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EBS Activities and Scope

 Working to understand of fundamental processes
• Integrity of Repository Seals

• Drift and shaft seals
• Degradation evolution, esp. permeability evolution

• Processes at material interfaces
• Engineered materials and Disturbed Rock Zone (DRZ)
• Waste Package materials and backfill/buffer

• Representing and understanding complex processes
• Coupled processes

– Chemo-mechanics
– Thermal-Hydrologic-Mechanical-Chemical

• Multi-phase flow
• Multi-scale phenomenon

– Linking microstructural scale to continuum scale
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 Modelling teams simulate the FEBEX Test at 
the Grimsel Test Site in Switzerland

 3-dimensional Thermal-Hydrologic Model using 
PFLOTRAN

 Good agreement with experimentally measured 
temperatures and liquid saturations

 Sensitivity study using DAKOTA-PFLOTRAN to 
examine model sensitivities, including heater 
power, buffer and host thermal conductivity, 
relative humidity, air entry pressure, and van 
Genuchten parameter

TH Models for Engineered Barrier Systems Task Force 
Task 9
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 Cement-geomaterial interaction (chemical alteration, mechanical effects)
 Leaching tests using EPA 1315, 1315 leaching methods coupled with state-of

-the-art characterization: X-ray micro-CT, nano-indentation, 
mineralogy/elemental analysis via electron microscopy

 LeachXS software is the 1-dimensional analysis method
 Compare and extend capabilities with 3-dimensional PFLOTRAN simulations

Cement-degradation and Cement-Geomaterial Interactions
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 Waste canister-buffer-host interactions 
investigated at hydrothermal conditions 
(e.g. steel-bentonite-granite in 
representative host pore solution)

 Recent tests have been also adding 
cementitious materials to the 
hydrothermal tests

 Post-test elemental fluid analysis and  
X-ray diffraction and electron 
microprobe analysis for mineralogic 
and elemental analysis of interfaces 
and surfaces alteration

 Testing to support high temperature 
studies, e.g. HotBENT

Hydrothermal Alterations at Material Interfaces 
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 Thermal-Hydrologic-Mechanical- 
Chemical modeling of buffer evolution 
using specialized constitutive models for 
clay swelling, esp. at high temperatures

 Uranium Sorption to bentonite to 
determine/improve distribution 
coefficients, so-called Kd values.

 Oedmetric swelling tests coupled with 
molecular dynamics simulations

 Microscopic origins of coupled transport 
in bentonite

Bentonite Buffer Studies across Processes 
and Length Scales
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 THC model to predict the evolution of 
Wyoming bentonite (MX-80) to be used in 
the HotBENT field test

 ~ 3 years, most of bentonite would become 
fully saturated, but a narrow zone about 3 
cm thick in the close vicinity of heater would 
remain unsaturated with a water saturation 
degree from 95% to 98% until 20 years.  

LBNL Benchtop Column Test to Support Hot BENT 
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 In June 2019, hydration was started in both 
columns, and heating was applied to one column.  

 In FY19–20, columns were monitored 
continuously for hydration, temperature 
distribution, effluent chemistry, and density 
changes

 Effluent chemistry showed differences between 
the heated and non-heated columns, specifically, 
sulfate, calcium, potassium and magnesium 
reduction and silicon and potassium production 
occurred in the heated column.  

 Feature Test for EBS Task Force Modelling 
Exercise

Hot BENT and the LBNL Hot BENT Column 
Test
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 DECOVALEX 2023 Task B and Task C
 Engineered Barrier System Task Force New 

Tasks
• Cement-Bentonite Interactions
• HotBENT Column Test at LBNL

 RANGERS - shaft and drift performance study 
in collaboration with Germany

 HotBENT Field Test
• High temperature bentonite field test
• HotBENT Column Test at LBNL

EBS Involvement with International Activities
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