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Motivation and Objectives

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

• Study groundwater dynamics in 
permafrost environmentsp

• Hypothesis 1: Improved 
groundwater availability

• Hypothesis 2: Groundwater flowHypothesis 2:  Groundwater flow 
increases permafrost degradation

4http://www.mddep.gouv.qc.ca/eau/piezo/index.htm
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Conceptual
Cryo-hydrogeological Model
(Lemieux et al, 2019)
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Conceptual Model – Heat transfer
Boundary conditions and initial conditions (1900)
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Permafrost Geothermal Heatflux = 0.032 W/m2



Heatflow/Smoker
(Molson & Frind 2019) ⎛ ⎞λ

Air-Ground 
Thermal Boundary Condition

(Molson & Frind, 2019)
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Coupled processes : 
Groundwater flow,  heat transfer,  freeze/thaw
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Model Calibration
Ground properties: 10 cm depthTemperature Profiles

Unfrozen water content
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Simulated Flow System & Temperatures
1900 20171900-2017

Flow
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HEATFLOW model 
(Molson & Frind, 2019)
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Parameter Sensitivity (PEST)
Sensitivity (%)Sensitivity (%)(Alb t l 2019)
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Take-Home Points:
• Groundwater flow can contribute to permafrost 

thaw from above and below 

• Most sensitive to surface and 
f tinear-surface properties

• Groundwater flow canGroundwater flow can 
maintain cold T downgradient

• Thaw rate at Umiujaq : 
• surface: 12 cm/yr
• base : 80 cm/yr
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• base :        80 cm/yr
� complete thaw by ~2040 ?
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