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Introduction: Benchmark 1 (T1) 

1. Proposed by Lunardini (1981) 

(Heat Transfer in Cold Climates, p. 393-396) 

2. Three zones within domain: frozen, “mushy”, and unfrozen 

3. Very useful as a numerical model benchmark because it  

allows for a finite freezing temperature range 

4. Requires a ‘hack’ because diffusivity in mushy zone is constant 

McKenzie et al. (2007, AWR) 



Introduction: Benchmark 1 (T1) 

McKenzie et al. (2007, AWR) 

Have to solve two 

other simultaneous 

equations to obtain  

T1 T2 
T3 



Methods: Benchmark 1 (T1) 

McKenzie et al. (2007, AWR) 

McKenzie et al. (2007, AWR) 



Results: Benchmark 1 (T1) 

McKenzie et al. (2007, AWR) 

Uses temperature as the 

benchmarking variable 



Introduction: Benchmark 2 (TH1) 

1. Based on earlier work by Fel’dman (1972) and Lunardini (1998) 

2. Can accommodate heat advection, and thus is an ideal benchmark 

for cold regions groundwater flow and energy transport codes. 

Kurylyk et al. (2014, AWR) 

Uses depth to thawing 

front as the 

benchmarking 

variable 
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Methods: Benchmark 2 (TH1) 

SUTRA Setup 

1. Single 2m tall column with 2000 rows  

2. Specified flux at top (and bottom) 

(permeability is immaterial) 

3. Pi > 0 to maintain saturated conditions 

4. Specified surface temperature on top 

boundary (1°C). 

5. Set initial temperature at or slightly 

below the temperature at which 

residual liquid saturation is first 

achieved (i.e. completely frozen). 

Kurylyk et al. (2014, AWR) 



Methods: Benchmark 2 (TH1) 

SUTRA Parameterization 

1. Very steep soil freezing curve 

(Tres = -0.0005°C) 

2. Very low residual liquid saturation  

(0.0001, thus Swf ≈ Sw). Turn off 

dispersivity!! 

3. Requires small time steps otherwise the 

ΔT in one time step can ‘skip’ over the 

freezing temperature range. 

4. Influence of advection increases over 

time as the thermal gradient goes down. 

5. Run simulation for 20 days (7,000,000 

time steps). 



Results: Benchmark 2 (TH1) 

Difference after 20 

days = 0.0007 m 

Difference after 20 

days = 0.0016 m 

Recall that this is not 

an exact solution 

(quasi-steady), so these 

differences are not 

necessarily errors. 

Kurylyk et al. (2014, AWR) 



Additional Comments 

1. We also provide guidelines (and results) 

for using the classic Neumann solution 

as a benchmark. 

2. Please send me an email if any 

difficulties arise. 

3. Reasonable results can likely be 

obtained with much larger time steps. 

Kurylyk et al. (2014, AWR) 


