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1 INTRODUCTION  
The word ñVerificationò, when used in connection with computer software can be defined as ñthe 
ability of the computer code to provide a solution consistent with the physics defined by the 
governing partial differential equation, PDEò. There are also other factors such as initial conditions, 
boundary conditions, and control variables that also affect  the accuracy of the code to perform as 
stated.   
 
ñVerificationò is generally achieved by solving a series of so-called ñbenchmarkò problems. 
ñBenchmarkò problems are problems for which there is a closed- form solution or for which the 
solution has become ñreasonably certainò as a result of long-hand calculations that have been 
performed. Publication of the ñbenchmarkò solutions in research journals or textbooks also lends 
credibility to the solution. There are also example problems that have been solved and published in 
the User Manual documentation associated with other comparable software packages. While these 
are valuables checks to perform, it mus t be realized that it is possible that errors can be 
transferred from oneôs software solution to another. Consequently, care must be taken in 
performing the ñverificationò process on a particular software package. It must also be 
remembered there is never such a thing as complete software verification for ñallò possible 
problems. Rather, it is an ongoing process that establishes credibility with time.   
 
SoilVision Systems takes the process of ñverificationò most seriously and has undertaken a wide 
range of steps to ensure that the SVHEAT software will perform as intended by the theory of 
saturated -unsaturated freezing and thawing.  
 
The following models represent comparisons made to textbook solutions, hand calculations, and 
other software packages. We at So ilVision Systems Ltd. are dedicated to providing our clients with 
reliable and tested software. While the following list of example models is comprehensive, it does 
not reflect the entirety of models, which may be posed to the SVHEAT software. It is our 
recommendation that water balance checking be performed on all model runs prior to presentation 
of results. It is also our recommendation that the modeling process move s from simple to complex 
models with simpler models being verified through the use of hand  calculations or simple 
spreadsheet calculations.  
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2 ONE-DIMENSIONAL HEAT TRA NSFER 

2.1 LU ET AL . (2007), TARNAWSKI ET AL . (2009):  
VERIFY THERMAL CONDU CTIVITY OF SOILS  

Project:  Geothermal  
Model:  Verify_ThermalConductivity_Johans en_Metric,  
 Verify_ThermalConductivity_Johans en_Imperial,  
 Verify_ThermalConductivity_Lu_Metric,  
 Verify_ThermalConductivity_Lu_Imperial,  
 Verify_ThermalConductivity_DeVries_Metric,  
 Verify_ThermalConductivity_DeVries_Imperial  
 
SVHEAT has implemented several methods t o estimate the thermal conductivity of soils , including 
the approach presented by De Vries  (1963), Johansen  (1975), and Lu et al . (2007). Based on 
experimental data, Lu et al . (2007)  improved the Johansen approach so that the thermal 
conductivity can be re asonably predicted with the full range of water content.  Tarnawski et al . 
(2009) adjusted the fitting parameter for Lu et al . (2007)  model according to the quartz content 
effect on the thermal conductivity.   

 Purpose 2.1.1

Verify the calculation of thermal condu ctivity with the Johansen  (1975)  model, Lu et al . (2007)  
model, and De Vries  (1963)  model that has been implemented in the SVHEAT software. The 
behavior of thermal conductivity changing with water content, dry density and temperature is also 
presented in t he benchmark.  

 Geometry and Boundary Conditions 2.1.2

To compare the calculated thermal conductivity in metric and imperial unit for each approach of 
Johansen  (1975) , Lu et al . (2007) , and De Vries  (1963) . Six  models were  created with the same 
geometry as shown i n Figure 1.    

 

Figure 1 Model geometry for the verification of thermal conductivity (the left model is in metric and the 

right model in imperial)  
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 Material Properties 2.1.3

The soil properties to calculate thermal conductivity were originally presented by Lu et al . (2007). 
Tarnawski et al . (2009) analyzed the quartz content for the same soils used in Lu et al . (2007)  
experimental data as given in the Table 1:  
 

Table 1 Soil properties presented by Lu et al. (2007) and Tarnawski et al. (2009) 

Soil No Material name Material type 
Quartz content 

(%)  

Dry density 

(kg/m3) 

Dry density 

(lb/ft 3) 

1 Sand 1 Coarse 74 1,600 99.88 

2 Sand 2 Coarse 51 1,600 99.88 

5 Silty loam Fine 47 1,330 83.03 

8 Silty clay loam Fine 36 1,300 81.16 

 Results and Discussions 2.1.4

The thermal conductivity can be calculated and previewed by the graphing in the material 
properties dialog of the SVHEAT software.  

