasses & Herbs   - - 0.00E+00 3.30E-04 0.00E+00 1.36E-02 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 2.00E-08 0.00E+00 1.37E-02 0.00E+00 
Mammal (Deer)   - - 0.00E+00 1.80E-04 0.00E+00 1.38E-02 0.00E+00 
Mammal (Rat) 0.00E+00 4.30E-09 0.00E+00 0.00E+00 3.40E-04 0.00E+00 1.34E-02 0.00E+00 
Reptile 0.00E+00 4.10E-09 0.00E+00 0.00E+00 3.30E-04 0.00E+00 1.34E-02 0.00E+00 
Shrub   - - 0.00E+00 3.20E-04 0.00E+00 1.36E-02 0.00E+00 
Soil Invertebrate (worm) 0.00E+00 4.50E-09 0.00E+00 - - - 1.36E-02 0.00E+00 
Tree   - - 0.00E+00 2.70E-04 0.00E+00 1.40E-02 0.00E+00 
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Table A-32. Selenium-79. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_ 

soil_beta_gamma 
DCC_ext_in_
soil_low_beta 

DCC_ext_on 
_soil_alpha 

DCC_ext_on_ 
soil_beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_ 
int_alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 9.80E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Bird   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Bird egg   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Detritivorous invertebrate 0.00E+00 1.00E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Flying insects   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Gastropod 0.00E+00 1.00E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Grasses & Herbs   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Lichen & bryophytes   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Mammal (Deer)   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Mammal (Rat) 0.00E+00 8.20E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Reptile 0.00E+00 7.00E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Shrub   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
Soil Invertebrate (worm) 0.00E+00 1.00E-07 0.00E+00 - - - 0.00E+00 3.20E-07 
Tree   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.20E-07 
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Table A-33. Technetium-99. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_soil_

beta_gamma 
DCC_ext_in_soil

_low_beta 
DCC_ext_on_

soil_alpha 
DCC_ext_on_soil

_beta_gamma 
DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Bird   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Bird egg   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Detritivorous 
invertebrate 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Flying insects   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Gastropod 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Grasses & Herbs   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Mammal (Deer)   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Mammal (Rat) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Reptile 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Shrub   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Soil Invertebrate 
(worm) 0.00E+00 0.00E+00 0.00E+00 - - - 0.00E+00 0.00E+00 

Tree   - - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
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Table A-34. Thorium-230. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_ 

soil_beta_gamma 
DCC_ext_in_soil

_low_beta 
DCC_ext_on 
_soil_alpha 

DCC_ext_on_soil_
beta_gamma 

DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 8.90E-04 0.00E+00 0.00E+00 7.10E-08 0.00E+00 2.70E-03 0.00E+00 
Bird   - - 0.00E+00 7.00E-08 0.00E+00 2.70E-03 0.00E+00 
Bird egg   - - 0.00E+00 7.00E-08 0.00E+00 2.70E-03 0.00E+00 
Detritivorous 
invertebrate 0.00E+00 9.10E-04 0.00E+00 0.00E+00 7.20E-08 0.00E+00 2.70E-03 0.00E+00 

Flying insects   - - 0.00E+00 7.20E-08 0.00E+00 2.70E-03 0.00E+00 
Gastropod 0.00E+00 9.00E-04 0.00E+00 0.00E+00 7.20E-08 0.00E+00 2.70E-03 0.00E+00 
Grasses & Herbs   - - 0.00E+00 1.40E-07 0.00E+00 2.70E-03 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 1.80E-12 0.00E+00 2.70E-03 0.00E+00 
Mammal (Deer)   - - 0.00E+00 2.50E-08 0.00E+00 2.70E-03 0.00E+00 
Mammal (Rat) 0.00E+00 8.50E-04 0.00E+00 0.00E+00 6.90E-08 0.00E+00 2.70E-03 0.00E+00 
Reptile 0.00E+00 8.20E-04 0.00E+00 0.00E+00 6.70E-08 0.00E+00 2.70E-03 0.00E+00 
Shrub   - - 0.00E+00 7.80E-08 0.00E+00 2.70E-03 0.00E+00 
Soil Invertebrate 
(worm) 0.00E+00 9.00E-04 0.00E+00 - - - 2.70E-03 0.00E+00 

Tree   - - 0.00E+00 4.40E-08 0.00E+00 2.70E-03 0.00E+00 

 

116



   
 

Table A-35. Uranium-238. 

  
DCC_ext_in_

soil_alpha 
DCC_ext_in_soil_

beta_gamma 
DCC_ext_in_soil

_low_beta 
DCC_ext_on_

soil_alpha 
DCC_ext_on_soil

_beta_gamma 
DCC_ext_on_
soil_low_beta 

DCC_int_
alpha 

DCC_int_ 
low_beta 

Amphibian 0.00E+00 7.50E-06 0.00E+00 0.00E+00 4.80E-08 0.00E+00 2.40E-03 0.00E+00 
Bird   - - 0.00E+00 4.80E-08 0.00E+00 2.40E-03 0.00E+00 
Bird egg   - - 0.00E+00 4.80E-08 0.00E+00 2.40E-03 0.00E+00 
Detritivorous 
invertebrate 0.00E+00 7.70E-06 0.00E+00 0.00E+00 5.00E-08 0.00E+00 2.40E-03 0.00E+00 

Flying insects   - - 0.00E+00 5.00E-08 0.00E+00 2.40E-03 0.00E+00 
Gastropod 0.00E+00 7.70E-06 0.00E+00 0.00E+00 4.90E-08 0.00E+00 2.40E-03 0.00E+00 
Grasses & Herbs   - - 0.00E+00 1.00E-07 0.00E+00 2.40E-03 0.00E+00 
Lichen & bryophytes   - - 0.00E+00 4.60E-13 0.00E+00 2.40E-03 0.00E+00 
Mammal (Deer)   - - 0.00E+00 1.00E-08 0.00E+00 2.40E-03 0.00E+00 
Mammal (Rat) 0.00E+00 7.00E-06 0.00E+00 0.00E+00 4.70E-08 0.00E+00 2.40E-03 0.00E+00 
Reptile 0.00E+00 6.70E-06 0.00E+00 0.00E+00 4.60E-08 0.00E+00 2.40E-03 0.00E+00 
Shrub   - - 0.00E+00 4.00E-08 0.00E+00 2.40E-03 0.00E+00 
Soil Invertebrate 
(worm) 0.00E+00 7.60E-06 0.00E+00 - - - 2.40E-03 0.00E+00 

Tree   - - 0.00E+00 6.90E-09 0.00E+00 2.40E-03 0.00E+00 
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Table A-36. Terrestrial DCC distribution (internal beta/gamma). 

  C-14 Cl-36 Tc-99 Cs-135 I-129 Nb-94 Ni-59 Np-237 Pb-210 

Amphibian 
unif(1.95E-5, 
3.66E-5) 

unif(9.55E-5, 
2.03E-4) 

unif(9.55E-5, 
2.03E-4) 

unif(2.65E-5 
,5.01E-5) 

unif(2.25E-5, 
5.0E-5) 

unif(6.69E-5, 
2.74E-4) 

unif(6.9E-7, 
1.77E-6) 

unif(2.53E-5, 
5.53E-5) 

unif(1.36E-4, 
3.13E-4) 

Bird 
unif(1.97E-5, 
3.66E-5) 

unif(1.09E-4, 
2.03E-4) 

unif(1.09E-4, 
2.03E-4) 

unif(2.7E-5 
,5.01E-5) 

unif(2.59E-5, 
5.14E-5) 

unif(1.25E-4, 
3.08E-4) 

unif(9.46E-7, 
1.78E-6) 

unif(2.9E-5, 
5.65E-5) 

unif(1.68E-4, 
3.14E-4) 

Bird egg 
unif(1.97E-5, 
3.66E-5) 

unif(1.07E-4, 
2.02E-4) 

unif(1.07E-4, 
2.02E-4) 

unif(2.69E-5, 
5.01E-5) 

unif(2.38E-5, 
4.77E-5) 

unif(8.8E-5, 
2.23E-4) 

unif(8.97E-7, 
1.75E-6) 

unif(2.71E-5, 
5.35E-5) 

unif(1.62E-4 
,3.1E-4) 

Detritivorous  
invertebrate 

unif(1.95E-5, 
3.63E-5) 

unif(9.4E-5, 
1.79E-4) 

unif(9.4E-5, 
1.79E-4) 

unif(2.65E-5, 
4.94E-5) 

unif(2.25E-5, 
4.19E-5) 

unif(6.58E-5, 
1.26E-4) 

unif(6.59E-7, 
1.3E-6) 

unif(2.52E-5, 
4.7E-5) 

unif(1.33E-4 
,2.57E-4) 

Flying insects 
unif(1.95E-5 
,3.63E-5) 

unif(9.46E-5, 
1.8E-4) 

unif(9.46E-5 
,1.8E-4) 

unif(2.65E-5, 
4.94E-5) 

unif(2.25E-5, 
4.19E-5) 

unif(6.62E-5, 
1.26E-4) 

unif(6.73E-7, 
1.31E-6) 

unif(2.52E-5, 
4.71E-5) 

unif(1.34E-4, 
2.58E-4) 

Gastropod 
unif(1.96E-5, 
3.65E-5) 

unif(1.01E-4, 
1.95E-4) 

unif(1.01E-4, 
1.95E-4) 

unif(2.67E-5, 
4.98E-5) 

unif(2.28E-5, 
4.32E-5) 

unif(7.15E-5, 
1.48E-4) 

unif(7.75E-7, 
1.6E-6) 

unif(2.57E-5, 
4.92E-5) 

unif(1.47E-4, 
2.93E-4) 

Grasses &  
Herbs 

unif(1.96E-5, 
3.65E-5) 

unif(1.02E-4, 
2.0E-4) 

unif(1.02E-4, 
2.0E-4) 

unif(2.67E-5, 
5.0E-5) 

unif(2.29E-5, 
4.5E-5) 

unif(7.33E-5, 
1.76E-4) 

unif(7.99E-7, 
1.71E-6) 

unif(2.59E-5, 
5.12E-5) 

unif(1.5E-4, 
3.05E-4) 

Lichen &  
bryophytes 

unif(1.93E-5, 
3.61E-5) 

unif(8.33E-5, 
1.64E-4) 

unif(8.33E-5, 
1.64E-4) 

unif(2.59E-5, 
4.87E-5) 

unif(2.21E-5, 
4.15E-5) 

unif(5.98E-5, 
1.15E-4) 

unif(5.37E-7, 
1.08E-6) 

unif(2.47E-5, 
4.63E-5) 

unif(1.11E-4, 
2.29E-4) 

Mammal (Deer) 
unif(1.97E-5, 
3.66E-5) 

unif(1.1E-4, 
2.04E-4) 

unif(1.1E-4, 
2.04E-4) 

unif(2.7E-5, 
5.01E-5) 

unif(2.97E-5, 
5.64E-5) 

unif(2.48E-4, 
5.6E-4) 

unif(9.64E-7, 
1.79E-6) 

unif(3.26E-5, 
6.26E-5) 

unif(1.7E-4, 
3.17E-4) 

Mammal (Rat) 
unif(1.97E-5, 
3.66E-5) 

unif(1.09E-4, 
2.03E-4) 

unif(1.09E-4, 
2.03E-4) 

unif(2.7E-5, 
5.01E-5) 

unif(2.51E-5, 
4.99E-5) 

unif(1.1E-4, 
2.69E-4) 

unif(9.36E-7, 
1.77E-6) 

unif(2.84E-5, 
5.52E-5) 

unif(1.66E-4, 
3.13E-4) 

Reptile 
unif(1.97E-5, 
3.66E-5) 

unif(1.05E-4, 
2.03E-4) 

unif(1.05E-4, 
2.03E-4) 

unif(2.69E-5, 
5.01E-5) 

unif(2.37E-5, 
4.79E-5) 

unif(8.51E-5 
,2.25E-4) 

unif(9.11E-7, 
1.77E-6) 

unif(2.68E-5, 
5.39E-5) 

unif(1.57E-4, 
3.11E-4) 

Shrub 
unif(1.97E-5, 
3.66E-5) 

unif(1.09E-4, 
2.04E-4) 

unif(1.09E-4, 
2.04E-4) 

unif(2.7E-5, 
5.02E-5) 

unif(2.69E-5, 
5.73E-5) 

unif(1.47E-4, 
7.09E-4) 

unif(9.51E-7, 
1.8E-6) 

unif(2.97E-5, 
6.46E-5) 

unif(1.68E-4, 
3.17E-4) 

Soil Invertebrate 
(worm) 

unif(1.96E-5, 
3.65E-5) 

unif(1.01E-4, 
1.92E-4) 

unif(1.01E-4, 
1.92E-4) 

unif(2.68E-5, 
4.99E-5) 

unif(2.28E-5, 
4.31E-5) 

unif(7.21E-5, 
1.45E-4) 

unif(7.73E-7, 
1.59E-6) 

unif(2.58E-5, 
4.88E-5) 

unif(1.48E-4, 
2.87E-4) 

Tree 
unif(1.97E-5, 
3.66E-5) 

unif(1.1E-4, 
2.05E-4) 

unif(1.1E-4, 
2.05E-4) 

unif(2.7E-5, 
5.02E-5) 

unif(3.08E-5, 
5.87E-5) 

unif(3.09E-4, 
8.73E-4) 

unif(9.68E-7, 
1.8E-6) 

unif(3.45E-5, 
6.8E-5) 

unif(1.71E-4, 
3.18E-4) 
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Table A-36. Terrestrial DCC distribution (internal beta/gamma) continued 

  Po-210 Ra-226 Se-79 Tc-99 Th-230 U-238 

Amphibian 
unif(4.5E-11, 
8.6E-10) 

unif(2.65E-4, 
8.51E-4) 

unif(2.2E-5, 
4.14E-5) 

unif(3.94E-5, 
7.54E-5) 

unif(5.53E-6, 
1.09E-5) 

unif(3.69E-6, 
7.52E-6) 

Bird 
unif(3.45E-10, 
1.05E-9) 

unif(4.32E-4, 
8.91E-4) 

unif(2.23E-5, 
4.14E-5) 

unif(4.06E-5, 
7.55E-5) 

unif(5.86E-6, 
1.1E-5) 

unif(4.02E-6, 
7.55E-6) 

Bird egg 
unif(1.46E-10, 
5.9E-10) 

unif(3.72E-4, 
7.89E-4) 

unif(2.22E-5, 
4.14E-5) 

unif(4.04E-5, 
7.53E-5) 

unif(5.74E-6, 
1.09E-5) 

unif(3.89E-6, 
7.45E-6) 

Detritivorous  
invertebrate 

unif(4.11E-11, 
8.87E-11) 

unif(2.57E-4, 
5.07E-4) 

unif(2.2E-5, 
4.1E-5) 

unif(3.92E-5, 
7.33E-5) 

unif(5.52E-6, 
1.03E-5) 

unif(3.67E-6, 
6.86E-6) 

Flying insects 
unif(4.24E-11, 
9.03E-11) 

unif(2.59E-4, 
5.1E-4) 

unif(2.2E-5, 
4.1E-5) 

unif(3.93E-5, 
7.33E-5) 

unif(5.52E-6, 
1.03E-5) 

unif(3.68E-6, 
6.86E-6) 

Gastropod 
unif(6.38E-11, 
1.91E-10) 

unif(3.03E-4, 
6.46E-4) 

unif(2.21E-5, 
4.12E-5) 

unif(3.98E-5, 
7.47E-5) 

unif(5.59E-6 
1.05E-5) 

unif(3.74E-6, 
7.1E-6) 

Grasses &  
Herbs 

unif(7.17E-11, 
3.34E-10) 

unif(3.15E-4, 
7.2E-4) 

unif(2.22E-5, 
4.13E-5) 

unif(4.0E-5, 
7.52E-5) 

unif(6.1E-7, 
1.07E-5) 

unif(3.76E-6 
,7.29E-6) 

Lichen &  
bryophytes 

unif(2.55E-11, 
6.43E-11) 

unif(2.08E-4, 
4.4E-4) 

unif(2.18E-5, 
4.07E-5) 

unif(3.77E-5, 
7.08E-5) 

unif(5.46E-6, 
1.02E-5) 

unif(3.62E-6, 
6.77E-6) 

Mammal (Deer) 
unif(1.01E-9, 
2.4E-9) 

unif(5.7E-4, 
0.00117) 

unif(2.23E-5, 
4.14E-5) 

unif(4.07E-5, 
7.56E-5) 

unif(5.96E-6, 
1.11E-5) 

unif(4.09E-6, 
7.61E-6) 

Mammal (Rat) 
unif(2.62E-10, 
8.36E-10) 

unif(4.12E-4, 
8.46E-4) 

unif(2.23E-5, 
4.14E-5) 

unif(4.05E-5, 
7.54E-5) 

unif(5.83E-6, 
1.09E-5) 

unif(3.99E-6, 
7.52E-6) 

