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 RANGERS stands for: 
 Entwicklung eines methodischen Ansatzes zur Auslegung und 

zum Nachweis von geo-technischen Barrieren für ein HAW 
Endlager in Salzformationen Design 

 Methodology for design and performance assessment of 
geotechnical barriers in a HLW repository in salt formations

 Joint-Project between BGE TECHNOLOGY and SANDIA 
National Lab

 Project duration: 2020 - 2022 

What is RANGERS? 



3

 Main goals:
 Compilation of existing knowledge and experience for the design 

geotechnical barriers and compilation of new concepts and 
technologies on the subject of geotechnical barriers.

 Development of a methodology based on the state of the art in 
science and technology for the design and verification of 
geotechnical barriers.

 Preliminary design and verification of the geotechnical barrier 
system for the selected repository system based on the 
developed methodology.

 Comparison of design results according to the new methodology 
with results of previous design and assessment. 

Project Goals
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 Secondary goals:
 Estimation of the optimization potential of EBS in salt 

repositories 
 Analysis of the impact of gases on EBS in salt 
 Exploiting synergy effects between BGE TEC and SANDIA in the 

numerical treatment of EBS in the course of the overall safety 
assessment of salt repositories:
 The expertise of BGE TEC on numerical based design of EBS will 

be used for the dimensioning of the components of the EBS. 
 The expertise of SNL in the performance assessment of large 

repository systems will serve to analyze the geochemical evolution 
and radionuclide transport through the EBS 

Project Goals
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RANGERS Methodology

BGE TEC  SANDIA

Generic salt pillow model from KOSINA 
Reference shaft seal concept for salt  from ELSA

Drift seal concept from KOSINA

Based on FEP-Catalogue of VSG 

Based on insights from safety assessments in 
Germany ( VSG, Morsleben, ELSA)

Based on insights from performance assessments 
in the USA 
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Repository in the selected geological site
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Sealing concept: Shaft seals



8

Sealing concept: Drift seals
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Preliminary FEPs for EBS in salt formation
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 Reference Scenario: The EBS retains its function over 
50000 years
 Case 1: Water flow from overburden through the shaft to the 

disposal zones
 Case 2: Gas production inside the repository from corrosion of 

the casks 
 Case 3: Water source inside the repository from inter-/ 

intragranular salt solutions
 Alternative Scenario 1: Shaft seal loses its function and drift 

seals retain their function
 Same cases 

 Alternative Scenario 2: Shaft seal retains its function and 
drift seals lose their function
 Same cases  

Scenario relevant for EBS 
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Modelling Concept

  Integrity assessment:
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Modelling Concept

  Integrity assessment:
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Modelling Concept

 Performance assessment
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Modelling Concept

 Performance assessment
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Modelling Concept

 Interactions between integrity and performance 
assessment
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Numerical Model
 BGE TEC:

 T: Analysis of the thermal evolution in the EBS components
 H: 1-phase hydraulic evolution of the repository  
 TM-compaction of crushed salt in the repository – determination of permeability function 

 SANDIA: 
 Performance Assessment Simulations 
 Gas transport simulations 
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 Goal: Determination of the temperature increase in the EBS

Thermal evolution in the repository 
(BGE TEC)
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 Temperature evolution in the drift seal

Thermal evolution in the repository 
(BGE TEC)
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 Temperature evolution in the shaft

Thermal evolution in the repository 
(BGE TEC)
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 Goal: Determination of porosity/permeability-function for PA

Thermomechanical compaction of 
crushed salt in the repository (BGE TEC)

t= At the closure of the repository, t = 32 a  
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 Goal: Test of the capacity of PFLOTRAN to simulate the 
relevant processes considered in the scenario evolution

 Assumption for the test case: 
 Two-phase flow of air and water
 Drifts, seals, and shafts are initially air-filled
 Host rock is initially water-filled
 20 years pressure equilibration, then heating
 Small inventory: 765 Pollux-10 and 279 Pollux-9 canisters
 Individual waste packages not resolved
 Assumed fuel 100 years out-of-reactor

 Next step: more realistic scenarios

Demonstration PFLOTRAN Simulations 
(SANDIA)
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PFLOTRAN Simulations (200 yr)
 Seals re-saturating and gas pressure increasing
 Flow in hostrock confined to near repository
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PFLOTRAN Simulations (2000 yr)
 Seals resaturating and gas pressure increasing
 Flow in hostrock confined to near repository
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 A methodology for the for design and performance assessment of 
EBS in a HLW repository in salt formations has been developed 

 The methodology has been applied for the preliminary design of the 
EBS of a generic repository system in Germany based on the 
generic salt pillow model developed in the KOSINA project 

 The methodology is now being used to assess the integrity of the 
EBS and the long term evolution of the repository system:
 A unique numerical model used at BGE TEC and at SANDIA has been 

developed for this purpose
 First results show that the temperature evolution in the EBS remain transient in 

the first 2000 years 
 The evolution of the compaction of crushed salt in the repository will be used to 

derive the time dependent permeability in the repository mine 
 The capabilities of PFLOTRAN to analyse all relevant processes occurring in the 

near- and far-field of the repository system have been successfully shown 

Conclusions
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 Structural integrity of the drift seals 
 structural integrity of the shaft seals
 Performance Assessment Simulations of the whole repository using 

the realistic geological material parameters and the actual waste 
inventory available in Germany

 Model optimizations and several case studies 

Next steps



Questions?

Thank you for your attention!
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