2.1.4.1 Water content effect on the thermal conductivity  

Figure 2 and Figure 3 are the results of thermal conductivity calculated fo r different approaches 
compared  with the experimental data. Figure 2 is obtained from the SVHEAT model with metric 
units, and Figure 3 is from the SVHEAT model with imperial units.  

 

Figure 2 Comparison of the thermal conductivity in metric calculated by the SVHEAT software for 

Johansen (1975), Lu et al. (2007) and De Vries (1963) approach to the experimental data after 

Lu et al. (2007) 



SoilVision Systems Ltd.   One-Dimensional Heat Transfer 7 of 120 

   

 

Figure 3 Comparison of the thermal conductivity in imperial unit calculated by the SVHEAT software 

for Johansen (1975), Lu et al. (2007) and De Vries (1963) approach to the experimental data after 

Lu et al. (2007) 

It can be seen from Figure 2 and Figure 3 that the calculated thermal conductivity for the Johansen  
(1975) and Lu et al . (2007)  approach is very close, but Lu e t  al. (2007)  approach can predict the 
thermal conductivity at the very low degree of water saturation. Therefore, SVHEAT recommends 
Lu et al . (2007)  or Johansen  (1975)  approach to estimate the thermal conductiv ity.  
 
It should be noted that the only thermal conductivity for the unfrozen soil was available in the 
original experimental data (Lu et al ., 2007).  

2.1.4.2 Temperature effect on the thermal conductivity  

Because the thermal conductivity of ice is larger than the  water, the thermal conductivity of the 
frozen soil is greater than the unfrozen soil, as shown in Figure 4.  

2.1.4.3 Dry density effect on the thermal conductivity  

The thermal conductivity changes with the dry density and water content is shown in Figure 5 and 
Figure 6.  
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Figure 4 Temperature effect on the thermal conductivity at different water contents 

 

Figure 5 Thermal conductivity changing with water contents and dry densities at a temperature of 1 °C 
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Figure 6 Thermal conductivity changing the water content and dry density at a temperature of -5 °C 

2.2 METRIC VS IMPERIAL UNIT S  
Project:   Geothermal  
Model:         Verify_ SVHEAT_Metric, Verify_ SVHEAT_Imperial  
 
SVHEAT can support both the metric and imperial systems. If a model has the same material 
properties and boundary condition settings, the model should have the same results of simulation 
for both metric and imperial unit s.   

 Purpose 2.2.1

The model is used to compare the value of spreadsheet based calculation and SVHEAT simulation 
for the material properties of thermal conductivity, heat capacity, soil freezing characteristic curve 
(SFCC). The simulation results for both models with metric and imperial unit are also verified.      

 Geometry and Boundary Conditions 2.2.2

The model geometry, material properties, and boundary conditions are the same, but only the 
units are different. One model is in metric units, another is in imperial unit s, as shown in Figure 7. 
The model has 5 regions, and each region has the different material properties.   
 
The ambient air temperature, which changes with time as described in equation [  1 ]  or equation  
[  2 ] , is applied to the upper boundary of the soil column.  
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On the bottom of the model , a constant thermal flux with a value of 5 ,148 J/day -m 2 is applied in  
the metric model, and the thermal flux of 0.45 Btu/day -ft 2 is applied in  the imperial model.  
 

 

Figure 7 Model geometry in metric and imperial units 

 Material Properties 2.2.3

The material properties used in the model for the metric and imperial units are presented in Table 
2 and  Table 3. 
 

Table 2 Parameters of thermal properties used in metric units  

Material 

name 

Thermal 

Properties 
Method Parameters Value Units 

Asphalt 
Thermal 

conductivity 
Constant  128,603 J/day-m-°C 

 Heat capacity Constant  2,521,731 J/m3-°C 

 SFCC None    

 VWC  SatVWC 0.001  

   VWC 0.001  

      

Embank Fill 
Thermal 

conductivity 
Johansen-Lu et al. Material type fine  

   Quartz content 60  
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 Heat capacity Jame-Newman Soil dry density 2,242 kg/m3 

   
Heat capacity of solid 

component 
711 J/kg-°C 

      

 SFCC Tice & Anderson Tef -0.03 C̄ 

   Tep -0.1 C̄ 

      

