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• Deep borehole disposal demonstration project

• Multi-barrier system for Deep Borehole Disposal

• Safety Functions

• Streamlining RD&D

• Example RD&D activities
 Confirming diffusion dominated transport
 Radionuclide sorption: Molecular Dynamics Simulation
Durable coatings for waste containers
Geological fault network analysis/FE mesh generator and fault modelling
 Borehole mechanical stability modelling
 Temperature evolution in borehole & host rock
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Deep borehole disposal 
demonstration project

Full-scale demonstration tests:
Characterisation borehole (~2000 m)
Drilling deep, large-diameter hole 
(0.7-m diameter, ~2000 m deep)
Waste emplacement testing of dummy 
canister & seal emplacement
Proto-type waste package

Pre-/post-closure assessments:
Intermediate-level waste (glass, synroc)
Various other waste types/forms
Various scenarios
Safety case
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Multiple-barrier system in a deep borehole
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Multiple safety functions: I-C-R
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Streamlining RD&D 
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Petrophysical properties

Confirming diffusion dominated transport - 2
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• Environmental tracers (He, Ne, Ar, Xe)

Confirming diffusion dominated transport - 3
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What can fluid inclusions tell us about host rock?
• How old are the fluids compared

to the age of the rock? Ne & Ar isotopes

Melt inclusions

• Any more recent processes involving fresh 
groundwater? Ne & Ar isotopes

• Provenance and residence time of groundwater
(isolated system)

Fully automated, high throughput multi-
Collector noble gas mass spectrometer

Primary inclusions

Secondary inclusions
What are fluid inclusions?

• Trapped fluids inside 
minerals (voids in crystals)

• Heterogenous composition
• Gases, liquids and solids 
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12 
TON

2-3 g quartz

Quartz separation
& purification 

Loading of vacuum 
crusher

Crusher connected 
to noble gas MS

Crushing & noble 
gas analysis



Molecular Dynamics 
Simulation of RN sorption

• Na-montmorillonite clay (Smectite)
• Aqueous solution: Na+, CO3

2-, UO2
2+

• 0.162 M uranyl carbonate 
• KD calculated from atomic density profile

• KD = 58 - 151 mL/g : similar to 
independent results from SANDIA (15 –
200 mL/g) 

• Poly-nuclear U-species:
Adsorbed: [(UO2)5(CO3)5]0

Aqueous: [Na2(UO2)5(CO3)6]0
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O (red); H (white); Na (blue); U (purple); C (light blue).

Simulation box: 2.6x2.7x7.9 nm
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• Overpack/disposal container: mild structural steel 
+ metal coating

• Literature review on coatings identified cold spray 
as most promising technology (minimal porosity, 
no high T effects)

• Cold spray uses supersonic particle velocities to 
deposit a dense layer of metallic powder on the 
surface of components

• Coating materials:
 Titanium, Copper, Nickel, Chromium, Ni-Cr alloys, 

Tantalum
 Composites (metal  + ceramic)

• Benefits: surface property modification (corrosion 
and/or wear resistance)

• Corrosion & Abrasion testing underway

Durable coatings for 
disposal containers
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Geological fault network analysis/
FE mesh generator
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Geological fault modelling: chemical transport
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• NF & HR subject to perturbing 
processes:
THMC

• Thermal evolution from ILW
 low heat load (50 W/canister)
 sensitivity analysis
 disposal depth
 heat load
 geothermal gradient
 thermal properties

• TH evolution
 Negligible convection

Temperature evolution in borehole 
& host rock
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• Borehole breakout 
simulations using 
FRACOD

• Field-data available
• Exploratory analyses
 Effect of rock 

strength
 Effect of heating/ 

cooling
Effect of pre-existing 

fracture networks + 
effect on 
permeability

Borehole mechanical stability modelling
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Breakouts at 2000 m depth - granite
-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

X Axis (m)

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Y
 A

xi
s 

(m
)

-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
X Axis (m)

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Y
 A

xi
s 

(m
)

Deep borehole disposal - Borehole breakout - 2000m deep
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Our Noble Gases on Record
[explanatory video of CSIRO’s noble gas 
capability in the groundwater sciences] 
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