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The United States needs 
to find a long-term 

solution for nuclear waste
DOE-Nuclear Energy(DOE-NE) 

is researching 
“Generic Repository concepts 

through the 
Spent Fuel and Waste Disposition Program

Salt, argillite, and crystalline 
are the three primary 

geologic targets
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Why Salt ?
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Salt long-term benefits as disposal medium

• Low connected porosity (𝟎𝟎.𝟏𝟏 vol-%) and permeability (≤ 𝟏𝟏𝟎𝟎−𝟐𝟐𝟐𝟐 𝒎𝒎𝟐𝟐)

• High thermal conductivity (~𝟓𝟓 ⁄𝑾𝑾 (𝐦𝐦 ⋅ 𝐊𝐊))

• No flowing groundwater (≤ 𝟓𝟓 wt-% water)

• Plastic salt flows back around waste 
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Process-level Modeling Goals
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 Demonstrate understanding of repository processes

 Gain confidence in long-term predictions

 Uncertainty reduction

 Integrate process-level physics into performance 
assessment

 Understand the role of pore water, fluid inclusions, 
and mineral dehydration

Model

Data
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Salt THMC Couplings
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Deformation (strain) F(stress, time, saturation, temperature)
Vapor pressure lowering F(capillary pressure, salinity)
Porosity F(dissolution, precipitation, stress, strain)
Thermal conductivity F(porosity, saturation, temperature)
Permeability F(dissolution, precipitation, porosity, saturation)
Capillary pressure F(porosity, saturation, temperature)
Water vapor diffusion F(porosity, saturation, temperature)
Clay dehydration F(temperature)
Salinity F(temperature)
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THMC: Long-term Compaction and Sealing Example
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Simulation indicates areas of 10% porosity at 1000 years (permeability ≈ 10-15 m2)

Asse Mine Validation Future Prediction to Complete Sealing

• Thermal-mechanical-induced compaction most important 
at this scale (LBNL  Blanco-Martin et al., 2018)

TOUGH-FLAC
SIMULATIONS
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THC Coupling: Evaporation example
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• WIPP evaporation experiment

• Simulated using FEHM
fehm.lanl.gov

Simulation driven with changing drift air humidity
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What Are We Doing?
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New BATS core 

New BATS boreholes

Brine Availability Test in Salt at WIPP (BATS)

Monitoring brine distribution, inflow, and chemistry from heated 
salt using geophysical methods and direct liquid & gas sampling.

Presenter
Presentation Notes
WIPP is 2150 ft bgs.   
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WIPP details
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2150 ft bgs

1 mile long

0.5 miles wide

12 miles of drifts 

URL

Presenter
Presentation Notes
600 m thick Permian salt bed   250 million yrs old salt. 
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Underground Research Laboratory at WIPP
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Underground Research Laboratory at WIPP

to

BATS Shakedown Test

BATS

Presenter
Presentation Notes
600 m thick Permian salt bed   250 million yrs old salt. 
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BATS Shakedown Test : Motivation
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June 2018 – May 2019 

Thermal testing in an existing borehole

First thermal borehole test in salt in the USA since the early 1990s

Underground 
Worker TrainingHeater designExisting boreholes
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BATS Shakedown Test : Design
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BATS Shakedown: Simulations Assist Design
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3D Borehole heater 
simulation domain

Side view along the horizontal hole

Drift view 
looking into 

horizontal hole

Packer Heater

0 m                                                   7 m
Meters from the drift face

0 m

3 m

20 m

Zoom into the heater mesh
0.3 m

20
 m

THC Model 
of 

Shakedown Test

1 million nodes
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BATS Shakedown: Simulations Assist Design
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Full contact 
(prediction) sim

Small contact 
(conduction) sim 

Data at 0.3 m
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Simulations 
compared to 

shakedown data 
show that        

infrared heating 
would better 

transfer heat to 
the rock salt.

Poorly performing block heater
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BATS Shakedown: Modeling Improved Heater Design
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Metal 
block 
heater

Small 
infrared 
(IR) heater

Design IR 
heater 
power
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BATS Shakedown Test : Pressure decay 
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Simulations require long-term pressure decay due to drifts + boreholes

Shakedown Test begins

(MPa)
Atmospheric Pressure = = In-situ rock pressure

ATMATM

Presenter
Presentation Notes
Mention that the low perm would cause 12  Mpa to not decay much in the 3 months of the sims.  NOT AT EQUILIBRIUM>
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BATS Shakedown Test : Saturation decay 
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Simulations require long-term saturation decay due to drifts + boreholes

Shakedown begins

ATMATM
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BATS Shakedown Test : Water production
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Water flowing into the borehole is extracted by nitrogen gas

FEHM THC
simulation
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BATS Shakedown Test : Water production
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1-D calculation with a boundary at the borehole wall

LBNL THMC 
simulation
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Path Forward : BATS test starting Fall 2019
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Questions ?
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Importance of Thermal-Hydro-Mechanical-Chemical 
(THMC) Processes in Salt

• Performance Assessment

• Safety Case

• Roadmap

• International

Fluid inclusions

Heat Pipe
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Salt Complexities
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Near-field short-term complexities

• Hypersaline brine is corrosive

• Salt is very soluble in fresh water

• Brine chemistry requires Pitzer

• Salt creep requires drift maintenance

HCl acid destroyed our oven
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