 VWC  SatVWC 0.15  

   VWC 0.15  

      

      

Sand 
Thermal 

conductivity 
De Vries Solid phase 736,128 J/day-m-°C 

      

      

 Heat capacity Jame-Newman Dry density 1,601 kg/m3 

      

 SFCC 
Exponential 

Function 
Residual uvwc 0.025  

   Param W 0.2  

      

 VWC  SatVWC 0.2  

   VWC 0.2  

      

Ice 
Thermal 

conductivity 
constant Unfrozen material 52,272 J/day-m-°C 

   Frozen material 191,808 J/day-m-°C 

      

 Heat capacity constant Unfrozen material 4,287,000 J/m3-°C 

   Frozen material 1,880,000 J/m3-°C 

      

 SFCC 
Multi -linear 

estimation 
Residual uvwc 0  

 VWC  SatVWC 0.99  

   VWC 0.99  

      

Sand Gravel 
Thermal 

conductivity 
Johansen Material State Nature  

   Material Type Coarse  

   Solid conductivity 736,128 J/day-m-°C 

   Dry density 1,600 kg/m3 

      

 Heat capacity Jame-Newman Dry density 1,600 kg/m3 

      

   Solid component 710 J/kg-°C 

      

 SFCC  
Estimated by SWCC 

(Fredlund and Xing) 
  

      

 VWC  satVWC 0.35  

   VWC 0.3  
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Table 3 Parameters of thermal properties for the model with imperial units  

Material 

name 

Thermal 

Properties 
Method Parameters Value Units 

Asphalt 
Thermal 

conductivity 
Constant  20.7 Btu/day-ft-°F 

 Heat capacity Constant  37.7 Btu/ft3-°F 

      

 SFCC None    

 VWC  SatVWC 0.001  

   VWC 0.001  

Embank Fill 
Thermal 

conductivity 
Johansen-Lu et al Material type fine  

   Quartz content 60  

      

 Heat capacity Jame-Newman Soil dry density 140 lb/ft3 

   
Heat capacity of 

solid component 
0.170 Btu/lb-°F 

 SFCC Tice & Anderson Tef 31.9 F̄ 

   Tep 31.8 F̄ 

      

 VWC  SatVWC 0.15  

   VWC 0.15  

Sand 
Thermal 

conductivity 
De Vries Solid phase 118.4 Btu/day-ft-°F 

 Heat capacity Jame-Newman Dry density 100 lb/ft3 

   
Specific heat 

capacity 
0.17 Btu/lb-°F 

 SFCC 
Exponential 

Function 
Residual uvwc 0.025  

   Param W 3.6  

 VWC  SatVWC 0.2  

   VWC 0.2  

Ice 
Thermal 

conductivity 
constant Unfrozen material 8.4 Btu/day-ft-°F 

   Frozen material 30.9 Btu/day-ft-°F 

      

 Heat capacity constant Unfrozen material 64.1 Btu/ft3-°F 

   Frozen material 28.1 Btu/ft3-°F 

 SFCC 
Multi -linear 

estimation 
Residual uvwc 0  

 VWC  SatVWC 0.99  

   VWC 0.99  

Sand Gravel 
Thermal 

conductivity 
Johansen Material State Nature  

   Material Type Coarse  

   Solid conductivity 118.4 Btu/day-ft-°F 

   Dry density 99.9 lb/ft3 

 Heat capacity Jame-Newman Dry density 99.9 lb/ft3 

   Solid component 0.17 Btu/lb-°F 

 SFCC  
Estimated by 

SWCC 
  

 VWC  SatVWC 0.35  

   VWC 0.3  
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 Results and Discussions 2.2.4

The temperature profiles simulated with the metric and imperial model are illustrated in Figure 8 
and Figure 9, b ecause each region in the model has different approaches to specify thermal 
conductivities, heat capacity, and SFCC . Figure 8 demonstrates the same temperature profiles are 
obtained from both metric and imperial models, which indicates that the unit conversion in the 
calculation of thermal conductivities, heat capacity, phase change, and  temperature are correct in 
the SVHEAT software.  
 

 

Figure 8 Temperature profiles obtained from the model with metric and imperial units 
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Figure 9 Temperature profiles obtained from the model with metric and imperial units used in 

verification of thermal conductivity  

2.3 DISSANAYAKA  ET AL. (2012): VERIFY  
T HERMAL CONDUCTIVITY OF PEATS 

Project:  Geothermal  
Model:  ThermalConductivity_Johans enPeat  
 

 Purpose 2.3.1

In this section, calculated thermal conductivity curves of peats in SVHEAT were  verified against  
measured data in Dissanayaka et al. (201 2). SVHEAT uses Johansenôs approach in calculating peat 
thermal conductivity  in this example . 

