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CLASSIFICATION OF 
TYPES OF SAFETY 

ASSESSMENT 

SAFETY ASSESSMENT (SA) 
¾ PRELIMINARY SA  (PSA); 

¾ SA CASE  (SAC); 

¾ POST CLOSURE SA (PCSA)

TECHNICAL 
SUBSTATION OF SAFETY 

(TSS) 

ASSESSMENT OF 
INFLUENCE ON 

ENVIRONMENT (AIE) 

PROBABILISTIC 
APPROACH DETERMINISTIC 

APPROACH 

ANALITICAL 
APPROACH 

  WHEN? 

  HOW? 

Licence procedure   WHY? 

Requirement from Regulatory 
- As additional evaluation of 
technical substation of safety 
including risk assessment of all
facilities and supply systems – 
electricity, fire-precaution, 
transport vehicles and 
facilities, etc.  

Licence procedure 
Regulatory requirement for:      
- Site selection procedure; 
- Repository exploitation; 
- Repository closure 

1.  PSA – is applicable for repositories and    site 
selection when there are numerous of uncertain 
parameters used as input data for evaluation; 
2.   SAC – is applicable in cases when there are 
changes of input parameter values, monitoring 
results indicating that there is change in radio 
ecological situation, there exists need to take 
repository design decisions; 
3. PCSA – when the repository closure plan is 
developed   and there is a regulatory approval of the 
post closure strategy.   

Licence procedure 
Must be approved by 

Ministry of Environment 
and Waters  

Requirement from Regulatory 
- As additional independent 
evaluation of repository 
influence on environment on 
the base of technical substation 
of safety, safety assessment.  



Stage 1- Criteria selection
Stage 2 - Information collection
Stage 3  - Safety analysis conduction
Stage 4 - Safety assessment   documentation
Stage 5 - Draw up the requirements

APPROACH APPLIED FOR TECHNICAL SUBSTATION 
OF REPOSITORY SAFETY

Review of:
• changes in the facility’s
functions,
• operational practice,
•reconstruction since 1994

Defining of interfaces:
• Like part of RAW
Management system;
• As stage from life cycle of the
repository

Review of:
• National regulative
framework,
• IAEA requirements,

Results:
Set of criteria for safety

level assessment

Stage 1



Environmental scanning

Facility description

Hazardous inventories
description

Management and
organization description

Operational and
maintenance practice
description

Personal qualification

Radiation protection
description

Quality assurance
system description

Results:
Actual conditional
parameters of the facility,
necessary for safety
analysis

Stage 2



Qualitative analysis

Analysis
management and

organization

Accident analysis

Process modeling

Probabilistic
analysis

Scenarios’
modeling

Identification of hazard
sources (radiation, non-

radiation) and of initiators for
incidents and accident

processes

Input data
evaluation,
parameter
definition

Quantitative analysis

Analysis
documentation,

presentation
and

interpretation of
the results

Sequence
calculation

Model
realization

Quality
Assurance

Stage 3



Results of TSS (1997) and future work

TSS
Repository is operated until  2025
Operational safety for disposal of waste in existing disposal

facilities only for disposed RW
� Spilling of waste package during unloading and

disposition into disposal vaults – annual risk 7.58.10-9

� Spilling of waste package as result of transport accident
on the site – annual risk 2.90.10-9

� Fire scenario on the site due to transport accident or
surrounding forest fire – annual risk 3.50.10-13

� Release of radionuclides to the environment due to
flooding or earthquake – annual risk 5.05.10-4

The new version of TSS is under development.



 

Results 

DEFINITION OF SAFETY 
ASSESSMENT APPROACH 

SA SCOPE 

Radiological Criteria

Definition of the SA 
End points 

Regulatory 
Requirements and 

Exclusions 

Time Scales 

Disposal units and 
engineer barriers - 

characteristics 

 
Radioactive waste – 

data and characteristics

Geological and 
Hydrological 

characteristics 

Development of the 
preliminary configuration of 

scenarios 

Screening of the 
relevant FEPs 

Description of Process 
System and review FEPs

Screening of the 
preliminary set of 

scenarios 

Identification and definition of 
corresponding to the 

assessment context basic 
scenario and alternative 

scenarios  
 

 
Adequate 

Safety case 
Comparison with 

radiological criteria 
 

Safe results 

Graphical presentations

Quality assurance 

Comments, 
Results 

interpretation, 
Sensitivity analysis 

Conclusions DISPOSAL 
SYSTEM 

DESCRIPTION 

ASSESSMENT 
CONTEXT 

DEVELOPMENT AND 
JUSTIFICATION OF 

SCENARIOS 

FORMULATION OF 
THE MODELS 

CALCULATIONS 

DEFINITON ASSESSMENT GOALS 

Confidence building 
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Development of 
conceptual models 