Reptile 
unif(1.29E-10 
,5.98E-10) 

unif(3.58E-4, 
7.85E-4) 

unif(2.23E-5, 
4.14E-5) 

unif(4.04E-5, 
7.54E-5) 

unif(5.71E-6, 
1.09E-5) 

unif(3.85E-6, 
7.47E-6) 

Shrub 
unif(4.59E-10, 
3.21E-9) 

unif(4.57E-4, 
0.00133) 

unif(2.23E-5, 
4.14E-5) 

unif(4.06E-5 
,7.56E-5) 

unif(5.89E-6, 
1.11E-5) 

unif(4.04E-6, 
7.62E-6) 

Soil Invertebrate 
(worm) 

unif(6.74E-11, 
1.74E-10) 

unif(3.12E-4, 
6.32E-4) 

unif(2.22E-5, 
4.13E-5) 

unif(4.0E-5, 
7.48E-5) 

unif(5.6E-6, 
1.05E-5) 

unif(3.74E-6, 
7.06E-6) 

Tree 
unif(1.33E-9, 
4.09E-9) 

unif(6.35E-4, 
0.00149) 

unif(2.23E-5, 
4.14E-5) 

unif(4.07E-5, 
7.56E-5) 

unif(6.0E-6, 
1.12E-5) 

unif(4.11E-6, 
7.64E-6) 
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A4.  Freshwater Dose Conversion Coefficients (μGy h-1 per Bq kg-1) 

 
Table A-37. Carbon-14. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 5.90E-08 0.00E+00 0.00E+00 2.77E-05 2.80E-07 
Benthic fish 4.20E-06 0.00E+00 0.00E+00 1.60E-04 0.00E+00 
Bird 1.40E-07 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Bivalve 
mollusc 1.20E-05 0.00E+00 0.00E+00 3.39E-05 5.07E-06 
Crustacean 8.70E-04 0.00E+00 0.00E+00 1.30E-04 0.00E+00 
Gastropod 8.40E-08 0.00E+00 0.00E+00 1.29E-06 2.61E-06 
Insect larvae 7.70E-08 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Mammal 3.70E-07 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
Pelagic fish 1.70E-08 0.00E+00 0.00E+00 2.87E-05 2.90E-07 
Phytoplankton 1.30E-06 0.00E+00 0.00E+00 1.60E-04 0.00E+00 
Vascular plant 4.10E-08 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Zooplankton 7.30E-06 0.00E+00 0.00E+00 3.92E-05 4.84E-06 
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Table A-38. Chlorine-36. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 7.90E-04 0.00E+00 0.00E+00 2.20E-04 0.00E+00 
Benthic fish 2.30E-08 0.00E+00 0.00E+00 1.36E-06 2.64E-06 
Bird 2.30E-08 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Bivalve 
mollusc 1.10E-07 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
Crustacean 1.80E-08 0.00E+00 0.00E+00 2.87E-05 2.90E-07 
Gastropod 1.40E-06 0.00E+00 0.00E+00 1.60E-04 0.00E+00 
Insect larvae 4.30E-08 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Mammal 7.10E-06 0.00E+00 0.00E+00 3.92E-05 4.84E-06 
Pelagic fish 7.80E-04 0.00E+00 0.00E+00 2.20E-04 0.00E+00 
Phytoplankton 2.50E-08 0.00E+00 0.00E+00 1.36E-06 2.64E-06 
Vascular plant 2.40E-08 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Zooplankton 1.20E-07 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
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Table A-39. Caesium-135. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 4.50E-08 0.00E+00 0.00E+00 2.77E-05 2.80E-07 
Benthic fish 3.30E-06 0.00E+00 0.00E+00 1.60E-04 0.00E+00 
Bird 1.00E-07 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Bivalve 
mollusc 1.10E-05 0.00E+00 0.00E+00 3.52E-05 4.80E-06 
Crustacean 8.60E-04 0.00E+00 0.00E+00 1.40E-04 0.00E+00 
Gastropod 6.40E-08 0.00E+00 0.00E+00 1.33E-06 2.57E-06 
Insect larvae 5.90E-08 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Mammal 2.90E-07 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
Pelagic fish 9.00E-07 0.00E+00 0.00E+00 2.77E-05 2.80E-07 
Phytoplankton 5.40E-05 0.00E+00 0.00E+00 1.10E-04 0.00E+00 
Vascular plant 2.20E-06 0.00E+00 0.00E+00 3.66E-05 3.70E-07 
Zooplankton 1.50E-05 0.00E+00 0.00E+00 3.10E-05 5.04E-06 
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Table A-40. Iodine-129. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 9.30E-04 0.00E+00 0.00E+00 7.90E-05 0.00E+00 
Benthic fish 7.00E-07 0.00E+00 0.00E+00 6.93E-07 2.61E-06 
Bird 1.20E-06 0.00E+00 0.00E+00 3.07E-05 3.10E-07 
Bivalve 
mollusc 5.70E-06 0.00E+00 0.00E+00 5.30E-05 0.00E+00 
Crustacean 1.20E-07 0.00E+00 0.00E+00 2.77E-05 2.80E-07 
Gastropod 8.30E-06 0.00E+00 0.00E+00 1.50E-04 0.00E+00 
Insect larvae 2.70E-07 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Mammal 1.30E-05 0.00E+00 0.00E+00 3.31E-05 4.94E-06 
Pelagic fish 8.90E-04 0.00E+00 0.00E+00 1.10E-04 0.00E+00 
Phytoplankton 1.70E-07 0.00E+00 0.00E+00 1.22E-06 2.58E-06 
Vascular plant 1.50E-07 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Zooplankton 7.30E-07 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
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Table A-41. Niobium-94. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 8.20E-07 0.00E+00 0.00E+00 2.77E-05 2.80E-07 
Benthic fish 5.10E-05 0.00E+00 0.00E+00 1.10E-04 0.00E+00 
Bird 2.00E-06 0.00E+00 0.00E+00 3.66E-05 3.70E-07 
Bivalve 
mollusc 1.50E-05 0.00E+00 0.00E+00 3.10E-05 5.04E-06 
Crustacean 9.20E-04 0.00E+00 0.00E+00 8.10E-05 0.00E+00 
Gastropod 6.90E-07 0.00E+00 0.00E+00 6.93E-07 2.61E-06 
Insect larvae 1.10E-06 0.00E+00 0.00E+00 3.07E-05 3.10E-07 
Mammal 5.30E-06 0.00E+00 0.00E+00 5.30E-05 0.00E+00 
Pelagic fish 1.20E-08 0.00E+00 0.00E+00 2.87E-05 2.90E-07 
Phytoplankton 9.80E-07 0.00E+00 0.00E+00 1.60E-04 0.00E+00 
Vascular plant 3.00E-08 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Zooplankton 5.20E-06 0.00E+00 0.00E+00 4.09E-05 5.06E-06 
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Table A-42. Nickel-59. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 7.20E-04 0.00E+00 0.00E+00 2.90E-04 0.00E+00 
Benthic fish 1.70E-08 0.00E+00 0.00E+00 1.36E-06 2.64E-06 
Bird 1.60E-08 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Bivalve 
mollusc 8.50E-08 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
Crustacean 1.80E-08 0.00E+00 0.00E+00 2.87E-05 2.90E-07 
Gastropod 1.40E-06 0.00E+00 0.00E+00 1.60E-04 0.00E+00 
Insect larvae 4.30E-08 0.00E+00 0.00E+00 3.86E-05 3.90E-07 
Mammal 7.70E-06 0.00E+00 0.00E+00 3.83E-05 4.73E-06 
Pelagic fish 8.00E-04 0.00E+00 0.00E+00 2.10E-04 0.00E+00 
Phytoplankton 2.50E-08 0.00E+00 0.00E+00 1.36E-06 2.64E-06 
Vascular plant 2.40E-08 0.00E+00 0.00E+00 3.17E-05 3.20E-07 
Zooplankton 1.20E-07 0.00E+00 0.00E+00 5.80E-05 0.00E+00 
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Table A-42. Selenium-79. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 2.90E-05 0.00E+00 0.00E+00 5.35E-11 5.40E-13 
Benthic fish 1.60E-04 0.00E+00 0.00E+00 1.20E-10 0.00E+00 
Bird 3.90E-05 0.00E+00 0.00E+00 6.83E-11 6.90E-13 
Bivalve 
mollusc 5.10E-05 0.00E+00 0.00E+00 6.11E-11 9.94E-12 
Crustacean 1.00E-03 0.00E+00 0.00E+00 1.20E-10 0.00E+00 
Gastropod 4.00E-06 0.00E+00 0.00E+00 1.11E-12 5.40E-12 
Insect larvae 3.20E-05 0.00E+00 0.00E+00 5.94E-11 6.00E-13 
Mammal 5.80E-05 0.00E+00 0.00E+00 9.30E-11 0.00E+00 
Pelagic fish 1.10E-06 0.00E+00 0.00E+00 2.67E-05 2.70E-07 
Phytoplankton 5.50E-05 0.00E+00 0.00E+00 1.10E-04 0.00E+00 
Vascular plant 2.70E-06 0.00E+00 0.00E+00 3.56E-05 3.60E-07 
Zooplankton 1.50E-05 0.00E+00 0.00E+00 3.10E-05 5.04E-06 
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Table A-43. Technetium-99. 

  DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_alpha DCC_int_beta_gamma DCC_int_low_beta
Amphibian 9.30E-04 0.00E+00 0.00E+00 7.60E-05 0.00E+00 
Benthic fish 6.50E-07 0.00E+00 0.00E+00 7.48E-07 2.65E-06 
Bird 1.50E-06 0.00E+00 0.00E+00 3.07E-05 3.10E-07 
Bivalve 
mollusc 7.70E-06 0.00E+00 0.00E+00 5.10E-05 0.00E+00 
Crustacean 1.30E-06 0.00E+00 0.00E+00 2.67E-05 2.70E-07 
Gastropod 8.10E-05 0.00E+00 0.00E+00 8.00E-05 0.00E+00 
Insect larvae 3.00E-06 0.00E+00 0.00E+00 3.56E-05 3.60E-07 
Mammal 1.50E-05 0.00E+00 0.00E+00 3.10E-05 5.04E-06 
Pelagic fish 9.40E-04 0.00E+00 0.00E+00 6.80E-05 0.00E+00 
Phytoplankton 7.60E-07 0.00E+00 0.00E+00 6.27E-07 2.67E-06 
Vascular plant 1.70E-06 0.00E+00 0.00E+00 2.97E-05 3.00E-07 
Zooplankton 8.40E-06 0.00E+00 0.00E+00 5.00E-05 0.00E+00 
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A4.  Freshwater Dose Conversion Coefficients distributions 