 Material Properties 2.3.2

Peat physical properties used in this section are  an average measured value from 9 samples in 
Dissanayaka  et  al.  (201 2) , given in Table 4. These sample cores were collected using an 
undisturbed method at Bibai marsh, Hokkaido in Japan.   

 Results and Discussions 2.3.3

The calculated thermal conductivity was  plotted in SVHEAT and checke d against measured data in 
Dissanayaka et al. (201 2).  
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Table 4. Physical properties of peat 

Water 

content 

(%)  

Specific 

Gravity  

Dry 

Density 

(g/cm3) 

Saturated 

Hydraulic 

Conductivity 

(cm/s) 

Porosity 

(cm3/cm3) 

Dry 

Thermal 

Conductivity 

(W/m-°C) 

Unfrozen 

Saturated 

Thermal 

Conductivity 

(W/m-°C) 

Frozen 

Saturated 

Thermal 

Conductivity 

(W/m-°C) 

828.4 1.55 0.123 2.67³10-3 0.92 0.1 0.6 1.8 

 
Figure 10  shows  the relation between unfrozen thermal conductivity and volumetric water content. 
This figure shows  an excellent agreement between the SVHEAT  calculation and the measured 
thermal conduct ivity of peat.  The measured dry thermal conductivity is on average around 0.1 
W/m -°C a nd the saturated thermal conductivity is 0.6  W/m -°C.  
 

 

Figure 10. Comparison between measured and predicted unfrozen thermal conductivity 

 
Figure 11  shows the effect of temperature on  the  thermal conductivity (J/day -m-°C) at various 
volumetric water contents. In this figure no SFCC curve was used, and thi s means that no unfrozen 
state at temperatures below the freezing temperature. Figure 12  and Figure 13  show the effect of 
dry density changes in  thermal conductivity both in unfrozen (1  °C) and frozen ( -5 °C) states.  The 

dry density varies between 20 and 200  kg/m 3. At a given water content, the changes in thermal 
conductivity in a thawed state are  smaller than in a frozen state.  This short verification example 
proves that the Johansen approach, implemented in SVHEAT, can accurately predict thermal 
conductivity of peat at various water contents.  
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Figure 11. Temperature effect on thermal conductivity at various volumetric water contents 

 

Figure 12. Dry density effect on thermal conductivity at various volumetric water contents at 

temperature of 1 °C 
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Figure 13. Dry density effect on thermal conductivity at various volumetric water contents at 

temperature of -5 °C 

2.4 JAME (1997):  HORIZONTAL SOIL FREEZING - 
UNCOUPLED  

Project:   GeoThermal  
Model:     JameData  
 
This example illustrates the validity of SVHEAT calculations of soil temperature when compared 
with laboratory experimental data. The laboratory data for this experiment was originally collected 
by Jame (1977), and serves as the basis for a reasonable comparison to the SVHEAT software . 
There is no flow in this example model. A constant volumetric water content is assumed for the 
fluid phase.   

 Purpose 2.4.1

The purpose of this model is to compare the soil temperature calculated by SVHEAT with the 
laboratory experimental data using known mater ial properties as collected by Jame (1977). It also 
shows how phase change plays a significant role in soil freezing.   

 Geometry and Boundary Conditions 2.4.2

The soil column has a length of 0.3 m. Cold temperature is applied to one end of the soil column, 
and wa rming temperature to another end, as shown in Figure 14 . 
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Figure 14 Geometry of 1-D horizontal column  

No water flows in or out from both ends of the soil column. Therefore, it is a closed hydraulic 
system.  
 
Initial temperature:    4.50  °C 
Warm end temperature:    4.25  °C 
 
The freezing rate at the cold end , temperature is given as following expression.  
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450531283
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where:  

 t  = time, hr, and  

 Te = cold end temperature of soil column , °C. 

 Material Properties 2.4.3

The following material properties are used in this model.  
 
Material name: Silica flour soil  
 
Thermal conductivity   
The thermal conductivity is calculated based on the Johansen method (Johansen, 1975). 
Parameters to determine the thermal conductivity are shown in Table 5.   
 
