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Recent climate variability and impacts 
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Motivation and Objectives 

• Provincial Groundwater Monitoring 
Network   

• Assess the impacts of climate 
change on  groundwater resources 
(Quebec Climate Change Plan) 

• Immatsiak network (meaning 
“source of fresh water” in 
Inuktitut), Umiujaq 

• Study the groundwater dynamics in 
permafrost environments 

• Hypothesis 1: Improved 
groundwater availability 

• Hypothesis 2:  Groundwater flow 
increases permafrost degradation 
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Drilling campaign June 2012 



Sampling campaign July 2013 
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November 2014 
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Conceptual Cross-Section 
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HEATFLOW/SMOKER Model 
(Molson & Frind 2014) 
 

• 3D Galerkin finite element 

• Deformable brick elements 

• PCG symmetric matrix solver 

• Porous medium & discrete fractures 

• Heat, mean age & mass transport 

• Equilibrium geochemistry 

• Liquid & ice phases, latent heat 

• Picard iteration 
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Heatflow/Smoker Model

3D Thermal Energy Storage Simulation

Borden Field Experiment.: 104 days after injection

Borden Thermal Injection (ATES)  
(Molson et al. WRR, 1992) 
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Thermal tracers: DFN 
(Pehme et al., J. Hydrol. 2013) 

GW/SW Interaction 
(Kalbus et al., Hydrol. Earth Syst. 

Sci.,  2009) 



Numerical Simulation Approach: 
HEATFLOW/SMOKER 
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Heatflow/Smoker Model

3D Thermal Energy Storage Simulation

Borden Field Experiment.: 104 days after injection

Borden Thermal Injection 
(Molson et al. WRR, 1992) 

 

104 days after injection 





Conceptual Cross-Section 
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Case B: (warmer) 

Base T=  +2 ˚C 

Initial T=  +5 ˚C 

Ice     T=  -5 ˚C 

Air  Tmin= -20, A= +25 ˚C 
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