 
Table A-44. Carbon-14. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian unif(3.79926E-8,9.40077E-8) unif(1.50288E-28,1.82905E-28) unif(1.96412E-5,3.65486E-5) 
Benthic fish unif(2.67998E-6,6.58439E-6) unif(1.93556E-29,2.35563E-29) unif(1.05701E-4,2.01376E-4) 
Bird unif(8.75953E-8,2.15641E-7) unif(1.13937E-28,1.38664E-28) unif(2.68625E-5,5.00533E-5) 
Bivalve 
mollusc unif(1.0229E-5,1.25936E-5) unif(1.53794E-28,1.87171E-28) unif(2.34296E-5,4.65856E-5) 
Crustacean   unif(4.62998E-29,5.63481E-29) unif(8.2135E-5,2.02563E-4) 
Gastropod unif(5.33081E-8,1.36966E-7)   unif(8.7577E-7,1.73519E-6) 
Insect larvae unif(4.95406E-8,1.226E-7) unif(1.24598E-28,1.51639E-28) unif(2.22238E-5,4.13671E-5) 
Mammal unif(2.42778E-7,5.92737E-7) unif(7.4565E-29,9.07474E-29) unif(4.02963E-5,7.52905E-5) 
Pelagic fish unif(2.90037E-8,2.85145E-7) unif(1.40245E-28,1.89726E-14) unif(1.95076E-5,3.65602E-5) 
Phytoplankton unif(2.10352E-6,2.26889E-5) unif(1.80621E-29,2.65591E-15) unif(9.44251E-5,2.02126E-4) 
Vascular plant unif(6.7156E-8,7.03612E-7) unif(1.06323E-28,1.48536E-14) unif(2.65216E-5,5.00797E-5) 
Zooplankton unif(9.65246E-6,1.39461E-5) unif(1.43516E-28,9.68047E-14) unif(2.24827E-5,4.73351E-5) 
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Table A-45. Chlorine-36. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian   unif(4.32058E-29,6.00743E-15) unif(6.60379E-5,2.16068E-4) 
Benthic fish unif(4.03E-8,4.49E-7) unif(0.0,5.50976E-14) unif(6.57169E-7,1.75209E-6) 
Bird unif(3.783E-8,3.756E-7) unif(1.16272E-28,1.59233E-14) unif(2.20475E-5,4.13822E-5) 
Bivalve 
mollusc unif(1.87E-7,2.172E-6) unif(6.95821E-29,9.63224E-15) unif(3.91959E-5,7.53626E-5) 
Crustacean unif(1.261E-8,2.648E-8) unif(1.36762E-28,9.61162E-17) unif(1.9688E-5,3.65812E-5) 
Gastropod unif(9.810E-7,1.9030E-6) unif(1.76135E-29,1.32978E-17) unif(1.08977E-4,2.03584E-4) 
Insect larvae unif(3.0053E-8,6.1446E-8) unif(1.03682E-28,7.49013E-17) unif(2.697E-5,5.01277E-5) 
Mammal unif(5.577E-6,8.979E-6) unif(1.39952E-28,4.33157E-16) unif(2.59595E-5,5.26324E-5) 
Pelagic fish unif(7.37E-4,8.25E-4) unif(4.21328E-29,3.03138E-17) unif(1.25511E-4,3.47797E-4) 
Phytoplankton unif(1.697E-8,3.66E-8) unif(0.0,2.38361E-16) unif(9.46013E-7,1.78243E-6) 
Vascular plant unif(1.65E-8,3.4555E-8) unif(1.13384E-28,8.05247E-17) unif(2.2285E-5,4.14096E-5) 
Zooplankton unif(8.576E-8,1.712E-7) unif(6.7854E-29,4.86354E-17) unif(4.0591E-5,7.54944E-5) 
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Table A-46. Caesium-135. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian unif(2.34568E-8,4.13655E-7) unif(1.32134E-28,2.40749E-28) unif(1.94197E-5,3.65673E-5) 
Benthic fish unif(1.69506E-6,2.91326E-5) unif(1.70175E-29,3.10059E-29) unif(8.99276E-5,2.02656E-4) 
Bird unif(5.46E-8,9.59478E-7) unif(1.00173E-28,1.82516E-28) unif(2.63431E-5,5.0096E-5) 
Bivalve 
mollusc unif(8.24837E-6,1.41817E-5) unif(1.35216E-28,2.46363E-28) unif(2.23221E-5,4.91605E-5) 
Crustacean unif(8.0971E-4,9.1387E-4) unif(4.07069E-29,7.4168E-29) unif(6.35187E-5,2.53356E-4) 
Gastropod unif(3.21978E-8,5.04654E-7)   unif(6.18388E-7,1.76263E-6) 
Insect larvae unif(3.06238E-8,5.39628E-7) unif(1.09547E-28,1.99595E-28) unif(2.19336E-5,4.13915E-5) 
Mammal unif(1.52439E-7,2.6782E-6) unif(6.55576E-29,1.19446E-28) unif(3.88369E-5,7.54079E-5) 
Pelagic fish unif(3.87152E-7,3.50986E-6) unif(1.01419E-14,1.33077E-11) unif(1.72493E-5,3.60929E-5) 
Phytoplankton unif(2.98456E-5,9.96509E-5) unif(1.41084E-15,1.92067E-12) unif(4.04643E-5,1.66043E-4) 
Vascular plant unif(1.02153E-6,6.93695E-6) unif(7.92041E-15,1.05464E-11) unif(2.21564E-5,4.88349E-5) 
Zooplankton unif(1.41588E-5,1.76096E-5) unif(4.85063E-14,8.89473E-11) unif(1.99173E-5,4.14743E-5) 
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Table A-47. Iodine-129. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian   unif(3.20451E-15,4.2579E-12) unif(3.77671E-5,1.1695E-4) 
Benthic fish unif(5.38523E-7,8.63979E-7) unif(2.71452E-14,5.36307E-11) unif(3.66861E-7,1.10441E-6) 
Bird unif(5.179E-7,4.47418E-6) unif(8.50377E-15,1.12215E-11) unif(1.9177E-5,4.07556E-5) 
Bivalve 
mollusc unif(3.1078E-6,1.5767E-5) unif(5.13981E-15,6.81579E-12) unif(2.96804E-5,7.15699E-5) 
Crustacean unif(1.07659E-7,1.99249E-7) unif(1.88284E-28,7.00031E-15) unif(1.95669E-5,3.6459E-5) 
Gastropod unif(7.54879E-6,1.41018E-5) unif(2.4249E-29,9.74934E-16) unif(1.00442E-4,1.95045E-4) 
Insect larvae unif(2.46783E-7,4.61228E-7) unif(1.42742E-28,5.46943E-15) unif(2.66901E-5,4.98471E-5) 
Mammal   unif(1.92675E-28,3.38909E-14) unif(2.27517E-5,4.32096E-5) 
Pelagic fish   unif(5.80052E-29,2.21272E-15) unif(7.1323E-5,1.47889E-4) 
Phytoplankton unif(1.58685E-7,2.85586E-7) unif(0.0,1.90285E-14) unif(7.71736E-7,1.5982E-6) 
Vascular plant unif(1.4033E-7,2.60493E-7) unif(1.56099E-28,5.87062E-15) unif(2.21267E-5,4.12499E-5) 
Zooplankton unif(6.79289E-7,1.28487E-6) unif(9.34161E-29,3.54883E-15) unif(3.98117E-5,7.47232E-5) 
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Table A-48. Niobium-94. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian unif(5.78068E-7,1.3285E-6) unif(3.20281E-29,2.22943E-14) unif(8.7777E-6,3.58481E-5) 
Benthic fish unif(3.93484E-5,7.10154E-5) unif(3.20281E-29,2.22943E-14) unif(6.05687E-5,1.53735E-4) 
Bird unif(1.47171E-6,3.0173E-6) unif(1.88534E-28,1.24258E-13) unif(2.49036E-5,4.82493E-5) 
Bivalve 
mollusc   unif(2.54486E-28,8.53992E-13) unif(2.15177E-5,4.11061E-5) 
Crustacean   unif(7.66133E-29,5.02387E-14) unif(4.98186E-5,1.10995E-4) 
Gastropod unif(6.2218E-7,7.64479E-7) unif(0.0,4.92628E-13) unif(4.36511E-7,9.95651E-7) 
Insect larvae unif(7.73175E-7,1.75021E-6) unif(2.06175E-28,1.33021E-13) unif(2.1086E-5,4.04242E-5) 
Mammal unif(4.07562E-6,7.96326E-6) unif(1.23384E-28,8.05274E-14) unif(3.51405E-5,7.0295E-5) 
Pelagic fish unif(7.96478E-9,2.87218E-8) unif(3.341E-30,1.39873E-28) unif(1.96864E-5,3.65873E-5) 
Phytoplankton unif(6.54408E-7,2.05344E-6) unif(1.33093E-29,1.80141E-29) unif(1.08872E-4,2.04008E-4) 
Vascular plant unif(1.91325E-8,6.65177E-8) unif(7.8345E-29,1.0604E-28) unif(2.69665E-5,5.0142E-5) 
Zooplankton unif(3.60119E-6,9.25219E-6) unif(1.05751E-28,1.43135E-28) unif(2.57684E-5,5.52002E-5) 
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Table A-49. Nickel-59. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian unif(6.39916E-4,8.30653E-4) unif(3.18366E-29,4.3091E-29) unif(1.21759E-4,4.74092E-4) 
Benthic fish unif(1.06578E-8,3.98894E-8)   unif(9.43724E-7,1.79063E-6) 
Bird unif(1.04237E-8,3.74654E-8) unif(8.5676E-29,1.15963E-28) unif(2.2283E-5,4.14176E-5) 
Bivalve 
mollusc unif(5.53027E-8,1.85154E-7) unif(5.12723E-29,6.93972E-29) unif(4.05813E-5,7.55341E-5) 
Crustacean unif(1.50472E-8,2.98157E-8) unif(1.41298E-28,1.1428E-16) unif(1.96857E-5,3.6578E-5) 
Gastropod unif(1.14453E-6,2.13467E-6) unif(1.81978E-29,1.58064E-17) unif(1.08815E-4,2.03372E-4) 
Insect larvae unif(3.56808E-8,6.89974E-8) unif(1.07121E-28,8.90461E-17) unif(2.69647E-5,5.01204E-5) 
Mammal unif(6.56219E-6,9.53207E-6) unif(1.44594E-28,5.13429E-16) unif(2.55725E-5,5.13527E-5) 
Pelagic fish   unif(4.35302E-29,3.60389E-17) unif(1.17962E-4,3.06579E-4) 
Phytoplankton unif(2.03417E-8,4.14854E-8) unif(0.0,2.82277E-16) unif(9.42606E-7,1.77804E-6) 
Vascular plant unif(1.97287E-8,3.88881E-8) unif(1.17145E-28,9.57378E-17) unif(2.2282E-5,4.14055E-5) 
Zooplankton unif(1.01031E-7,1.91969E-7) unif(7.01046E-29,5.78217E-17) unif(4.05765E-5,7.54746E-5) 
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Table A-50. Selenium-79. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian unif(1.68242E-6,2.77957E-6) unif(7.70511E-13,1.31985E-12) unif(1.77606E-5,3.44117E-5) 
Benthic fish   unif(1.09287E-13,1.87883E-13) unif(3.92175E-5,8.41927E-5) 
Bird unif(3.87859E-6,5.83646E-6) unif(6.06386E-13,1.04021E-12) unif(2.29268E-5,4.51266E-5) 
Bivalve 
mollusc   unif(4.45077E-12,7.87168E-12) unif(2.04429E-5,3.94428E-5) 
Crustacean   unif(2.45063E-13,4.20301E-13) unif(3.81086E-5,7.94502E-5) 
Gastropod   unif(2.60737E-12,4.64267E-12) unif(3.70766E-7,7.56312E-7) 
Insect larvae unif(2.19896E-6,3.57158E-6) unif(6.47973E-13,1.11056E-12) unif(1.9809E-5,3.85747E-5) 
Mammal unif(1.06934E-5,1.43991E-5) unif(3.92653E-13,6.73296E-13) unif(3.06429E-5,6.17323E-5) 
Pelagic fish unif(2.82646E-7,9.49935E-7) unif(2.71466E-28,1.48978E-11) unif(1.90492E-5,3.62306E-5) 
Phytoplankton unif(3.02968E-5,5.66368E-5) unif(3.49619E-29,2.17551E-12) unif(7.06736E-5,1.6535E-4) 
Vascular plant unif(7.45157E-7,2.21937E-6) unif(2.05803E-28,1.18627E-11) unif(2.54684E-5,4.91988E-5) 
Zooplankton   unif(2.77797E-28,1.08805E-10) unif(2.18203E-5,4.20497E-5) 
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Table A-51. Technetium-99. 

DCC_ext_beta_gamma DCC_ext_low_beta DCC_int_beta_gamma 
Amphibian   unif(8.36311E-29,4.78607E-12) unif(5.45242E-5,1.24433E-4) 
Benthic fish unif(3.18614E-7,7.11237E-7) unif(0.0,6.66097E-11) unif(4.7378E-7,1.39029E-6) 
Bird unif(3.8154E-7,1.25772E-6) unif(2.25061E-28,1.25856E-11) unif(2.14367E-5,4.09359E-5) 
Bivalve 
mollusc unif(2.37467E-6,5.93316E-6) unif(1.34686E-28,7.65636E-12) unif(3.65622E-5,7.25293E-5) 
Crustacean unif(4.91988E-7,1.75312E-6) unif(2.38301E-28,7.70513E-13) unif(1.84798E-5,3.59573E-5) 
Gastropod unif(3.5089E-5,9.38897E-5) unif(3.06907E-29,1.09287E-13) unif(4.44192E-5,1.59238E-4) 
Insect larvae unif(1.32791E-6,4.0297E-6) unif(1.80661E-28,6.06388E-13) unif(2.4193E-5,4.84312E-5) 
Mammal   unif(2.43859E-28,4.45077E-12) unif(2.11844E-5,4.12688E-5) 
Pelagic fish   unif(7.34141E-29,2.45064E-13) unif(4.21806E-5,1.13244E-4) 
Phytoplankton unif(5.9103E-7,8.18438E-7) unif(0.0,2.60737E-12) unif(3.9874E-7,1.03615E-6) 
Vascular plant unif(6.63467E-7,2.29091E-6) unif(1.97566E-28,6.47974E-13) unif(2.07065E-5,4.05634E-5) 
Zooplankton unif(3.86341E-6,1.10566E-5) unif(1.18232E-28,3.92654E-13) unif(3.29857E-5,7.05758E-5) 

 

135



 136  
 

A5.  Sediment-water distribution coefficients (L/kg) 
 
Table A-52. Kd. 

  Value Distribution 
C-14 5 exp(5.0) 
Cl-36 1 exp(1.0) 
Cs-135 137000 logn(137000.0,633000.0,0.0)
I-129 300 exp(300.0) 
Nb-94 800000 exp(800000.0) 
Ni-59 20000 exp(20000.0) 
Se-79 3000 exp(3000.0) 
Tc-99 5 exp(5.0) 

 

A6.  Weighting factors 
Table A-53. Weighting factors. 

  value distribution 
w_Alpha 1.00E+01 unif(1.0,20.0)
w_LowBeta 3.00E+00   
W_Gamma  1.00E+00 

 



   
 

APPENDIX B SENSITIVITY ANALYSIS – DETAILED RESULTS  

Full results from the sensitivity analysis for the three test cases (freshwater (Posiva), terrestrial (Posiva) and terrestrial (NDA RWMD) are 
provided in the following tables. Highlighted cells indicate the parameters contributing most to the variance in dose rate estimates for each 
reference organism. 

 

B1. Test case 1 – freshwater (Posiva) 
Table B-1. SRCC results for C-14. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.99 0.99 0.99 0.99 0.98 0.99 0.95 0.99 0.99 0.98 0.99 0.99 
DCC_ext_beta_gamma -0.01 -0.01 0.00 -0.02 0.00 0.00 0.01 -0.01 0.00 0.01 0.01 0.00 
DCC_ext_low_beta 0.00 -0.01 0.00 0.00 -0.02 0.00 -0.01 0.02 0.00 0.00 0.00 -0.02 
DCC_int_beta_gamma 0.13 0.15 0.15 0.15 0.18 0.16 0.32 0.15 0.16 0.15 0.16 0.16 
Kd 0.00 -0.01 0.01 0.00 0.00 0.03 -0.01 0.01 0.00 0.01 0.01 0.01 
w_Alpha -0.01 0.01 0.01 0.01 0.01 -0.01 0.00 0.00 0.02 -0.01 0.00 0.01 

 
Table B-2. First order sensitivity results for C-14. 

Statistics Amphibian 
Benthic 
fish Bird 

Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.87 0.87 0.87 0.87 0.85 0.88 0.76 0.87 0.87 0.87 0.88 0.87 
DCC_ext_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma 0.02 0.03 0.03 0.03 0.04 0.03 0.10 0.03 0.03 0.03 0.03 0.03 
Kd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-3. SRCC results for Cl-36. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.99 0.86 0.99 0.98 0.94 0.98 0.97 0.99 0.99 0.98 0.93 0.95 
DCC_ext_beta_gamma 0.01 0.00 -0.01 -0.01 -0.01 0.00 0.01 0.00 0.01 n.v 0.01 -0.01 
DCC_ext_low_beta 0.01 0.00 0.00 0.01 0.00 -0.01 0.01 -0.01 0.00 0.02 -0.01 -0.01 
DCC_int_beta_gamma 0.16 0.46 0.16 0.19 0.31 0.16 0.21 0.16 0.15 0.19 0.32 0.30 
Kd 0.01 -0.01 0.00 0.01 0.00 0.00 0.02 0.00 -0.01 0.01 0.01 -0.01 
w_Alpha -0.01 0.00 0.00 -0.01 0.00 -0.02 0.00 0.00 -0.02 0.01 0.01 0.00 

 

Table B-4. First order sensitivity results for Cl-36. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.86 0.72 0.87 0.84 0.74 0.86 0.82 0.86 0.87 0.85 0.77 0.76 
DCC_ext_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma 0.03 0.19 0.03 0.05 0.10 0.03 0.05 0.03 0.03 0.04 0.08 0.09 
Kd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table B-5. SRCC results for I-129. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.99 0.91 0.99 0.46 0.92 0.52 0.93 0.99 0.99 0.99 0.94 0.99 
DCC_ext_beta_gamma 0.00 0.04 0.01 0.12 0.01 n.v n.v 0.02 0.00 n.v n.v n.v 
DCC_ext_low_beta -0.02 0.00 0.00 0.01 -0.02 -0.01 -0.01 0.00 -0.02 -0.01 0.02 0.01 
DCC_int_beta_gamma 0.12 0.09 0.11 0.13 0.23 0.06 0.09 0.13 0.12 0.12 0.15 0.15 
Kd -0.01 0.30 0.00 0.81 0.23 0.79 0.28 0.01 -0.01 -0.01 0.25 -0.01 
w_Alpha 0.00 -0.02 0.00 -0.01 0.00 -0.01 -0.02 -0.01 0.00 0.00 -0.01 0.00 
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Table B-6. First order sensitivity results for I-129. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.88 0.55 0.88 0.18 0.82 0.25 0.85 0.89 0.56 0.55 0.79 0.76 
DCC_ext_beta_gamma 0.00 0.00 0.00 0.02 0.00 n.v n.v 0.00 0.00 
DCC_ext_low_beta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma 0.02 0.01 0.02 0.01 0.05 0.00 0.01 0.02 0.01 0.01 0.02 0.02 
Kd 0.00 0.01 0.00 0.68 0.05 0.67 0.05 0.00 0.00 0.00 0.03 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Table B-7. SRCC results for Nb-94. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.97 0.01 0.97 0.00 -0.01 0.00 -0.01 0.94 0.84 0.98 0.00 0.97 
DCC_ext_beta_gamma n.v n.v 0.02 0.03 n.v n.v n.v 0.01 n.v n.v n.v n.v 
DCC_ext_low_beta 0.00 0.00 0.00 -0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
DCC_int_beta_gamma 0.22 0.00 0.24 0.00 -0.01 0.00 0.01 0.31 0.52 0.17 0.00 0.25 
Kd 0.00 1.00 0.00 1.00 1.00 1.00 1.00 0.01 0.01 0.00 1.00 -0.01 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 -0.01 

 
Table B-8. First order sensitivity results for Nb-94. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.82 0.00 0.81 0.00 0.00 0.00 0.00 0.76 0.70 0.86 0.00 0.82 
DCC_ext_beta_gamma n.v n.v 0.00 0.00 n.v n.v n.v 0.00 n.v n.v n.v n.v 
DCC_ext_low_beta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma 0.05 0.00 0.06 0.00 0.00 0.00 0.00 0.10 0.22 0.04 0.00 0.07 
Kd 0.00 0.92 0.00 0.92 0.92 0.92 0.92 0.00 0.00 0.00 0.92 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-9. SRCC results for Ni-59. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 1.00 0.40 1.00 0.99 0.56 1.00 0.35 1.00 1.00 0.98 0.13 1.00 
DCC_ext_beta_gamma 0.01 0.40 0.01 0.04 0.10 0.02 0.04 0.00 0.00 n.v 0.19 -0.01 
DCC_ext_low_beta n.v -0.01 0.00 n.v -0.01 -0.02 0.01 n.v -0.02 0.00 0.01 0.00 
DCC_int_beta_gamma 0.02 0.02 0.01 0.03 0.03 0.02 0.00 0.01 0.03 0.16 0.01 0.02 
Kd -0.01 0.76 -0.01 0.06 0.77 0.05 0.89 0.00 0.01 0.00 0.97 -0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.01 0.00 -0.01 0.00 -0.01 0.01 0.00 

 
Table B-10. First order sensitivity results for Ni-59. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.92 0.09 0.92 0.92 0.29 0.92 0.09 0.92 0.92 0.86 0.01 0.92 
DCC_ext_beta_gamma 0.00 0.15 0.00 0.00 0.01 0.00 0.00 0.00 0.00 n.v 0.04 0.00 
DCC_ext_low_beta n.v 0.00 0.00 n.v 0.00 0.00 0.00 n.v 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 
Kd 0.00 0.57 0.00 0.00 0.62 0.00 0.82 0.00 0.00 0.00 0.83 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-11. SRCC results for Se-79. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.99 0.98 0.99 0.99 0.98 0.99 0.99 0.99 0.99 0.98 0.98 0.98 
DCC_ext_beta_gamma 0.00 0.03 0.00 0.00 0.00 -0.01 0.00 0.00 -0.01 0.03 0.02 0.00 