Implementation of the 
applicable mathematical 

models 

Preparation of Input model 
data 

Monitoring 
data 

Climate, 
 Diet, 

Demographic 
characteristics 

and data

Geochemical 
characteristics

1 2 3 4 5 6 

Sequence of the SA Steps

REPORT 

Validation and verification  of 
the models, computer codes 

and parameters 

No

Yes

METHODOLOGICAL APPROACH APPLIED FOR SA (PSA, SAC and PCSA)



Backfill materials 

Precipitation 

Evaporation
Root absorption

Infiltration 

Percolation 

Engineer 
Barriers 
Fracturing 

Percolation

Percolation

Homogeneous mixture 
of backfill materials and 

waste 

Concrete Cubs with 
conditioned waste 

Compacted Cover Layer

Transpiration

Cement Soil Pad 

Concrete Base 

Unsaturated zone 1 

Unsaturated zone 2 

Unsaturated zone 3  

Aquifer 

Evaporation 

Water Extraction

 

 

Unsaturated zone – 3 layers

Porous media

Unsaturated water-soil 
solution 

Transport time –Delay (buffer) 
time 

Radionuclide concentration in 
ground water 

Unsaturated 
soil conditions

20 m

Saturated zone

Water Extraction

Initial radionuclide activity

Groundwater level 

250 m

EXAMPLE1 - PSA

Future Repository for
LLRW from NPP
Kozloduy-Site Selection



 

Disposal unit Concrete Base 

Unsaturated zone 3 

Aquifer 1 

Aquifer 2 

Aquifer 3 

Leaching 
 

Flow 01 

Uns. Flow 3 

Dispf 1 Dispb 1 

Dispf 2

Flow 2 

Flow 3 

Aquifer 4 

Aquifer 5 

Flow 4 

Flow 5 

Dispf 3 Dispb 3

Dispf 4  Dispb 4 Dispf 5

Dispb 5 

Flow 6 Aquifer 6 

Dispf 6 Flow 7 Dispb 6 

Aquifer 7 

Aquifer 8 

Aquifer 9 

Aquifer 10 

 Other Aquifer 

Final Aquifer 

Flow 8 

Flow 9 

Flow 10 

Flow 11 

Dispf 7

Dispf 8

Dispf 9

Dispf 10

Dispb 7 

Dispb 8 

Dispb 9 

Dispb 10 

Other Flow  

Water Extraction 

Receptor,  

Dispb 2 

Unsaturated zone 2 Unsaturated zone 1

Flow 0 

Cement-Soil Pad 

Uns. Flow  1 

Uns. Flow  2

Modeling by AMBER



Results from Example 1









EXAMPLE2 - PCSA

Repository for L&ILRW Novi Han

Backfill Material  

Concrete Base  

Precipitation 

Evaporation 
Root Uptake 

Infiltration 

Percolation  

Degradation of 
Waste and 
Engineered 

Features  

Disturbed Geology  

Percolation  

Percolation  

Homogeneously Mixture 
of Waste a and Backfill 

Material  Plastic bags waste 
packages  

Unsaturated Natural Soil  

Compacted Cap 

 

Unsaturated Zone
Beneath the Disposal Zone

Porous Medium 

Unsaturated Soil Water
Travel Time 

Used a Delay Time 

Concentration of radionuclides 
in Groundwater

Natural 
Unsaturated 

Soil 

Saturated Zone

Abstracted Groundwater

Initial Concentration 
of radionuclides in Near Field 

Fracture System

Potentiometric Surface

Precipitation 

Unsaturated Zone
Beneath the Disposal Zone

Porous Medium

Unsaturated Soil Water
Travel Time

Used a Delay Time

Concentration of radionuclides 
in Groundwater

Natural 
Unsaturated 

Soil

Saturated Zone

Abstracted Groundwater

Initial Concentration 
of radionuclides in Near Field

7 m

Unsaturated Zone
Beneath the Disposal Zone

Porous Medium

Unsaturated Soil Water
Travel Time

Used a Delay Time

Concentration of radionuclides 
in Groundwater

Natural 
Unsaturated 

Soil

Saturated ZoneSaturated Zone

Abstracted Groundwater

Initial Concentration 
of radionuclides in Near Field

7 m

Fracture
Matrix

Reference
System

Animal
Intrusion



 

