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A study of methods for analysis of consequences for 
very low-level radioactive waste disposal



Objective

The objective of the research study was to review 
international guidance and to develop methods and 
recommendations to support SSM’s review of applications 
for disposal of VLLW. 

The study was financed by SSM and conducted by Shulan 
Xu at Xu Environmental Consulting AB and Ryk Klos at 
Aleksandria Sciences Ltd, UK.
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Background

The amount of VLLW in Sweden will increase in the near future 

– due to the decommissioning of several nuclear power reactors.

Shallow landfills are used in Sweden for VLLW from nuclear activities 
and are licensed under both the Act on Nuclear Activities (1984:3) 
and the Environmental Code. 

In the Ordinance on Nuclear Activities, SSM is given the mandate to 
license shallow landfill facilities up to an inventory limit of 10 TBq, of 
which a maximum of 10 GBq may consist of alpha emitters.

Shallow landfills are defined as an environmentally hazardous activity 
and must be approved under the Environmental Code by the Land 
and Environment Court. 

The Court and SSM can issue license conditions according to the 
Environmental Code. 



Overview of IAEA standards and activities

The IAEA requirements and guides cover disposal facilities for high 
level waste and low level waste and for landfill type facilities. 

A safety case and thorough safety assessment are still necessary for 
disposal facilities for low level waste. Some parts of the safety case 
and assessment for a near surface disposal facility may even need 
more effort than for geological disposal facilities. An example is 
assessment of human intrusion, which may be considered an event of 
low significance for a well sited geological disposal facility but may be 
considered almost inevitable for a near surface disposal facility. 
(SSG-23, IAEA 2012)
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An overview of IAEA safety standards and 
activities
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An overview of IAEA safety standards and 
activities

The safety case is the 
collection of scientific, 
technical, administrative 
and managerial 
arguments and evidence 
in support of the safety of 
a disposal facility

Components of the safety case
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IAEA

The IAEA has devoted considerable time and efforts to 
develop approaches for conducting safety assessments for 
near surface radioactive waste disposal facilities within 
coordinated research projects, such as
o ISAM (Improving Long Term Safety Assessment Methodologies for 

Near Surface Radioactive Waste Disposal Facilities), 

o ASAM (Application of Safety Assessment Methodology),

o PRISM (Practical Illustration and Use of the Safety Case Concept in 
Management of Near Surface Disposal) and 

o PRISMA, where ‘A’ refers to Application.
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An overview of IAEA safety standards and 
activities

The typical sequence of key decisions in the development 
of a disposal facility for radioactive waste 
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An overview of IAEA safety standards and 
activities

In PRISM project a so-called MASC matrix (Matrix of Arguments for a Safety Case) was 
developed
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Safety assessment methodology 

The ISAM project involved the review 
and enhancement of post-closure 
safety assessment methodologies and 
tools for both existing and proposed 
near surface radioactive waste 
disposal facilities.
o Provide a critical evaluation of the 

approaches and tools

o Enhance the approaches and tools

o Building confidence in the approaches and 
tools 

The ISAM methodology
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Safety assessment methodology 

The IAEA Biosphere Modelling and 
Assessment (BIOMASS) project, which 
ran from 1996 to 2001, developed the 
reference biosphere methodology, drawing 
on experience of its application and 
through development of several illustrative 
examples (IAEA 2003a).  

The BIOMASS Methodology is based on a 
staged approach in which each stage 
introduces further detail so that a coherent 
biosphere system description and 
corresponding conceptual, mathematical 
and numerical models can be constructed. Schematic illustration of the BIOMASS 

Methodology
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Safety assessment methodology 

The IAEA MODARIA II project 
provided an opportunity to draw on 
experience gained since 2001 to 
review and enhance the original 
BIOMASS methodology within the 
working group 6. 

SSM and STUK were active in WG 6 
and contribute a simplified method to 
identify a biosphere dose object for the 
safety assessment 
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Comments on selected safety assessments

Before one starts the review there are three questions: 
o What should be reviewed?  

o What are the criteria for the review? 

o How should the review be done? 

Methods used for the review of safety assessment are 
mainly document review, which could be supported by 
independent modelling.
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Independent modelling

Q1: 

a) reproducing the results 

b) doing the alternative 
modelling  

c) no independent modelling

Q2: Feasible to reproduce? 

Q3: Any errors or ambiguities

identified? 

Q4: Any remaining unresolved 
review

issues, e.g. conceptual model

uncertainty? 