DCC_ext_low_beta 0.00 0.00 
-

0.01 -0.01 -0.02 -0.02 -0.02 0.00 0.00 0.00 0.00 0.01 
DCC_int_beta_gamma 0.14 0.14 0.17 0.14 0.20 0.15 0.17 0.15 0.14 0.15 0.15 0.16 
Kd 0.01 0.05 0.00 -0.01 0.02 -0.02 0.03 -0.02 0.01 0.00 0.06 0.00 
w_Alpha -0.01 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 

 

Table B-10. First order sensitivity results for Se-79. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish Phytoplankton 

Vascular 
plant Zooplankton 

CR 0.87 0.86 0.88 0.88 0.86 0.87 0.87 0.88 0.87 0.87 0.87 0.86 
DCC_ext_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma 0.03 0.03 0.03 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.04 
Kd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-11. SRCC results for total dose rate. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish 

Phyto-
plankton 

Vascular 
plant 

Zoo- 
plankton 

CR[C] 0.99 0.99 0.99 0.99 0.98 0.99 0.95 0.99 0.99 0.98 0.99 0.99 
CR[Cl] 0.01 -0.01 0.01 0.00 0.01 -0.01 -0.02 0.00 0.02 0.00 0.00 0.01 
CR[Cs] -0.01 -0.02 0.02 -0.01 0.01 0.01 0.00 -0.01 0.01 0.02 0.01 -0.01 
CR[I] 0.01 0.01 -0.02 0.00 0.00 0.02 0.01 -0.01 0.01 0.00 0.03 -0.01 
CR[Nb] 0.02 0.01 -0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 -0.01 
CR[Ni] 0.00 0.00 0.00 0.00 -0.01 0.01 0.00 0.01 0.00 0.00 -0.01 -0.01 
CR[Se] 0.00 0.01 0.01 0.02 0.01 0.01 0.00 0.00 0.00 0.02 0.00 0.00 
CR[Tc] -0.01 0.00 -0.01 0.02 0.02 0.00 0.01 -0.01 0.01 0.00 0.01 0.01 
DCC_ext_beta_gamma[C] -0.01 -0.01 0.00 -0.02 0.00 0.00 0.01 -0.01 0.00 0.01 0.01 0.00 
DCC_ext_beta_gamma[Cl] 0.01 0.00 0.00 -0.02 0.00 0.02 -0.01 -0.02 0.00 n.v -0.01 0.01 
DCC_ext_beta_gamma[Cs] 0.01 0.00 0.01 0.00 0.01 0.00 -0.01 -0.01 0.01 0.01 0.00 0.00 
DCC_ext_beta_gamma[I] -0.01 0.00 -0.01 0.00 0.01 n.v n.v 0.00 -0.01 n.v n.v n.v 
DCC_ext_beta_gamma[Nb] n.v n.v 0.01 0.00 n.v n.v n.v 0.00 n.v n.v n.v n.v 
DCC_ext_beta_gamma[Ni] 0.01 0.01 -0.02 0.00 -0.01 0.01 0.01 -0.02 0.00 n.v -0.01 0.03 
DCC_ext_beta_gamma[Se] 0.00 0.01 0.00 -0.01 0.00 -0.01 -0.02 0.00 0.01 0.00 0.01 0.00 
DCC_ext_beta_gamma[Tc] 0.00 0.00 -0.01 0.02 0.02 0.01 0.01 0.01 0.00 0.01 0.00 -0.03 
DCC_ext_low_beta[C] 0.00 -0.01 0.00 0.00 -0.02 0.00 -0.01 0.02 0.00 0.00 0.00 -0.02 
DCC_ext_low_beta[Cl] -0.01 -0.01 0.00 0.02 0.01 -0.01 0.02 -0.01 0.00 0.00 -0.01 0.01 
DCC_ext_low_beta[Cs] 0.00 0.01 0.01 0.03 0.00 0.00 -0.01 -0.01 0.01 0.00 0.00 0.01 
DCC_ext_low_beta[I] 0.02 0.01 -0.02 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 -0.01 
DCC_ext_low_beta[Ni] n.v 0.00 0.00 n.v -0.02 n.v -0.01 n.v -0.01 0.00 0.01 0.01 
DCC_ext_low_beta[Nb] 0.01 0.01 0.00 0.00 -0.01 0.00 0.01 0.00 -0.01 -0.01 0.00 0.00 
DCC_ext_low_beta[Se] -0.02 0.00 0.01 0.00 0.01 -0.02 0.00 0.02 0.00 0.00 -0.02 0.00 
DCC_ext_low_beta[Tc] 0.00 -0.01 -0.01 0.00 0.01 0.01 -0.01 -0.01 0.01 0.00 -0.01 0.01 
DCC_int_beta_gamma[C] 0.13 0.15 0.15 0.15 0.18 0.16 0.32 0.15 0.16 0.15 0.16 0.16 
DCC_int_beta_gamma[Cl] 0.01 0.00 0.00 -0.01 0.01 0.01 -0.01 0.00 0.01 0.00 0.00 0.00 
DCC_int_beta_gamma[Cs] 0.01 0.01 0.00 0.00 0.01 -0.02 -0.01 -0.01 -0.01 -0.01 0.00 0.00 
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Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish 

Phyto-
plankton 

Vascular 
plant 

Zoo- 
plankton 

DCC_int_beta_gamma[I] 0.00 0.00 0.02 0.00 -0.01 -0.01 -0.01 0.00 0.00 0.01 0.00 0.01 
DCC_int_beta_gamma[Nb] -0.01 0.00 0.01 0.02 -0.02 0.01 0.01 0.00 -0.01 -0.02 0.01 0.00 
DCC_int_beta_gamma[Ni] 0.00 0.00 0.01 0.00 -0.01 0.01 0.02 0.00 0.00 -0.01 -0.01 0.00 
DCC_int_beta_gamma[Se] 0.00 0.00 0.01 0.00 0.00 0.00 -0.01 0.01 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Tc] 0.00 -0.01 0.00 -0.01 -0.01 0.00 -0.02 0.01 0.01 0.01 0.01 0.00 
Kd[C] 0.00 -0.01 0.01 0.00 0.00 0.03 -0.01 0.01 0.00 0.01 0.01 0.01 
Kd[Cl] 0.01 0.01 -0.01 0.01 -0.02 0.00 0.02 -0.02 0.03 0.00 -0.01 -0.01 
Kd[Cs] -0.01 -0.01 0.00 0.00 0.01 -0.01 0.00 0.01 0.01 -0.01 0.00 0.01 
Kd[I] -0.01 0.00 -0.01 0.01 0.01 -0.01 -0.01 0.00 0.00 0.01 0.01 0.00 
Kd[Nb] 0.02 0.00 0.01 -0.01 0.01 0.00 -0.01 0.00 0.00 0.01 0.00 0.00 
Kd[Ni] -0.01 0.00 -0.01 0.01 0.01 0.00 -0.01 0.01 -0.02 -0.02 0.02 -0.01 
Kd[Se] -0.01 0.01 0.00 0.01 -0.01 0.02 -0.01 0.01 0.00 0.01 -0.01 0.00 
Kd[Tc] 0.01 0.02 -0.01 0.00 -0.01 0.00 -0.02 0.00 -0.01 0.01 0.00 0.01 
w_Alpha -0.01 0.01 0.01 0.01 0.01 -0.01 0.00 0.00 0.02 -0.01 0.00 0.01 

Table B-12. First order sensitivity results for total dose rate. 

Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish 

Phyto-
plankton 

Vascular 
plant 

Zoo- 
plankton 

CR[C] 0.87 0.87 0.87 0.87 0.85 0.88 0.76 0.87 0.87 0.87 0.88 0.87 
CR[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[I] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Nb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_beta_gamma[C] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_beta_gamma[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.v 0.00 0.00 
DCC_ext_beta_gamma[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_beta_gamma[I] 0.00 0.00 0.00 0.00 0.00 n.v n.v 0.00 0.00 n.v n.v n.v 
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Statistics Amphibian 
Benthic 

fish Bird 
Bivalve 
mollusc Crustacean Gastropod 

Insect 
larvae Mammal 

Pelagic 
fish 

Phyto-
plankton 

Vascular 
plant 

Zoo- 
plankton 

DCC_ext_beta_gamma[Nb] n.v n.v 0.00 0.00 n.v n.v n.v 0.00 n.v n.v n.v n.v 
DCC_ext_beta_gamma[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.v n.v 0.00 0.00 
DCC_ext_beta_gamma[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_beta_gamma[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[C] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[I] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[Ni] n.v 0.00 0.00 n.v 0.00 n.v 0.00 n.v 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[Nb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_low_beta[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[C] 0.02 0.03 0.03 0.03 0.04 0.03 0.10 0.03 0.03 0.03 0.03 0.03 
DCC_int_beta_gamma[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[I] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Nb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[C] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[I] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[Nb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kd[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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B2. Test case 2 – terrestrial (Posiva) 

 

Table B-13. SRCC results for C-14. 

Statistics Amphibian  Bird 
Bird 
egg  

Detrit. 
Invert. 

Flying 
insects Gastropod 

Grasses 
& 

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil 
Invert. 
(worm) Tree  

CR 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 
DCC_int_beta_gamma 0.16 0.15 0.13 0.13 0.16 0.18 0.15 0.15 0.15 0.14 0.15 0.15 0.15 0.15 
w_Alpha 0.00 0.00 -0.02 -0.02 0.00 0.01 0.00 -0.01 0.00 -0.02 0.01 -0.02 -0.02 -0.01 

 

Table B-14. First order sensitivity results for C-14. 

Statistics Amphibian  Bird 
Bird 
egg  

Detrit. 
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen &  

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm) Tree  

CR 0.87 0.86 0.88 0.88 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.88 0.88 
DCC_int_beta_gamma 0.03 0.03 0.02 0.02 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
Table B-15. SRCC results for Cl-36. 

Statistics Amphibian Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.98 0.99 0.99 0.89 0.99 0.95 0.97 0.98 0.99 0.99 0.98 0.99 0.86 0.97 
DCC_ext_in_soil_beta_gamma -0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.03 n.v n.v n.v 
DCC_int_beta_gamma 0.18 0.14 0.14 0.44 0.17 0.30 0.23 0.17 0.15 0.16 0.15 0.16 0.49 0.23 
w_Alpha -0.02 0.00 -0.01 0.00 0.00 0.01 0.02 0.01 -0.01 0.01 0.00 0.01 -0.01 0.01 
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Table B-16. First order sensitivity results for Cl-36. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.85 0.87 0.86 0.76 0.87 0.80 0.77 0.85 0.87 0.87 0.86 0.55 0.72 0.80 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.04 0.03 0.03 0.18 0.03 0.07 0.04 0.03 0.03 0.03 0.04 0.01 0.22 0.04 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table B-17. SRCC results for Ni-59. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 
DCC_ext_in_soil_beta_gamma -0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.03 0.01 n.v n.v n.v 
DCC_int_beta_gamma 0.04 0.01 0.05 0.02 0.01 0.05 0.01 0.02 0.05 0.00 0.02 0.05 0.04 0.14 
w_Alpha -0.01 -0.02 0.00 0.00 0.00 0.02 0.02 0.01 0.00 -0.01 -0.01 0.01 0.00 -0.02 

 

Table B-18. First order sensitivity results for Ni-59. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.92 0.92 0.92 0.92 0.92 0.91 0.38 0.92 0.69 0.71 0.92 0.54 0.79 0.95 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-19. SRCC results for Se-79. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.99 0.99 0.97 0.99 0.99 1.00 1.00 0.99 0.97 0.99 0.99 
DCC_int_beta_gamma 0.14 0.15 0.17 0.15 0.13 0.21 0.10 0.15 0.09 0.07 0.15 0.23 0.14 0.14 
w_Alpha -0.02 0.00 0.01 0.00 0.01 -0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 -0.01 

 

Table B-20. First order sensitivity results for Se-79. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.87 0.87 0.87 0.88 0.87 0.78 0.31 0.88 0.25 0.14 0.88 0.81 0.87 0.88 
DCC_int_beta_gamma 0.03 0.03 0.03 0.03 0.02 0.03 0.00 0.03 0.00 0.00 0.03 0.04 0.02 0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
Table B-21. SRCC results for Nb-94. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.94 0.97 0.97 0.99 0.99 0.98 0.97 0.98 0.95 0.97 0.97 0.93 0.98 0.96 
DCC_ext_in_soil_beta_gamma -0.01 n.v n,v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.31 0.22 0.24 0.15 0.14 0.18 0.20 0.16 0.19 0.21 0.22 0.36 0.17 0.24 
w_Alpha 0.00 0.00 0.00 -0.02 0.01 0.02 0.01 -0.02 0.00 -0.01 0.01 0.00 0.00 -0.01 
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Table B-22. First order sensitivity results for Nb-94. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.75 0.82 0.82 0.86 0.87 0.85 0.84 0.87 0.83 0.82 0.81 0.73 0.87 0.80 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.10 0.06 0.06 0.03 0.03 0.04 0.05 0.03 0.04 0.05 0.06 0.12 0.03 0.07 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table B-23. SRCC results for I-129. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.96 0.99 0.92 1.00 0.99 0.99 0.99 0.99 0.99 0.95 0.99 
DCC_ext_in_soil_beta_gamma -0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.03 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.12 0.11 0.12 0.27 0.10 0.38 0.10 0.09 0.14 0.12 0.10 0.14 0.29 0.13 
w_Alpha -0.01 0.02 0.01 0.00 0.01 0.00 0.02 0.00 -0.01 0.01 -0.01 0.00 0.01 0.02 

 
Table B-24. First order sensitivity results for I-129. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.88 0.89 0.89 0.86 0.90 0.82 0.48 0.90 0.89 0.89 0.89 0.88 0.86 0.88 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.02 0.02 0.02 0.07 0.01 0.14 0.00 0.01 0.02 0.02 0.01 0.02 0.08 0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-25. SRCC results for total dose rate. 

Statistics Amphibian Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm)  Tree  

CR[C] 0.00 0.01 -0.02 0.11 0.05 0.13 0.00 0.04 0.00 0.01 0.01 0.05 0.16 0.05 
CR[Cl] 0.98 0.99 0.39 0.87 0.96 0.93 0.97 0.97 0.99 0.99 0.98 0.99 0.83 0.97 
CR[Cs] -0.01 -0.01 0.00 0.01 0.01 0.00 0.02 0.00 0.00 0.03 0.00 0.01 -0.01 0.01 
CR[I] 0.02 0.00 0.86 0.12 0.16 0.08 -0.01 0.07 0.02 0.01 0.00 0.03 0.10 0.01 
CR[Nb] 0.00 0.01 0.00 0.00 -0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 -0.01 -0.01 
CR[Ni] -0.01 0.00 0.02 0.01 0.00 -0.01 0.00 -0.02 0.01 -0.01 0.00 0.01 0.00 0.00 
CR[Se] 0.00 0.00 0.02 0.02 0.01 0.01 0.00 0.08 0.00 0.01 0.01 0.01 0.04 0.01 
CR[Tc] -0.01 0.01 -0.01 0.00 0.00 0.01 0.00 0.01 0.02 0.00 0.02 0.00 -0.01 0.01 
DCC_ext_in_soil_beta_gamma[Cl] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.03 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[I] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.01 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Nb] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Ni] 0.02 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.01 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Cl] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[I] n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Nb] n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Ni] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_int_beta_gamma[C] 0.01 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.02 0.02 0.01 0.03 0.00 
DCC_int_beta_gamma[Cl] 0.18 0.14 0.06 0.44 0.17 0.29 0.23 0.17 0.15 0.16 0.15 0.16 0.47 0.23 
DCC_int_beta_gamma[Cs] 0.00 0.00 -0.01 -0.01 0.01 -0.01 0.01 -0.02 -0.02 0.00 0.01 -0.01 0.00 0.01 
DCC_int_beta_gamma[I] 0.00 -0.01 0.11 0.03 0.02 0.03 -0.01 0.01 0.00 -0.01 0.01 0.02 0.03 0.01 
DCC_int_beta_gamma[Nb] 0.00 -0.03 0.00 -0.02 0.00 0.01 0.00 -0.01 0.00 -0.01 -0.01 0.01 0.00 0.00 
DCC_int_beta_gamma[Ni] 0.01 0.01 -0.01 0.01 0.00 -0.01 0.01 0.00 0.02 -0.01 -0.01 0.00 0.02 0.02 
DCC_int_beta_gamma[Se] -0.02 0.00 0.00 0.00 0.00 -0.01 0.01 0.01 -0.01 0.01 0.00 0.02 0.00 0.00 
DCC_int_beta_gamma[Tc] -0.01 -0.01 0.00 0.01 0.02 0.00 -0.01 0.01 0.01 0.01 0.00 0.00 -0.01 0.01 
w_Alpha -0.02 0.00 0.00 -0.01 0.00 0.00 0.02 0.01 -0.01 0.01 0.00 0.01 -0.01 0.01 
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Table B-26. First order sensitivity results for total dose rate. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm)  Tree  