Unsaturated Natural Soil 

Percolation 

Evaporation

Infiltration 

Precipitation 
Transpiration 

Root Uptake 

Ponding 

Unsaturated Zone
Beneath the Disposal Zone

Porous Medium 

Unsaturated Soil Water
Travel Time 

Used a Delay Time 

Concentration of radionuclides 
in Groundwater

Natural 
Unsaturated 

Soil 

3-4 m 

S a tu r a te d  Z o n

Abstracted Groundwater for 
irrigation and Personal use 

Initial Concentration 
of radionuclides in Near Field 

 

Unsaturated Zone 
Beneath the Disposal Zone 

Porous Medium 

Unsaturated Soil Water 
Travel Time 

Used a Delay Time 

Concentration of radionuclides 
in Groundwater

Natural 
Unsaturated 

Soil 

3 m 

Saturated Zone

Abstracted Groundwater

Initial Concentration  
of radionuclides in Near Field 

Potentiometric 
Surface

Cap Subsidence

Climate Change

Geological Change



SOIL
Concentration

(Irrigation

ANIMAL
Ingestion

(Drinking)

HUMAN
Ingestion

(Drinking

WELL
Water

Concentration

CROP
Concentration

Root
Uptake

ANIMAL
Concentration

HUMAN INGESTION
(Beef, milk, vegetables,grain)

DOSE 
TO 

MAN

SOIL
Concentration

(Irrigation

ANIMAL
Ingestion

(Drinking)

HUMAN
Ingestion

(Drinking

WELL
Water

Concentration

CROP
Concentration

Root
Uptake

ANIMAL
Concentration

HUMAN INGESTION
(Beef, milk, vegetables,grain)

DOSE 
TO 

MAN

Root Uptake 

Suspension 

SOIL

ATMOSPHERE
(Dust) 

DOSE TO 
MAN 

(INTRUDER)

WELL 

CROP 
(green and root veg.)

WASTE

Drinking Borehole water

Inhalation

External Irradiation &
Inadvertent Ingestion

 

Inhalation
Suspension 

 
WASTE 

 
ATMOSPHERE 

(Dust) 

DOSE TO 
MAN 

(INTRUDER)

External Irradiation 

Inadvertent Ingestion 

REFERENCE SYSTEM

HOUSE CONSTRUCTION
AND RESIDENCE

INTRUSION SCENARIOS

ROAD CONSTRUCTION



RESULTS FROM CALCULATIONS –TOTAL DOSES -
REFERENCE SYSTEM- WHOLE REPOSITORY

TOTAL DOSE – 3,70E-08 Sv/a
MAIN CONTRIBUTOR – DISPOSAL UNIT FOR SOLID
WASTE
KEY RADIONUCLIDE – 14C
MAIN PATHWAY – INGESTION
THE TOTAL DOSE IS WELL BELOW THE
RADIOLOGICAL CRITERIA – 3E-04Sv/a



RESULTS FROM CALCULATIONS –TOTAL DOSES –
CONSEPTUAL SCENARIOS  - WHOLE REPOSITORY

� FRACTURE MATRIX – 2,50E-07 Sv/a
� CAP SUBSIDENCE – 5,67E-08Sv/a
� ANIMAL INTRUSION – 5,56E-06Sv/a
� MAIN DISPOSAL UNIT - SOLID WASTE
� MAIN PATHWAY – INGESTION
� THE TOTAL DOSES ARE HIGHER THAN THE

RESULTS FOR REFERENCE SYSTEM BUT IS WELL
BELOW THE RADIOLOGICAL CRITERIA – 3E-04Sv/a



RESULTS FROM CALCULATIONS –TOTAL DOSES –
ALTERNATIVE EVOLUTION SCENARIOS  - WHOLE

REPOSITORY
� GEOLOGICAL CHANGE – 1,87E-07 Sv/a
� CLIMATE CHANGE – 1,24E-07Sv/a
� HUMAN INTRUSION – KEY DISPOSAL UNIT – SSS,

KEY RADIONUCLIDES – 137Cs, 239Pu, 226Ra
� ROAD CONSTRUCTION - 4,6E-03Sv/a
� HOUSE BASE CONSTRUCTION – 1,42E-02Sv/a
� HOUSE CONSTRUCTION - 2,59E-02Sv/a

� THE TOTAL DOSES OF INTRUSION SCENARIOS ARE
BELOW THE RADIOLOGICAL CRITERIA FOR
INTRUSION SCENARIOS - 10-100 mSv



DISCUSSIONS, CONCLUSIONS AND
RECOMMENDATIONS

¾ GENERAL

¾ ABOUT CLASSIFICATION

¾ ABOUT POSSIBILITIES FOR APPLICATION OF
DIFFERENT TYPES SA

¾ ABOUT NEW REGULATION REQUIREMENTS

¾ CONCLUSIONS AND RECOMMENDATIONS