Q5: Does SSM have access to an

alternative model? 

Q6: Sufficient understanding for

compliance evaluation?
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Review of previous applications to SSM with
safety assessments

The safety assessments can still be improved in the future, 
e.g., 
o a systematic approach as ISAM methodology could be adapted so that 

scenario generation and model development are based on analysis of 
FEPs of the disposal facility. 

o The use of a traceable and systematic approach helps to build 
confidence in the plausibility of resulting dose assessments

– Interaction between radionuclides and chemicals may need to 
be considered by both operator and regulator.
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A case study
A radiological post-closure assessment for the “RADON” type surface 
disposal facility in Chişinău, Moldova was performed as a case study to 
illustrate the application of ISAM and updated BIOMASS methodologies.

The radiological risk assessment of “zero alternative” was supported by 
SSM, Office for International Relations, to provide a basis for decision 
making regarding the decommissioning of the legacy radioactive waste.  
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The case study

The report (SSM 2019:12)
o The radiological risk assessment was performed according to ISAM 

and Biomass methodology. 

o Biosphere object was identified based on the site specific data. 

o A simple approximation expression was used to describe the 
concentration of contaminated soil.

o For simplicity irrigation interception was neglected

In this study
o A dynamic biosphere model was developed based on the site specific 

data and compared with simple approximation.

o Effect of neglecting interception in the irrigation was studied

o A fully probabilistic simulations and sensitivity analysis were 
conducted.

2021-11-03

Karolina Stark

Xu et al., 2021. Experiences in radiological risk assessment of a surface waste 
disposal facility in Chişinău, Moldova. J of Radiological Protection.



A case study

The objective of this radiological risk 
assessment was to provide a basis 
for decision making regarding the 
decommissioning of the legacy 
radioactive waste. 
o The main endpoint – annual effective 

dose to humans

o Environmental concentrations

o Assessment time scale was 100 000 
years

Percentage contribution to total radioactivity as a 
function of time

Assessment context
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A case study

Design scenario
o Well case

o Stream case

o What if case

Alternative scenarios
o Flooding

o Landslides

Human intrusion scenarios
o Residence

o Road construction 

Generation of a Set of Scenarios (SCE) According 
to Various States of the Disposal and Human 
Behaviour Components (IAEA 2004b)

Generation of scenarios
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A case study

In this assessment the GIS tool 
Global Mapper 19.1 was used 
to obtain catchment areas 
consistent with local topography 
and identify the relevant object 
areas based on the site specific 
DEM (digital elevation model) 
data provided in the 
Radiological Object Report. Catchments and streams around the disposal site

Identification of biosphere object
based on site specific data
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A case study

This case study showed how a systematic assessment approach can be 
performed to get confidence in the results through system description and 
uncertainty management
o Follow the ISAM methodology – generation of scenarios, model development

o A transparent description – pessimistic assumption i.e., readily release, no barriers

o Alternative models – simple approximation vs dynamic models

o Probabilistic simulations and sensitivity analysis – to identify key parameters  

It is important that an assessment at construction licence step is performed 
based on site specific information
o Identify biosphere objects

o Dilution issue – maximum dilution can be bounded   

Discussion and conclusion
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A case study

The ISAM methodology helps to provide assurance that the assessment has 
effectively addressed all potentially relevant FEPs and taken account of the 
ways in which combinations of these FEPs might produce qualitatively 
different outcomes. The systematic approach also provides the setting for 
demonstrating how uncertainties associated with the future evolution of the 
disposal system have been addressed and assimilated into the safety case.

The systematic approach means that the assessment should be transparent 
and assumptions and models are to be justified or supported by arguments 
and evidence.   

Discussion and conclusion
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Recommendations from the project
The regulator may need to develop regulations for disposal of radioactive waste in 
landfills so that requirements for a radiological risk assessment can be set up. 
o Criteria for dose constraints
o Environmental protection
o Waste acceptance criteria
o Requirements of a safety assessment 
o Etc.

A thorough understanding of radiological risk assessment methodology is the basis 
for the review. It includes the knowledge:
o Site investigation
o Construction of disposal facility
o Radiological risk assessment 
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Recommendations from the project

The MASC can serve as a checklist to make sure that all relevant safety 
case components have been addressed and to assess the relative 
importance of safety case arguments.

The document review can be complemented by independent modelling to 
get insight of operator’s assessment due to the complexity of the 
assessment.  

The issue of interaction of chemicals and radionuclides in landfills may need 
to be considered. 
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Thank you for your attention!