CR[C] 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
CR[Cl] 0.85 0.87 0.11 0.75 0.86 0.79 0.77 0.85 0.87 0.87 0.86 0.55 0.70 0.80 
CR[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[I] 0.00 0.00 0.77 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
CR[Nb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_in_soil_beta_gamma[Cl] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[I] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Nb] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Ni] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Cl] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[I] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Nb] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Ni] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_int_beta_gamma[C] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Cl] 0.04 0.03 0.00 0.18 0.03 0.07 0.04 0.03 0.03 0.03 0.04 0.01 0.21 0.04 
DCC_int_beta_gamma[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[I] 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Nb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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B3. Test case 3 – terrestrial (NDA RWMD) 

 
Table B-27. SRCC results for C-14. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 
DCC_int_beta_gamma 0.14 0.15 0.16 0.14 0.15 0.15 0.15 0.14 0.14 0.14 0.15 0.15 0.16 0.15 
w_Alpha 0.01 0.00 0.01 0.00 0.01 -0.01 -0.02 0.00 0.01 0.00 0.02 0.02 0.01 0.00 

 
Table B-28. First order sensitivity results for C-14. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.88 0.87 0.87 0.87 0.88 0.87 0.88 0.88 0.88 0.88 0.87 0.87 0.87 0.88 
DCC_int_beta_gamma 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table B-29. SRCC results for Cl-36. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.98 0.99 0.99 0.89 0.99 0.95 0.97 0.98 0.99 0.99 0.98 0.99 0.86 0.97 
DCC_ext_in_soil_beta_gamma -0.02 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.19 0.15 0.16 0.44 0.15 0.29 0.25 0.16 0.15 0.16 0.15 0.14 0.49 0.24 
w_Alpha -0.01 -0.01 0.00 0.00 -0.02 -0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.00 
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Table B-30. First order sensitivity results for Cl-36. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.85 0.87 0.87 0.76 0.87 0.80 0.76 0.86 0.88 0.87 0.87 0.54 0.72 0.80 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.04 0.03 0.03 0.17 0.03 0.08 0.05 0.03 0.03 0.03 0.03 0.01 0.21 0.05 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
Table B-31. SRCC results for Ni-59. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 
DCC_ext_in_soil_beta_gamma -0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.03 -0.01 n.v n.v n.v 
DCC_int_beta_gamma 0.04 0.02 0.03 0.00 0.04 0.05 0.03 0.02 0.02 0.04 0.03 0.03 0.03 0.11 
w_Alpha 0.00 -0.01 0.00 0.01 -0.01 0.00 0.00 -0.01 -0.02 0.01 0.02 0.01 -0.02 0.00 

 

Table B-32. First order sensitivity results for Ni-59. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.92 0.92 0.92 0.92 0.92 0.91 0.37 0.92 0.71 0.70 0.92 0.52 0.76 0.95 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-33. SRCC results for Se-79. 

Statistics Amphibian  Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.99 0.99 0.97 0.99 0.99 1.00 1.00 0.99 0.97 0.99 0.99 
DCC_int_beta_gamma 0.14 0.14 0.16 0.14 0.14 0.22 0.10 0.16 0.08 0.09 0.14 0.25 0.13 0.13 
w_Alpha -0.01 0.01 -0.01 0.00 -0.01 0.00 -0.02 0.01 0.01 0.00 0.00 0.00 -0.01 0.00 

 
Table B-34. First order sensitivity results for Se-79. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.87 0.87 0.87 0.88 0.87 0.78 0.05 0.87 0.23 0.22 0.87 0.81 0.88 0.87 
DCC_int_beta_gamma 0.02 0.03 0.03 0.02 0.03 0.03 0.00 0.03 0.00 0.00 0.03 0.05 0.02 0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table B-35. SRCC results for Tc-99. 

Statistics Amphibian  Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.97 0.99 0.99 0.99 0.99 0.99 0.95 0.99 0.99 0.99 0.99 0.99 0.99 0.99 
DCC_int_beta_gamma 0.21 0.15 0.14 0.15 0.17 0.15 0.28 0.14 0.16 0.14 0.15 0.15 0.15 0.16 
w_Alpha 0.01 0.01 -0.02 0.00 0.01 -0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.00 -0.02 
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Table B-36. First order sensitivity results for Tc-99. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.77 0.87 0.87 0.87 0.87 0.87 0.81 0.87 0.87 0.87 0.87 0.86 0.87 0.87 
DCC_int_beta_gamma 0.04 0.03 0.03 0.03 0.04 0.03 0.07 0.02 0.03 0.03 0.03 0.03 0.03 0.03 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table B-37. SRCC results for I-129. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.96 0.99 0.92 1.00 0.99 0.99 0.99 0.99 0.99 0.95 0.99 
DCC_ext_in_soil_beta_gamma -0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.01 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.13 0.12 0.13 0.26 0.10 0.37 0.10 0.11 0.13 0.13 0.12 0.14 0.29 0.11 
w_Alpha 0.01 0.00 0.00 0.02 0.02 -0.02 0.01 0.02 0.02 0.01 0.01 0.00 0.01 0.00 

 

Table B-38. First order sensitivity results for I-129. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.87 0.88 0.89 0.86 0.90 0.82 0.49 0.90 0.89 0.89 0.89 0.88 0.86 0.90 
DCC_ext_in_soil_beta_gamma 0.00                 0.00 0.00       
DCC_int_beta_gamma 0.02 0.02 0.02 0.06 0.01 0.13 0.00 0.02 0.02 0.02 0.02 0.02 0.08 0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-39. SRCC results for Cs-135. 

Statistics Amphibian  Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.99 0.99 0.96 0.99 0.96 0.99 0.99 0.99 0.98 0.99 0.99 
DCC_int_beta_gamma 0.13 0.13 0.12 0.10 0.10 0.27 0.15 0.25 0.14 0.17 0.12 0.18 0.13 0.15 
w_Alpha 0.00 -0.02 -0.03 0.00 -0.01 -0.02 0.00 -0.01 0.00 -0.01 0.00 0.01 -0.01 0.00 

Table B-40. First order sensitivity results for Cs-135. 

Statistics Amphibian  Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses 
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.67 0.43 0.53 0.30 0.21 0.82 0.63 0.79 0.67 0.66 0.43 0.70 0.55 0.66 
DCC_int_beta_gamma 0.01 0.01 0.01 0.00 0.00 0.06 0.01 0.05 0.01 0.01 0.01 0.02 0.01 0.01 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Table B-41. SRCC results for Pb-210. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.99 0.99 0.99 0.94 0.73 0.99 0.99 0.96 0.98 0.97 0.99 0.99 0.99 0.99 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.01 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.12 0.10 0.15 0.33 0.65 0.16 0.10 0.28 0.18 0.21 0.17 0.14 0.14 0.17 
w_Alpha 0.00 0.00 0.00 -0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.02 -0.01 0.01 

Table B-42. First order sensitivity results for Pb-210. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.26 0.44 0.88 0.81 0.56 0.57 0.39 0.79 0.78 0.78 0.86 0.59 0.62 0.66 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.01 0.03 0.10 0.40 0.01 0.01 0.06 0.03 0.03 0.03 0.01 0.01 0.02 
w_Alpha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table B-43. SRCC results for Po-210. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.84 0.84 0.85 0.84 0.84 0.84 0.89 0.58 0.61 0.61 0.84 0.63 0.84 0.61 
DCC_ext_in_soil_beta_gamma 0.02 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 -0.02 0.00 0.01 0.00 0.01 0.01 0.00 -0.02 0.00 0.00 0.01 -0.01 0.01 
w_Alpha 0.49 0.48 0.50 0.48 0.49 0.49 0.41 0.77 0.77 0.76 0.49 0.73 0.48 0.74 

 

Table B-44. First order sensitivity results for Po-210. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.60 0.59 0.60 0.58 0.60 0.61 0.36 0.41 0.44 0.43 0.60 0.46 0.60 0.44 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.18 0.17 0.19 0.17 0.18 0.18 0.04 0.42 0.41 0.42 0.18 0.36 0.18 0.38 

 

Table B-45. SRCC results for Ra-226.  

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.84 0.84 0.84 0.84 0.84 0.76 0.81 0.38 0.80 0.81 0.84 0.47 0.84 0.79 
DCC_ext_in_soil_beta_gamma 0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.01 -0.02 0.00 0.00 0.00 -0.01 0.00 0.00 0.02 0.01 0.02 
w_Alpha 0.49 0.47 0.48 0.48 0.48 0.60 0.54 0.90 0.54 0.54 0.47 0.85 0.48 0.58 
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Table B-46. First order sensitivity results for Ra-226. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.60 0.60 0.59 0.60 0.60 0.52 0.52 0.20 0.51 0.53 0.60 0.30 0.60 0.51 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.18 0.18 0.18 0.18 0.18 0.17 0.11 0.73 0.12 0.12 0.17 0.60 0.18 0.15 

 
Table B-47. SRCC results for Th-230.  

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.66 0.83 0.82 0.84 0.84 0.84 0.77 
DCC_ext_in_soil_beta_gamma 0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.01 -0.01 n.v n.v n.v 
DCC_int_beta_gamma 0.00 -0.01 0.01 0.01 0.02 0.00 0.00 -0.01 0.00 0.02 0.00 0.00 0.00 0.01 
w_Alpha 0.47 0.49 0.49 0.48 0.48 0.48 0.49 0.72 0.51 0.52 0.48 0.49 0.48 0.60 

 
Table B-48. First order sensitivity results for Th-230. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.59 0.59 0.60 0.61 0.59 0.60 0.46 0.48 0.51 0.45 0.60 0.58 0.61 0.53 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.17 0.18 0.18 0.18 0.18 0.18 0.07 0.33 0.09 0.10 0.18 0.18 0.18 0.17 
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Table B-49. SRCC results for Np-237.  

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.85 0.84 0.84 0.95 0.84 0.84 
DCC_ext_in_soil_beta_gamma -0.03 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.01 n.v n.v n.v 
DCC_int_beta_gamma -0.01 -0.02 0.01 -0.01 0.02 0.00 -0.01 -0.02 0.00 -0.02 0.00 0.01 -0.01 0.00 
w_Alpha 0.48 0.48 0.48 0.48 0.49 0.48 0.48 0.50 0.49 0.49 0.47 0.27 0.48 0.48 

 

Table B-50. First order sensitivity results for Np-237. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.59 0.61 0.60 0.59 0.60 0.59 0.59 0.61 0.59 0.61 0.60 0.08 0.61 0.59 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.17 0.18 0.18 0.18 0.18 0.17 0.17 0.19 0.18 0.18 0.17 0.00 0.17 0.18 

 

 
Table B-49. SRCC results for U-238.  

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.84 0.84 0.84 0.84 0.84 0.84 0.90 0.84 0.79 0.80 0.84 0.87 0.84 0.87 
DCC_ext_in_soil_beta_gamma 0.01 n.v n.v n.v n.v n.v n.v n.v n.v 0.01 0.00 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma 0.01 0.01 n.v n.v n.v n.v n.v n.v 0.02 n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.01 0.01 0.00 
w_Alpha 0.48 0.49 0.49 0.48 0.49 0.48 0.39 0.48 0.55 0.56 0.48 0.47 0.48 0.45 
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Table B-50. First order sensitivity results for U-238. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert.
(worm) Tree  

CR 0.58 0.60 0.60 0.61 0.60 0.61 0.36 0.59 0.54 0.52 0.60 0.41 0.60 0.29 
DCC_ext_in_soil_beta_gamma 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma 0.00 0.00 n.v n.v n.v n.v n.v n.v 0.00 n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.17 0.18 0.18 0.17 0.18 0.18 0.03 0.18 0.13 0.13 0.17 0.05 0.18 0.04 

 

Table B-51. SRCC results for total dose rate.  

Statistics Amphibian Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm)  Tree  

CR[C] 0.00 -0.01 0.01 0.01 0.02 0.00 -0.02 0.01 -0.01 0.00 0.02 0.01 0.00 0.01 
CR[Cl] -0.01 0.00 0.03 0.01 0.01 -0.02 0.00 0.02 0.01 0.00 0.00 0.00 0.01 0.00 
CR[Cs] -0.01 0.00 -0.01 0.01 -0.01 -0.02 -0.01 0.00 0.05 0.05 0.05 0.04 0.00 0.00 
CR[I] 0.01 -0.01 0.25 0.01 0.01 0.00 0.00 0.02 0.01 0.01 0.01 0.00 0.00 0.00 
CR[Ni] -0.01 -0.01 0.00 0.00 0.01 0.01 0.01 -0.01 -0.01 0.01 0.02 0.01 -0.01 0.00 
CR[Np] 0.02 0.02 0.02 0.03 0.02 0.06 0.00 0.01 0.03 0.03 0.01 0.10 0.02 0.34 
CR[Pb] 0.01 0.01 0.00 -0.01 0.01 0.00 0.00 0.02 0.00 0.01 0.00 0.04 0.00 0.03 
CR[Po] 0.04 0.02 0.04 0.01 0.01 0.03 0.41 0.52 0.02 0.03 0.03 0.32 0.01 0.41 
CR[Ra] 0.82 0.83 0.78 0.82 0.82 0.71 0.53 0.05 0.77 0.77 0.82 0.23 0.82 0.05 
CR[Se] -0.02 0.00 0.01 0.00 0.00 0.01 0.00 0.01 -0.01 0.02 0.01 0.00 -0.01 0.01 
CR[Tc] 0.00 0.00 -0.01 0.00 0.01 -0.01 0.02 0.00 0.00 -0.02 0.01 0.01 -0.01 -0.01 
CR[Th] 0.00 0.01 0.01 0.02 0.00 0.03 0.08 0.02 0.01 0.01 0.00 0.04 0.02 0.02 
CR[U] -0.01 -0.01 0.02 0.01 0.00 0.01 0.03 0.00 -0.01 0.01 0.01 0.03 0.01 0.03 
DCC_ext_in_soil_beta_gamma[Cl] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[I] 0.01 n.v n.v n.v n.v n.v n.v n.v n.v -0.01 0.01 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Ni] 0.03 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 -0.01 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Np] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.01 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Pb] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v -0.01 0.01 n.v n.v n.v 
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Statistics Amphibian Bird 
Bird
 egg  

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm)  Tree  

DCC_ext_in_soil_beta_gamma[Po] 0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Ra] 0.01 n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Th] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v -0.01 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[U] -0.01 n.v n.v n.v n.v n.v n.v n.v n.v -0.02 -0.01 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Cl] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[I] n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Ni] n.v n.v n.v n.v n.v n.v n.v n.v 0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Np] n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Pb] n.v -0.01 n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Po] n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Ra] n.v n.v n.v n.v n.v n.v n.v n.v -0.01 n.v 0.01 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Th] n.v 0.01 n.v n.v n.v n.v n.v n.v -0.01 n.v -0.01 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[U] 0.00 0.00 n.v n.v n.v n.v n.v n.v 0.01 n.v -0.01 n.v n.v n.v 
DCC_int_beta_gamma[C] 0.00 -0.02 0.01 0.00 -0.01 0.00 0.00 0.01 0.02 0.00 0.01 0.01 -0.01 0.00 
DCC_int_beta_gamma[Cl] 0.00 0.00 0.00 -0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -0.01 0.02 -0.01 
DCC_int_beta_gamma[Cs] 0.00 0.00 0.00 -0.02 -0.01 0.00 -0.01 -0.02 0.03 0.00 0.02 0.02 0.00 -0.02 
DCC_int_beta_gamma[I] 0.00 -0.01 0.04 0.02 0.00 -0.01 0.00 0.03 0.01 0.00 0.01 0.00 -0.01 -0.01 
DCC_int_beta_gamma[Ni] 0.01 -0.02 0.00 -0.02 -0.02 0.01 0.01 0.01 -0.01 0.01 0.01 0.01 -0.01 -0.01 
DCC_int_beta_gamma[Np] 0.01 -0.01 0.01 0.00 -0.01 0.01 0.00 -0.02 -0.01 -0.01 0.00 0.00 0.00 0.01 
DCC_int_beta_gamma[Pb] 0.02 0.00 -0.01 0.00 0.00 -0.01 -0.02 0.00 0.02 0.00 -0.02 -0.01 0.02 0.01 
DCC_int_beta_gamma[Po] -0.01 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.01 0.00 -0.01 0.00 -0.01 0.01 
DCC_int_beta_gamma[Ra] 0.00 0.00 0.00 0.01 -0.02 0.00 0.00 -0.01 -0.01 0.00 0.00 0.01 0.01 -0.01 
DCC_int_beta_gamma[Se] 0.00 0.01 -0.01 0.01 0.01 0.01 -0.02 0.00 -0.01 0.04 0.01 -0.01 -0.01 0.00 
DCC_int_beta_gamma[Tc] -0.02 0.00 0.02 0.00 0.02 -0.01 0.01 -0.01 0.01 -0.02 0.02 0.01 -0.01 -0.01 
DCC_int_beta_gamma[Th] 0.00 -0.02 0.01 0.01 0.01 0.01 0.01 0.00 -0.01 0.02 0.00 0.00 0.00 -0.01 
DCC_int_beta_gamma[U] -0.01 -0.01 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.02 0.02 -0.01 0.01 
w_Alpha 0.52 0.50 0.48 0.51 0.51 0.65 0.61 0.81 0.57 0.58 0.50 0.85 0.51 0.79 
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Table B-52. First order sensitivity results for total dose rate. 

Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm)  Tree  

CR[C] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[I] 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Np] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.15 
CR[Pb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Po] 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.36 0.00 0.00 0.00 0.07 0.00 0.21 
CR[Ra] 0.59 0.59 0.57 0.59 0.59 0.50 0.19 0.00 0.50 0.53 0.59 0.03 0.60 0.01 
CR[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[Th] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CR[U] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_ext_in_soil_beta_gamma[Cl] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[I] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Ni] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Np] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Pb] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Po] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Ra] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[Th] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_in_soil_beta_gamma[U] 0.00 n.v n.v n.v n.v n.v n.v n.v n.v 0.00 0.00 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Cl] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[I] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Ni] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Np] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Pb] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Po] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v n.v n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[Ra] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v 0.00 n.v n.v n.v 
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Statistics Amphibian Bird 
Bird
 egg 

Detrit.
Invert. 

Flying 
insects Gastropod 

Grasses  
&  

Herbs  
Lichen & 

bryophytes 
Mammal 

(Deer)  
Mammal 

(Rat)  Reptile Shrub 

Soil  
Invert. 
(worm)  Tree  

DCC_ext_on_soil_beta_gamma[Th] n.v n.v n.v n.v n.v n.v n.v n.v 0.00 n.v 0.00 n.v n.v n.v 
DCC_ext_on_soil_beta_gamma[U] 0.00 n.v n.v n.v n.v n.v n.v n.v 0.00 n.v 0.00 n.v n.v n.v 
DCC_int_beta_gamma[C] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Cl] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Cs] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[I] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Ni] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Np] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Pb] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Po] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Ra] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Se] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Tc] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[Th] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
DCC_int_beta_gamma[U] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
w_Alpha 0.19 0.18 0.18 0.19 0.19 0.20 0.13 0.50 0.13 0.13 0.18 0.27 0.19 0.48 
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APPENDIX C KNOWLEDGE QUALITY ASSESSMENT QUESTIONNAIRE 
AND RESULTS 

Each of the questions within the knowledge quality evaluation questionnaire is provided 
in this section. For each question, collated results are provided.  

C-1. How appropriate is the CR approach, as a basis for the long term 
evaluation of radionuclide transport through the biosphere into 
specific organism classes or types?  

 
Score Theoretical Understanding 

5 The CF is a good approximation for long term modelling, offering 
clarity, simplicity and robustness.  It is open to empirical 
determination. 

4 The CF is a reasonable approach although it should not be used 
to extrapolate to different contexts. 

3 Subject to its mechanistic drawbacks, the CF remains a valid and 
well used concept. 

2 The CF is credible only within very tightly defined situations and 
for particular uses.  Derived values have no validity outside of that 
context. 

1 The CF is a flawed concept.  It is potentially misleading and liable 
to introduce significant errors in determinations. 

 

 

 



 164  
 

C-2.  How appropriate is the choice of reference organism and habitat 
 components? 

 
Score Appropriateness  

(Reference Organism) Appropriateness (Habitat components) 
5 The organism classes are broadly 

representative and the choice of identifying 
types is appropriate, clear and robust. 

The ecosystem components are broadly 
representative and do not limit the scope of the 
determinations or their applicability. 

4 The organism classes are reasonable 
although they omit potentially important 
species. 

The ecosystem components are limited but 
within the requirements of the determinations 
are appropriate. 

3 The organism classes are reasonable within 
the defined context but limit the extrapolation 
of results to other contexts. 

The ecosystem components are reasonable 
within the defined context but limit the 
extrapolation of results to other contexts. 

2 The organism classes are credible only within 
tightly defined applications. 

The ecosystem components are overly 
simplistic and limit the applicability of results 
even within the required context. 

1 The selection of organism classes and 
representative types is seriously flawed and 
likely to lead to misinterpretation. 

The selection of ecosystem components is 
seriously flawed and likely to lead to 
misinterpretation. 
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C-3.  How accurate is the representation of reference organisms (e.g. 
 size, mass and habitat occupancy factors)? 

 
Organism geometry   
Score Theoretical understanding Empirical Quality 

5 The ellipsoid geometry is a good approximation 
to organism shape 

The chosen dimensions are representative, 
based on typical species within the defined 
class 

4 The ellipsoid geometry is a reasonable 
approximation to organism shape 

The chosen dimensions vary significantly 
with species that may be considered as 
representative within the defined class 

3 The ellipsoid geometry represents a poor but 
workable approach to the organism shape 

The chosen dimensions yield a mass that is 
likely to be representative within the defined 
class 

2 The ellipsoid geometry is a poor representation 
which is likely to lead to significant error in 
determining mass 

The chosen dimensions cannot be identified 
as typical for any species that is likely to be 
representative within the defined class 

1 The ellipsoid geometry misrepresents 
fundamental features of the organism such that 
it cannot yield a good indication of mass without 
gross distortion of dimensions 

The chosen dimensions are unrealistic at 
either a conceptual or empirical level 
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Habitat occupancy factors 
Score Theoretical understanding 

5 The habitat descriptors are appropriate to the organism 
and approximate to reality 

4 The habitat descriptors are a reasonable approximation 
to organism shape 

3 The habitat descriptors represent a poor but workable 
approach to the organism shape 

2 The habitat descriptors are a poor representation which 
is likely to lead to significant error in determining impact 

1 The habitat descriptors misrepresent fundamental 
features of the organism which mean that it cannot yield 
a good indication of impact 
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C-4.  Based on an implied RBE of 1 for all reference organisms, is a 
 single screening value appropriate?   

 
Score Appropriateness  

5 The screening dose rate is highly appropriate for all organism 
classes and represents a clear and robust mechanism for 
evaluating potential risk. 

4 The screening dose rate is appropriate for the majority of 
organisms and the conservatisms are appropriate in consideration 
of the nature of the assessment. 

3 The application of a single screening dose rate to all organism 
classes is a poor but workable approach. 

2 The application of a single screening dose rate to all organism 
classes is overly conservative and is likely to lead to 
misinterpretation of potential impact. 

1 The selection of a single screening dose rate for all organism 
classes is seriously flawed and will lead to errors in interpretation. 
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C-5.  How reasonable are the adopted CR values in describing the 
 specific associations identified? 

Score Empirical Quality Process Description 

5 The CR is supported by a large number 
of direct measurements (controlled 
laboratory and/or field observations), 
with a tight range of values 

For this organism and radionuclide 
combination, the approach adopted is a 
reasonable simplification of the process: it 
represents a causal association or draws on 
an appropriate analogue 

4 The CR is supported by historic data, 
less controlled experiments, a 
moderate number of direct 
measurements or with a broad spread 
of values 

For this organism and radionuclide 
combination, the approach adopted can be 
considered to represent at least an indirect 
association 

3 The CR is based on a small number of 
direct measurements or on indirect 
measurements, for instance related 
components of the system, relevant to 
both the organism class and 
radionuclidei 

The approach adopted is overly simplistic or 
draws on analagous behaviour which is hard 
to justify 

2 The CR is based on very few direct 
measurements or on extrapolated 
information available for either the 
specific organism class, or the 
radionuclidei, but not both 

The approach is fundamentally flawed but 
represents a workable interim position 

1 There are no direct measurements and 
the CR is based on extrapolated 
information derived from both different 
organism classes and different 
radionuclidesi 

The approach is likely to be misleading 
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 Carbon-14: Terrestrial ecosystem         
            

Reference 
organism Source of ERICA Default CF Rationale CF 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
mammal 

similar ref 
organism 1340 not stated not stated 

Bird Specific activity model; EPIC 
specific 
activity 
model 

1340 not stated not stated 

Bird egg Specific activity model; 
FASSET 

specific 
activity 
model 

890 not stated not stated 

Detritivorous 
invert. Assumed to be same as worm similar 

taxonomy 430 not stated not stated 

Flying 
insects Assumed to be same as worm similar 

taxonomy 430 not stated not stated 

Gastropod Assumed to be same as worm similar 
taxonomy 430 not stated not stated 

Grasses & 
Herbs 

Specific activity model; 
FASSET 

specific 
activity 
model 

890 not stated not stated 

Lichen & 
bryophytes 

Assumed to be same as grass 
& herb 

similar ref 
organism 890 not stated not stated 

Mammal 
(Deer) 

Specific activity model; 
FASSET 

specific 
activity 
model 

1340 not stated not stated 

Mammal 
(Rat) 

Specific activity model; 
FASSET 

specific 
activity 
model 

1340 not stated not stated 

Reptile Assumed to be same as 
mammal 

similar ref 
organism 1340 not stated not stated 

Shrub Assumed to be same as grass 
& herb 

similar 
taxonomy 890 not stated not stated 

Soil Invert. 
(worm) 

Specific activity model; 
FASSET 

specific 
activity 
model 

430 not stated not stated 

Tree Specific activity model; EA 
R&D128 

specific 
activity 
model 

1300 not stated not stated 
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Carbon-14:  Freshwater ecosystem         

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian 
Environment Agency (2003) 
methodology for Habitats 
regulations; max value 

highest 
available 
value 

7300 not stated not stated 

Benthic fish 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

4600 not stated not stated 

Bird 
Environment Agency (2003) 
methodology for Habitats 
regulations; max value 

highest 
available 
value 

7300 not stated not stated 

Bivalve mollusc 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

7300 not stated not stated 

Crustacean 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

7300 not stated not stated 

Gastropod 

Same as bivalve mollusc 
(from Environment Agency 
(2003) methodology for 
Habitats regulations) 

similar 
taxonomy 7300 not stated not stated 

Insect larvae 

Same as crustacean (from 
Environment Agency (2003) 
methodology for Habitats 
regulations) 

similar ref 
organism 7300 not stated not stated 

Mammal 
Environment Agency (2003) 
methodology for Habitats 
regulations; max value 

highest 
available 
value 

7300 not stated not stated 

Pelagic fish 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

4600 not stated not stated 

Phytoplankton 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

1800 not stated not stated 

Vascular plant 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

4600 not stated not stated 

Zooplankton 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

4000 not stated not stated 
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Chlorine-36: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA 
Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same 
as mammal 

combination of 
approaches 7.0 not stated not stated 

Bird Assumed to be same 
as mammal 

combination of 
approaches 7.0 not stated not stated 

Bird egg Assumed to be same 
as mammal 

combination of 
approaches 7.0 not stated not stated 

Detritivorous 
invert. Empirical data    0.3 31 1.6 

Flying insects Same as detritivorous 
invertebrate 

similar 
taxonomy 0.3 not stated not stated 

Gastropod Empirical data    0.2 20 1.3 

Grasses & 
Herbs Empirical data    17.1 22 2683.2 

Lichen & 
bryophytes Empirical data    1.0 1 n/a 

Mammal (Deer) FASTer estimate 
allometric or 
other modelling 
approach 

7.0 n/a n/a 

Mammal (Rat) FASTer estimate 
allometric or 
other modelling 
approach 

7.0 n/a n/a 

Reptile Assumed to be same 
as mammal 

combination of 
approaches 7.0 not stated not stated 

Shrub Empirical data     1.0 79 31.7 

Soil Invert. 
(worm) Empirical data   0.2 17 1.2 

Tree Empirical data    1.4 11 15 
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Chlorine-36: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
benthic fish  

similar ref 
organism 82 n/a n/a 

Benthic fish Empirical data - 82 7 2.5 

Bird Assumed to be same as 
benthic fish  

similar ref 
organism 82 n/a n/a 

Bivalve mollusc Assumed to be same as 
crustacean 

similar 
taxonomy 50 n/a n/a 

Crustacean Empirical data   50 2 n/a 

Gastropod Assumed to be same as 
crustacean 

similar 
taxonomy 50 n/a n/a 

Insect larvae Assumed to be same as 
crustacean 

similar ref 
organism 50 n/a n/a 

Mammal Assumed to be same as 
benthic fish  

similar ref 
organism 82 n/a n/a 

Pelagic fish Assumed to be same as 
benthic fish 

similar 
taxonomy 82 n/a n/a 

Phytoplankton Assumed to be same as 
vascular plant 

similar 
taxonomy 360 n/a n/a 

Vascular plant Empirical data   360 6 15 

Zooplankton 
Assumed to be same as 
phytoplankton; itself 
derived from vascular plant 

combination 
of 
approaches 

360 not stated not stated 
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Nickel-59: Terrestrial ecosystem 

Reference 
organism Source of ERICA Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
mammal 

similar ref 
organism 0.072 n/a n/a 

Bird Assumed to be same as 
mammal 

similar ref 
organism 0.072 n/a n/a 

Bird egg Assumed to be same as 
mammal 

similar ref 
organism 0.072 n/a n/a 

Detritivorous 
invert. Empirical data (CR Review)   0.009 1 n/a 

Flying 
insects Empirical data (CR Review)   0.009 1 n/a 

Gastropod Empirical data    0.018 7 1.2 

Grasses & 
Herbs Empirical data    0.188 111 

Min and 
max 

identical - 
possible 

error 

Lichen & 
bryophytes 

Bowen, H.J.M. 1979. 
Environmental chemistry of the 
elements. Academic press. 
London. Value quoted is using 
median soil and the highest 
concentration given for either 
lichen or bryophytes.  Range in 
CR (FW)  using range in soil 
concentration is 0.0058-2.16 

from 
published 
reviews 

0.086 not stated not stated 

Mammal 
(Deer) 

CR review (based on stable Ni 
concentrations in mammalian 
tissues and 'general' soil 
concentrations)  

from 
published 
reviews: no 
distinction 
made 
between 
mammal 
species 

0.072 2 100 

Mammal 
(Rat) 

CR review but based on stable 
Ni concentrations in mammalian 
tissues and 'general' soil 
concentrations  

from 
published 
reviews: no 
distinction 
made 
between 
mammal 
species 

0.072 2 100 

Reptile Same as mammal similar ref 
organism 0.072 n/a n/a 

Shrub Empirical data (CR review)   0.034 64 not stated 

Soil Invert. 
(worm) Empirical data    0.065 >77 55.8 

Tree Empirical data    0.018 3 1.6 
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Nickel-59: Freshwater ecosystem 

Reference 
organism 

Source of ERICA 
Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
benthic and pelagic fish  

similar 
reference 
organism  

100 n/a n/a 

Benthic fish Empirical data   100 3 1 

Bird Assumed to be same as 
benthic and pelagic fish  

similar 
reference 
organism 

100 n/a n/a 

Bivalve mollusc 
ERICA marine ecosystem 
value (n = 12, max/min = 
1333.3) 

ref organism in 
a different 
ecosystem 

6400 see source see source 

Crustacean 
ERICA marine ecosystem 
value (n = 2, max/min = 
10) 

ref organism in 
a different 
ecosystem 

550 see source see source 

Gastropod 
ERICA marine ecosystem 
value for mollusc (n = 12, 
max/min = 1333.3) 

combination of 
approaches 6400 see source see source 

Insect larvae 
ERICA marine ecosystem 
value for crustacean (n = 
2, max/min = 10) 

combination of 
approaches 550 see source see source 

Mammal Assumed to be same as 
benthic and pelagic fish  

similar ref 
organism 100 n/a n/a 

Pelagic fish Empirical data   100 3 1 

Phytoplankton Empirical data   5000 1 n/a 

Vascular plant Empirical data   50 1 n/a 

Zooplankton Assumed to be same as 
phytoplankton 

similar ref 
organism 5000 n/a n/a 
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Selenium-79: Terrestrial ecosystem 

Reference 
organism Source of ERICA Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
mammal 

similar ref 
organism 0.06 n/a n/a 

Bird Assumed to be same as 
mammal 

similar ref 
organism 0.06 n/a n/a 

Bird egg 
Assumed to be same as 
mammal (note TRS-364 has 
egg:poultry ratio = 1) 

similar ref 
organism 0.06 n/a n/a 

Detritivorous 
invert. 

Assumed to be same as soil 
invertebrate 

similar 
taxonomy 1.48 n/a n/a 

Flying insects Assumed to be same as soil 
invertebrate 

similar 
taxonomy 1.48 n/a n/a 

Gastropod Empirical data    0.03 7 3.6 

Grasses & 
Herbs Empirical data (CR Review)   0.56 158 not stated 

Lichen & 
bryophytes 

Based on stable Alaskan lichen 
and US soil concentrations in: 
Coughtrey, PJ, Jackson, D and 
Thorne, MC (1983)  

from 
published 
reviews 

20 not stated not stated 

Mammal 
(Deer) Empirical data (CR Review) 

No 
distinction 
made 
between 
mammal 
species 

0.06 12 not stated 

Mammal 
(Rat) Empirical data (CR Review) 

No 
distinction 
made 
between 
mammal 
species 

0.06 12 not stated 

Reptile Same as mammal similar ref 
organism 0.06 n/a n/a 

Shrub Empirical data    1.81 73 2.2 

Soil Invert. 
(worm) 

Empirical data - CR review 
(slope from linear fit: no zero 
intercept) 

  1.48 Unknown  No range 
given  

Tree 

Assumed to be same as shrub, 
but is similar to stable 'Quercus 
leaves' and soil concentrations 
in: Coughtrey, PJ, Jackson, D 
and Thorne, MC (1983)  

similar ref 
organism 1.81 not stated not stated 
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Selenium-79: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
benthic & pelagic fish  

similar ref 
organism 200 n/a n/a 

Benthic fish Empirical data   200 1 n/a 

Bird Assumed to be same as 
benthic & pelagic fish  

similar ref 
organism 200 n/a n/a 

Bivalve mollusc ERICA marine value (n = 
3, max/min = 6.7) 

ref organism 
in a different 
ecosystem 

5000 see source 
note 

see source 
note 

Crustacean 
ERICA marine ecosystem 
value (n = 4, max/min = 
16.4) 

ref organism 
in a different 
ecosystem 

7100 see source 
note 

see source 
note 

Gastropod 
ERICA marine value for 
mollusc (n = 3, max/min = 
6.7) 

combination of 
approaches 5000 see source 

note 
see source 

note 

Insect larvae 
ERICA marine value for 
crustacean (n = 4, 
max/min = 16.4) 

combination of 
approaches 7100 see source 

note 
see source 

note 

Mammal Assumed to be same as 
benthic & pelagic fish  

similar ref 
organism 200 n/a n/a 

Pelagic fish Empirical data   200 1 n/a 

Phytoplankton ERICA marine value (n = 
94, max/min = 10,000) 

ref organism 
in a different 
ecosystem 

3600 see source 
note 

see source 
note 

Vascular plant Empirical data   1000 1 n/a 

Zooplankton 
ERICA marine value 
(derived from published 
review - IAEA, 2004)  

ref organism 
in a different 
ecosystem 

6000 n/a n/a 
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Niobium-94: Terrestrial ecosystem 

Reference 
organism Source of ERICA Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
mammal 

similar ref 
organism 0.19 n/a n/a 

Bird Assumed to be same as 
mammal 

similar ref 
organism 0.19 n/a n/a 

Bird egg Mammal x 3 (egg:meat ratio 
from TRS-364)  

allometric or 
other 
modelling 
approach 

0.57 n/a n/a 

Detritivorous 
invert. 

Assumed to be same as soil 
invert. 

similar 
taxonomy 0.0005 n/a n/a 

Flying 
insects 

Assumed to be same as soil 
invert. 

similar 
taxonomy 0.0005 n/a n/a 

Gastropod Assumed to be same as soil 
invert. 

similar 
taxonomy 0.0005 n/a n/a 

Grasses & 
Herbs 

Review value from Lisk (1972); 
review by Coughtrey gives 0.023 

from 
published 
reviews 

0.04 not stated not stated 

Lichen & 
bryophytes 

Bowen, H.J.M. 1979. 
Environmental chemistry of the 
elements. Academic press. 
London. Value quoted is using 
median soil and the highest 
concentration given for either 
lichen or bryophytes. Range in 
CR (FW)  using range in soil 
concentration is 0.00054- 0.027 

from 
published 
reviews 

0.02 not stated not stated 

Mammal 
(Deer) 

Based on stable concentrations 
in animal (predominantly wild) 
tissues' and general soil in: 
Coughtrey, P. J. and M. C. 
Thorne (1983).  

from 
published 
reviews: no 
distinction 
made 
between 
mammal 
species 

0.19 not stated not stated 

Mammal 
(Rat) 

Based on stable concentrations 
in animal (predominantly wild) 
tissues' and general soil in: 
Coughtrey, P. J. and M. C. 
Thorne (1983).  

from 
published 
reviews: no 
distinction 
made 
between 
mammal 
species 

0.19 not stated not stated 

Reptile Assumed to be same as 
mammal 

similar ref 
organism 0.19 n/a n/a 

Shrub 

Bowen, H.J.M. 1979. 
Environmental chemistry of the 
elements. Academic press. 
London. Value quoted is using 
median soil and an average of 
woody angliospers and woody 
gymnosperms' , range of CR is 
0.057-0.011 

from 
published 
reviews 

0.03 not stated not stated 

Soil Invert. 
(worm) Empirical data (CR review)   0.0005 1 n/a 

Tree Assumed to be same as shrub similar 
taxonomy 0.03 n/a n/a 
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Niobium-94: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
benthic and pelagic fish  

similar 
reference 
organism 

230 n/a n/a 

Benthic fish Empirical data - 230 3 10 

Bird Assumed to be same as 
benthic and pelagic fish  

similar 
reference 
organism 

230 n/a n/a 

Bivalve mollusc Empirical data - 350 2 1.5 

Crustacean Assumed to be same as 
bivalve mollusc 

similar ref 
organism 350 n/a n/a 

Gastropod Assumed to be same as 
bivalve mollusc 

similar 
taxonomy 350 n/a n/a 

Insect larvae 

Assumed to be same as 
crustacean, which is itself 
derived from bivalve 
mollusc 

similar ref 
organism 350 n/a n/a 

Mammal Assumed to be same as 
benthic and pelagic fish  

similar ref 
organism 230 n/a n/a 

Pelagic fish Empirical data - 230 3 10 

Phytoplankton 

ERICA marine ecosystem 
value (derived from 
published reviews - 
Lowman et al. (1971)) 

ref organism 
in a different 
ecosystem 

1000 n/a n/a 

Vascular plant Empirical data - 800 1 n/a 

Zooplankton Assumed to be same as 
phytoplankton 

combination 
of approaches 1000 not stated not stated 
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Technetium-99: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Empirical data    0.57 2 4.7 

Bird Empirical data (CR Review)   0.27 1 n/a 

Bird egg Bird x 100 (egg:meat ratio 
from TRS-364) 

combination 
of 
approaches 

27 not stated not stated 

Detritivorous 
invert. 

Assumed maximum 
available value  

highest 
available 
value 

0.37 n/a n/a 

Flying insects Assumed maximum 
available value  

highest 
available 
value 

0.37 n/a n/a 

Gastropod Assumed maximum 
available value  

highest 
available 
value 

0.37 n/a n/a 

Grasses & 
Herbs Empirical data    20 18 

Min and 
max 

identical - 
potential 

error 

Lichen & 
bryophytes 

Assumed maximum 
available value  

highest 
available 
value 

20 n/a n/a 

Mammal 
(Deer) FASTer prediction 

allometric or 
other 
modelling 
approach 

0.37 n/a n/a 

Mammal (Rat) FASTer prediction 

allometric or 
other 
modelling 
approach 

0.37 n/a n/a 

Reptile Assumed to be same as 
mammal 

combination 
of 
approaches 

0.37 not stated not stated 

Shrub Assumed to be same as 
grass (highest plant CR) 

similar 
taxonomy 20 n/a n/a 

Soil Invert. 
(worm) 

Assumed maximum 
available value  

highest 
available 
value 

0.37 n/a n/a 

Tree 
FASSET D5 Data for fruit 
trees (agricultural systems 
model outputs) 

allometric or 
other 
modelling 
approach 

0.27 n/a n/a 
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Technetium-99: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
benthic & pelagic fish  

similar 
reference 
organism 

40 n/a n/a 

Benthic fish Empirical data - 40 3 5.2 

Bird Assumed to be same as 
benthic & pelagic fish  

similar 
reference 
organism 

40 n/a n/a 

Bivalve mollusc 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

24 not stated not stated 

Crustacean 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

13 not stated not stated 

Gastropod 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

24 not stated not stated 

Insect larvae Assumed to be same as 
crustacean 

combination 
of 
approaches 

13 not stated not stated 

Mammal Assumed to be same as 
benthic & pelagic fish  

similar ref 
organism 40 n/a n/a 

Pelagic fish Empirical data - 40 3 5.2 

Phytoplankton 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

8 not stated not stated 

Vascular plant 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

1300 not stated not stated 

Zooplankton 
Environment Agency (2003) 
methodology for Habitats 
regulations 

from 
published 
reviews 

20 not stated not stated 
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Iodine-129: Terrestrial ecosystem 

Reference 
organism Source of ERICA Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
mammal 

combination 
of 

approaches 
0.4 not stated not stated 

Bird Assumed to be same as 
mammal 

combination 
of 

approaches 
0.4 not stated not stated 

Bird egg Mammal x 400 (egg:meat ratio 
from TRS 364) 

combination 
of 

approaches 
160 not stated not stated 

Detritivorous 
invert. Empirical data  0.3 32 2.1 

Flying 
insects 

Assumed to be same as 
detritivorous invertebrate 

similar 
taxonomy 0.3 n/a n/a 

Gastropod Empirical data 0.2 12 1.5 

Grasses & 
Herbs Empirical data  0.14 39 

Min and 
max 

identical - 
potential 

error 

Lichen & 
bryophytes 

Bowen, H.J.M. 1979. 
Environmental chemistry of the 

elements. Academic press. 
London. Value quoted is using 

median soil and the highest 
concentration given for either 

lichen or bryophytes. Range in 
CR (FW) using range in soil 
concentration is  0.072-18 

from 
published 
reviews 

0.36 not stated not stated 

Mammal 
(Deer) 

FASTer estimate. Note similar 
to EPIC allometrically derived 
CR and value which can be 
derived from Coughtrey et al 

(1983) 

allometric or 
other 

modelling 
approach 

0.4 n/a n/a 

Mammal 
(Rat) 

FASTer estimate. Note similar 
to EPIC allometrically derived 
CR and value which can be 
derived from Coughtrey et al 

(1983) 

allometric or 
other 

modelling 
approach 

0.4 n/a n/a 

Reptile Assumed to be same as 
mammal 

combination 
of 

approaches 
0.4 not stated not stated 

Shrub Assumed to be same as grass similar 
taxonomy 0.14 n/a n/a 

Soil Invert. 
(worm) Empirical data  0.2 10 1.1 

Tree Assumed to be same as grass similar 
taxonomy 0.14 n/a n/a 
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Iodine-129: Freshwater ecosystem 

Reference 
organism 

Source of ERICA 
Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Empirical data   130 2 1 

Benthic fish Empirical data   180 10 100 

Bird Assumed to be same as 
amphibian (vertebrate) 

similar 
reference 
organism 

130 n/a n/a 

Bivalve mollusc Empirical data   25 8 1000 

Crustacean Empirical data   400 3 4.3 

Gastropod Assumed to be same as 
bivalve mollusc 

similar 
taxonomy 25 n/a n/a 

Insect larvae Empirical data   400 2 not stated 

Mammal Assumed to be same as 
amphibian (vertebrate) 

similar ref 
organism 130 n/a n/a 

Pelagic fish Empirical data   180 10 100 

Phytoplankton Empirical data   2300 7 218.2 

Vascular plant Empirical data   300 22 66.7 

Zooplankton Empirical data   1300 3 8 
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Caesium-135: Terrestrial ecosystem 

Reference 
organism Source of ERICA Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Empirical data    0.5 107 119.7 

Bird Empirical data    0.75 158 11899 

Bird egg 

Data manipulation from ratio 
dietary transfer to domestic hen 
eggs /meat (=0.04 TRS-364) and 
CR values describing transfer to 
herbivorous bird whole-body.  

allometric 
or other 
modelling 
approach 

0.03 n/a n/a 

Detritivorous 
invert. Empirical data    0.1 127 2969.8 

Flying insects Empirical data    0.06 67 5533.7 

Gastropod Empirical data    0.04 18 11.2 

Grasses & 
Herbs Empirical data    0.7 433 396.5 

Lichen & 
bryophytes Empirical data    5.6 51 177.3 

Mammal 
(Deer) 

Empirical data (reindeer not 
included) 

No 
distinction 
made 
between 
mammals 

2.9 1784 9753.4 

Mammal 
(Rat) 

Empirical data (reindeer not 
included) 

No 
distinction 
made 
between 
mammals 

2.9 1784 9753.4 

Reptile Empirical data    3.6 8 510.9 

Shrub Empirical data    4.0 196 3309.3 

Soil Invert. 
(worm) Empirical data    0.1 19 251.6 

Tree Empirical data    0.16 181 1069.7 
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Caesium-135: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Empirical data 9300 3 1.25 

Benthic fish Empirical data 6300 100 337.2 

Bird Empirical data 3000 1 n/a 

Bivalve mollusc Empirical data 460 14 157.1 

Crustacean Empirical data 10400 7 91.7 

Gastropod Empirical data 2800 6 35.6 

Insect larvae Assumed to be same as 
crustacean 

similar ref 
organism 10400 n/a n/a 

Mammal Assumed to be same as 
amphibian (vertebrate) 

similar ref 
organism 9300 n/a n/a 

Pelagic fish Empirical data 7100 13 404.3 

Phytoplankton Empirical data 4700 12 25 

Vascular plant Empirical data 1160 20 48 

Zooplankton Empirical data 1560 4 8.9 
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Lead-210: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA 
Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Empirical data    0.12 24 321.5 

Bird Empirical data    0.06 424 1 

Bird egg 
Assumed to be same as 
bird (no information in 
TRS-364) 

similar 
taxonomy 0.06 n/a n/a 

Detritivorous 
invert. Empirical data    0.75 288 80 

Flying insects Empirical data    0.06 18 1.4 

Gastropod Empirical data    0.01 47 63.5 
Grasses & 
Herbs Empirical data    0.07 223 2.5 

Lichen & 
bryophytes Empirical data    6 98 20.4 

Mammal 
(Deer) 

Empirical data (reindeer 
data not included) 

No distinction 
made between 
mammal 
species 

0.04 502 518.7 

Mammal (Rat) Empirical data (reindeer 
data not included) 

No distinction 
made between 
mammal 
species 

0.04 502 518.7 

Reptile Same as bird (highest 
value for a vertebrate) 

similar ref 
organism 0.06 n/a n/a 

Shrub Empirical data    0.3 120 1428.6 
Soil Invert. 
(worm) Empirical data    0.03 264 71.3 

Tree Empirical data    0.08 42 88.4 
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Lead-210: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian 
Assumed to be same as 
fish, which is itself derived 
from published review  

similar 
reference 
organism 

300 n/a n/a 

Benthic fish IAEA, Safety Report series 
no 19 

from 
published 
reviews 

300 not stated not stated 

Bird 
Assumed to be same as 
fish, which is itself derived 
from published review  

similar 
reference 
organism 

300 n/a n/a 

Bivalve 
mollusc 

ERICA marine ecosystem 
value derived from 
empirical data (n = 57, 
max/min = 5545.5) 

ref organism 
in a different 
ecosystem 

1700 see source 
note 

see source 
note 

Crustacean 

ERICA marine ecosystem 
value, derived from 
empirical data (n = 7, 
max/min = 330) 

ref organism 
in a different 
ecosystem 

10000 see source 
note 

see source 
note 

Gastropod 

ERICA marine value for 
mollusc, derived from 
empirical data (n = 57, 
max/min = 5545.5) 

combination 
of approaches 50000 see source 

note 
see source 

note 

Insect larvae 

ERICA marine value for 
crustacean, derived from 
empirical data (n = 7, 
max/min = 330) 

combination 
of approaches 10000 see source 

note 
see source 

note 

Mammal 
Assumed to be same as 
fish, which is itself derived 
from published review  

similar ref 
organism 300 n/a n/a 

Pelagic fish IAEA, Safety Report series 
no 19 

from 
published 
reviews 

300 not stated not stated 

Phytoplankton 
ERICA marine value, 
derived from empirical data 
(n = 35, max/min = 2166.7) 

ref organism 
in a different 
ecosystem 

490000 see source 
note 

see source 
note 

Vascular plant 

ERICA marine value for 
macroalgae (similar 
taxonomy), derived from 
empirical data (n = 54, 
max/min = 6100) 

ref organism 
in a different 
ecosystem 

1000 see source 
note 

see source 
note 

Zooplankton 
ERICA marine value, 
derived from empirical data 
(n = 12, max/min = 3791.7) 

ref organism 
in a different 
ecosystem 

26000 see source 
note 

see source 
note 
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Polonium-210: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
mammal 

similar ref 
organism 0.003 n/a n/a 

Bird Assumed to be same as 
mammal 

similar ref 
organism 0.003 n/a n/a 

Bird egg 
Assumed to be same as 
mammal (no information in 
TRS-364) 

similar 
taxonomy 0.003 n/a n/a 

Detritivorous 
invert. 

Assumed maximum 
available value for animals 

highest 
available 
value 

0.003 n/a n/a 

Flying insects Assumed maximum 
available value for animals 

highest 
available 
value 

0.003 n/a n/a 

Gastropod Assumed maximum 
available value for animals 

highest 
available 
value 

0.003 n/a n/a 

Grasses & 
Herbs Empirical data    0.12 34 19.6 

Lichen & 
bryophytes Empirical data    6.3 12 4.6 

Mammal (Deer) Empirical data (reindeer 
data not included) 

No distinction 
made 
between 
mammal 
species 

0.003 36 31.2 

Mammal (Rat) Empirical data (reindeer 
data not included) 

No distinction 
made 
between 
mammal 
species 

0.003 36 31.2 

Reptile Assumed to be same as 
mammal 

similar ref 
organism 0.003 n/a n/a 

Shrub Empirical data    0.1 14 69.3 

Soil Invert. 
(worm) 

Assumed maximum 
available value for animals 

highest 
available 
value 

0.003 n/a n/a 

Tree Empirical data    0.04 20 4.2 

 



 209  
 

 
 

 
 
 
 



 210  
 

Polonium-210: Freshwater ecosystem 

Reference 
organism 

Source of ERICA 
Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
pelagic fish 

similar 
reference 
organism 

240 n/a n/a 

Benthic fish Assumed to be same as 
pelagic fish 

similar 
taxonomy 240 n/a n/a 

Bird Assumed to be same as 
pelagic fish 

similar 
reference 
organism 

240 n/a n/a 

Bivalve mollusc Empirical data   38000 2 23.6 

Crustacean Empirical data   9900 2 1.2 

Gastropod Empirical data   22000 2 15.6 

Insect larvae Assumed to be same as 
crustacean 

similar ref 
organism 9900 n/a n/a 

Mammal Assumed to be same as 
pelagic fish 

similar ref 
organism 240 n/a n/a 

Pelagic fish Empirical data   240 13 50 

Phytoplankton Empirical data   27000 7 1.8 

Vascular plant Empirical data   4000 6 18.3 

Zooplankton Assumed to be same as 
phytoplankton 

similar ref 
organism 27000 n/a n/a 
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Radium-226: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
bird 

similar ref 
organism 0.04 n/a n/a 

Bird Empirical data (CR review)    0.04  >29 91.3 

Bird egg 
Assumed to be same as 
bird (note use egg:bird 
ratio of 1 as for Th) 

similar 
taxonomy 0.04 n/a n/a 

Detritivorous 
invert. Empirical data (CR review)   0.09 unknown No range 

given 

Flying insects Assumed to be same as 
detritivorous invertebrate 

similar 
taxonomy 0.09 n/a n/a 

Gastropod Empirical data    0.05 10 5.6 
Grasses & 
Herbs Empirical data    0.04 32 1.9 

Lichen & 
bryophytes Empirical data    0.2 15 2.8 

Mammal 
(Deer) 

Empirical data (reindeer 
data not included) 

No distinction 
made 
between 
mammal 
species 

0.03 73 3454.8 

Mammal (Rat) Empirical data (reindeer 
data not included) 

No distinction 
made 
between 
mammal 
species 

0.03 73 3454.8 

Reptile Assumed to be same as 
bird 

similar ref 
organism 0.04 n/a n/a 

Shrub Empirical data    0.02 10 31.8 

Soil Invert. 
(worm) 

Assumed to be same as 
detritivorous invertebrate 

similar 
taxonomy 0.09 n/a n/a 

Tree Empirical data    0.0007 20 21 
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Radium-226: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian 
Assumed to be same as 
benthic & pelagic fish 
(vertebrate) 

similar 
reference 
organism 

80 n/a n/a 

Benthic fish Empirical data   80 17 2700 

Bird 
Assumed to be same as 
benthic & pelagic fish 
(vertebrate) 

similar 
reference 
organism 

80 n/a n/a 

Bivalve mollusc Empirical data   1500 2 8.2 

Crustacean Empirical data   1500 5 21.3 

Gastropod Empirical data   940 2 5.7 

Insect larvae Assumed to be same as 
crustacean 

similar ref 
organism 1500 n/a n/a 

Mammal 
Assumed to be same as 
benthic & pelagic fish 
(vertebrate) 

similar ref 
organism 80 n/a n/a 

Pelagic fish Empirical data   80 17 2700 

Phytoplankton Empirical data   1100 8 65 

Vascular plant Empirical data   1800 15 4200 

Zooplankton Assumed to be same as 
phytoplankton 

similar ref 
organism 1100 n/a n/a 
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Thorium-230: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA 
Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
bird (highest vertebrate) 

similar ref 
organism 0.0004 n/a n/a 

Bird Empirical data (CR 
review)   0.0004 Unknown 1.8 

Bird egg 
Assumed to be same as 
bird (note used egg:bird 
ratio of 1 for U) 

similar taxonomy 0.0004 n/a n/a 

Detritivorous 
invert. 

Assumed to be same as 
U in Soil invertebrate 

similar 
biogeochemistry 
and taxonomy 

0.009 n/a n/a 

Flying insects Assumed to be same as 
U in Soil invertebrate 

similar 
biogeochemistry 
and taxonomy 

0.009 n/a n/a 

Gastropod Assumed to be same as 
U in Soil invertebrate 

similar 
biogeochemistry 
and taxonomy 

0.009 n/a n/a 

Grasses & 
Herbs Empirical data    0.04 12 3.8 

Lichen & 
bryophytes Empirical data    0.10 18 3.8 

Mammal 
(Deer) Empirical data  

No distinction 
made between 
mammal species 

0.0001 18 51.4 

Mammal (Rat) Empirical data  
No distinction 
made between 
mammal species 

0.0001 18 51.4 

Reptile Assumed to be same as 
bird (highest vertebrate) 

similar ref 
organism 0.0004 n/a n/a 

Shrub Empirical data    0.016 Unknown 12 

Soil Invert. 
(worm) 

Assumed to be same as 
U in Soil invertebrate 

similar 
biogeochemistry 
& taxonomy 

0.009 n/a n/a 

Tree Empirical data    0.001 83 310 
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Thorium-230: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
fish (vertebrate) 

similar 
reference 
organism 

110     

Benthic fish Empirical data   110 5 37.3 

Bird Assumed to be same as 
fish (vertebrate) 

similar 
reference 
organism 

110     

Bivalve mollusc 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

100     

Crustacean 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

100     

Gastropod 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

100     

Insect larvae Assumed to be same as 
crustacean 

combination 
of 
approaches 

100     

Mammal Assumed to be same as 
fish (vertebrate) 

similar ref 
organism 110     

Pelagic fish Empirical data   110 5 37.3 

Phytoplankton 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

4000     

Vascular plant Empirical data   1260 5 37.6 

Zooplankton 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

2000     
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Neptunium-237: Terrestrial ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian 

Assumed to be same as Am 
in mammal (derived from 
empirical data, n = 121, 
max/min = 524.6) 

similar 
biogeochemistry 
& ref organism 

0.04 see source 
note 

see 
source 
note 

Bird 

Assumed same as Am in 
mammal (derived from 
empirical data, n = 121, 
max/min = 524.6) 

similar 
biogeochemistry 
and ref organism 

0.04 see source 
note 

see 
source 
note 

Bird egg 

Assumed to be same as Am 
in mammal (derived from 
empirical data, n = 121, 
max/min = 524.6) (ratio 
egg:meat is 0.8 in TRS-364 - 
not used to adjust CR) 

similar 
biogeochemistry 
and ref organism 

0.04 see source 
note 

see 
source 
note 

Detritivorous 
invert. 

Assumed to be same as Am 
in gastropod (derived from 
empirical data, n = 8, 
max/min = 42.3) 

similar 
biogeochemistry 
and taxonomy 

0.10 see source 
note 

see 
source 
note 

Flying insects 

Assumed to be same as Am 
in flying insect (derived 
from empirical data, n = 25, 
max/min = 8435.4) 

similar 
biogeochemistry 0.13 see source 

note 

see 
source 
note 

Gastropod 

Assumed to be same as Am 
in soil invertebrate (derived 
from empirical data, n = 12, 
max/min = 111.8) 

similar 
biogeochemistry 
and taxonomy 

0.20 see source 
note 

see 
source 
note 

Grasses & 
Herbs 

IAEA TRS-363 value for 
grass 

from published 
reviews 0.02 not stated not stated 

Lichen & 
bryophytes 

Assumed to be same as Th 
(derived from empirical data, 
n = 18, max/min = 3.8) 

similar 
biogeochemistry 0.10 see source 

note 

see 
source 
note 

Mammal 
(Deer) 

Assumed to be same as Am 
(derived from empirical data, 
n = 121, max/min = 524.6) 

similar 
biogeochemistry: 
ref organism - no 
distinction made 
between species 

0.04 see source 
note 

see 
source 
note 

Mammal 
(Rat) 

Assumed to be same as Am 
(derived from empirical data, 
n = 121, max/min = 524.6) 

similar 
biogeochemistry: 
ref organism - no 
distinction made 
between species 

0.04 see source 
note 

see 
source 
note 

Reptile 

Assumed to be same as Am 
in mammal (derived from 
empirical data, n = 121, 
max/min = 524.6) 

similar 
biogeochemistry 0.04 see source 

note 

see 
source 
note 

Shrub 
CR for native vegetation 
from Coughtrey, PJ et al.  
(1984).  

from published 
reviews 0.31 not stated not stated 

Soil Invert. 
(worm) 

Assumed to be same as Am 
(derived from empirical data, 
n = 12, max/min = 111.8) 

similar 
biogeochemistry 0.10 see source 

note 

see 
source 
note 

Tree Assumed to be same as 
shrub similar taxonomy 0.31 n/a n/a 

 



 221  
 

 
 

 
 



 222  
 

 
Neptunium-237: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian Assumed to be same as 
pelagic fish (vertebrates)  

similar reference 
organism 150 n/a n/a 

Benthic fish Assumed to be same as 
pelagic fish 

similar 
taxonomy 150 n/a n/a 

Bird Assumed to be same as 
pelagic fish (vertebrates)  

similar 
taxonomy 150 n/a n/a 

Bivalve 
mollusc 

Assumed Pu value as 
highest available actinide 
[default from Environment 
Agency R&D128, based on 
published reviews] 

combination of 
approaches 820 n/a n/a 

Crustacean 

Assumed Pu value as 
highest available actinide. 
Pu value derived from 
empirical data, n =10 

similar 
biogeochemistry 1100 n/a n/a 

Gastropod 

Assumed Pu value as 
highest available actinide 
[default from Environment 
Agency R&D128]  

combination of 
approaches 820 n/a n/a 

Insect larvae 

Assumed Am value; 
highest available actinide. 
Derivation of Am value 
unknown (assumed to be 
empirical, but sample 
number not given)  

similar 
biogeochemistry 20000 n/a n/a 

Mammal Assumed to be same as 
pelagic fish (vertebrates)  

assumed to be 
similar ref 
organism 

150 n/a n/a 

Pelagic fish Empirical data - 150 2 5 

Phytoplankton 

Assumed Am value; 
highest available actinide, 
which is the default value 
from Environment Agency 
R&D 128 

similar 
biogeochemistry 40000 n/a n/a 

Vascular plant 

Assumed Am value; 
highest available actinide, 
which is derived from 
empirical data (n = 5, 
max/min = 4.5) 

similar 
biogeochemistry 4200 n/a n/a 

Zooplankton 

Assumed Pu value; highest 
available actinide, which is 
derived from empirical data 
(n = 5, max/min = 5.42) 

similar 
biogeochemistry 450 n/a n/a 



 223  
 

 

 

 

 

 

 

 



 224  
 

Uranium-238:  Terrestrial ecosystem 

Reference 
organism Source of ERICA Default CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/ 
min) 

Amphibian Assumed to be same as bird 
(highest vertebrate) 

similar ref 
organism 0.0005 n/a n/a 

Bird Empirical data (CR review)   0.001 Unknown 1.7 

Bird egg 

Data manipulation from the ratio 
of dietary transfer to domestic 
hen eggs  from meat (=1 TRS-
364) and CR values describing 
transfer to herbivorous bird 
whole-body. 

allometric 
or other 
modelling 
approach 

0.001 n/a n/a 

Detritivorous 
invert. 

Assumed to be same as soil 
invertebrate 

similar 
taxonomy 0.009 n/a n/a 

Flying insects Assumed to be same as soil 
invertebrate 

similar 
taxonomy 0.009 n/a n/a 

Gastropod Assumed to be same as soil 
invertebrate 

similar 
taxonomy 0.009 n/a n/a 

Grasses & 
Herbs Empirical data    0.015 84 44.4 

Lichen & 
bryophytes Empirical data (CR review)   0.071 Not stated Not 

stated 

Mammal (Deer) Empirical data  

No 
distinction 
made 
between 
mammal 
species 

0.0001 2 12.8 

Mammal (Rat) Empirical data  

No 
distinction 
made 
between 
mammal 
species 

0.0001 2 12.8 

Reptile Assumed to be same as bird 

Based on 
highest CF 
for 
vertebrate 
species 

0.0005 n/a n/a 

Shrub Empirical data    0.007 496 5555.6 
Soil Invert. 
(worm) Empirical data (CR review)   0.009 1 n/a 

Tree Empirical data    0.007 521 2331.2 
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Uranium-238: Freshwater ecosystem 

Reference 
organism 

Source of ERICA Default 
CR Rationale CR 

Value 
Number of 

observations 
(n) 

Range 
(max/min) 

Amphibian 
Assumed to be same as 
benthic & pelagic fish 
(vertebrate) 

assumed to 
be similar 
reference 
organism 

30 n/a n/a 

Benthic fish Empirical data   30 11 666.7 

Bird 
Assumed to be same as 
benthic & pelagic fish 
(vertebrate) 

assumed to 
be similar 
reference 
organism 

30 n/a n/a 

Bivalve mollusc 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

180 not stated not stated 

Crustacean Empirical data   500 2 62.5 

Gastropod 
Environment Agency 
(2003) methodology for 
Habitats regulations 

from 
published 
reviews 

180 not stated not stated 

Insect larvae Assumed to be same as 
crustacean 

assumed to 
be similar 
reference 
organism 

500 n/a n/a 

Mammal 
Assumed to be same as 
benthic & pelagic fish 
(vertebrate) 

assumed to 
be similar 
reference 
organism 

30 n/a n/a 

Pelagic fish Empirical data   30 11 666.7 

Phytoplankton Empirical data   120 3 3.1 

Vascular plant Empirical data   2900 9 306.5 

Zooplankton Empirical data   48 4 5 
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C-6.  How reasonable are the adopted Kd values in describing the specific 
associations identified (e.g. the ratio of the activity concentration in 
freshwater sediments to the activity concentration of a specified 
radionuclide within water)? 

 
Score Empirical Quality 

5 The Kd is supported by a large number of direct 
measurements (controlled laboratory and/or field 
observations), with a tight range of values 

4 The Kd is supported by historic data, less controlled 
experiments, a moderate number of direct 
measurements or with a broad spread of values 

3 The Kd is based on a small number of direct 
measurements or on indirect measurements, for instance 
related components of the system, but is relevant to the 
radionuclidei 

2 The Kd is based on very few direct measurements or on 
extrapolated information available for a similar element in 
this system; or for this element in a similar system 

1 The Kd is based on extrapolated information derived 
from data for another element in a related system 

 
 

Radionuclide Kd 
(L/kg) Source  

C-14 5 IAEA SRS 19 (2001) 

Cl-36 1 Educated guess 

Ni-59 2.00E+04 IAEA TRS 422 (2004) (saltwater) 

Se-79 3.00E+03 IAEA TRS 422 (2004) (saltwater) 

Nb-94 8.00E+05 IAEA TRS 422 (2004) (saltwater) 

Tc-99 5 IAEA SRS 19 (2001) 

I-129 3.00E+02 Coughtrey et al (1983) 

Cs-135 1.37E+05 Draft updated TRS364 - in situ Kd 

Pb-210 1.00E+05 IAEA TRS 422 (2004) (saltwater) 

Po-210 2.00E+07 IAEA TRS 422 (2004) (saltwater) 

Ra-226 1.52E+04 Draft updated TRS364  

Th-230 1.84E+07 Draft updated TRS364  

Np-237 10 IAEA SRS 19 (2001) 

U-238 50 IAEA SRS 19 (2001) 
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