Heat capacity  
The soil heat capacity is calculated based on the heat capacity of solid component, water, ice, soil 
dry density, and their fractions (Jame , 1977 ;  Newman , 1995). Only soil dry density and heat 
capacity of solid component are required to input, as shown in Table 5. 
 
Soil Freezing Characteristic Curve (SFC C)  
SFCC is estimated using  Fredlund and Xing SWCC . The SWCC is fitted with laboratory data of 
unfrozen water content as a function of matric suction that is converted from temperature using 
the Clapeyron equation, as given in Figure 15 . 
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Table 5 Parameters of material hydraulic and thermal properties  

Hydraulic/Thermal 

Properties 
Method Parameters Value Units 

Thermal 

conductivity 
Johansen Material state crushed  

  Material type fine  

  
Thermal conductivity 

of solid component 
29,700 (J/hr-m-°C) 

  Porosity 0.49  

     

Heat capacity Jame-Newman Soil dry density 1,330 kg/m3 

  
Heat capacity of solid 

component 
837 J/kg-°C 

     

SFCC Estimated by SWCC 
Phase change 

temperature from (Tef) 
ï0.1 C̄ 

  
Phase change 

temperature from (Tep) 
ï0.607 C̄ 

SWCC Fredlund and Xing af 127.7 kPa 

  nf 1.3  

  mf 2.0  

  hr 673.7 kPa 

  Output curve type data points  

VWC and water 

flux 
 VWC 0.18  

NOTE:  

 SWCC output curve type as data points can improve the performance of model running.  
  

 

 

Figure 15 SWCC data fitting using unfrozen water content 
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 Results and Discussions 2.4.4

The simulation results are illustrated in Figure 16  and Figure 17 . In Figure 16 , it can be seen that 
the calculated soil temperature has good agreement with the experimental data, although the 
pr edicted soil temperature after 48 hours is slightly higher than experimental data.   
 
The difference may be due to the SFCC value not changing with temperature. As mentioned in the 
section of ñGeometry and Boundary Conditionsò, the model is a closed hydraulic system, and 
moisture migration due to temperature gradient is not included. As a result, the water content does 
not change during simulation. That means the slope of SWCC does not change with time.   

 

 

Figure 16 Comparison of calculation of SVHEAT model with Jame (1977) experimental data - phase 

change included 

 

Figure 17 Comparison of simulation results without consideration of phase change 
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The value of 
im2  has a significant effect on  the  soil freezing process. To investigate this possibility, 

another model was created with the same material properties and boundary conditions , but without 

consideration of phase change, i.e., set 
im2  = 0. The result is given in Figure 17 . Without phase 

change, thermal flux tends to steady -state after 12 hours. After that, the soil temperature profiles 
are almost the same. The results also indicate from Figure 17  that if phase change is not included, 
the result of simulation after 6 hours has good agreement with steady -state experimental data.  
  
By the comparison of results in Figure 16  and Figure 17 , the following conclusions can be reached:  
 

¶ Phase change plays a significant role in soil freezing and thawing process.  It is 

therefore very important to specify or estimate a proper SFCC if the soil freezing and 

thawing process are of more interest than frozen steady -state, and  

¶ In some engineering  applications, the steady -state of the frozen ground is of more 

interest than the freezing process. For example, in artificial ground freezing, the 

primary focus is on the soil temperature after a steady state is reached. In this case, 

simulation without c onsidering phase change can be considered, which will be further 

illustrated in another example of ArtificialGroundFreezing  in this document.  

2.5 ALDRICH (1956): VERT ICAL SOIL COLUMN - 
UNCOUPLED  

Project:   USMEP_Textbook  
Model:         Soil_Column_Aldrich  
 
This model is designed to verify the SVHEAT result s with the analytical solution proposed by Aldrich 
(1956), and Li and Koike (2001). Only conductive heat flows are modeled in this example.  

 Purpose 2.5.1

This model illustrates the accuracy  of an SVHEAT simulation o f the maximum frost depth compared 
with the analytical solution. The model also illustrates the distribution of soil temperature, unfrozen 
water content, and ice content during soil freezing and thawing.  

 Geometry and Boundary Conditions 2.5.2

The model is a 1 -D homogenous vertical soil column with a 5 m depth, as shown in Figure 18 . 
 
Temperature Boundary Condition:  
A temperature on the upper boundary condition is shown in Figure 19 , and it is expressed as 
follows:  
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60    50 if)500105
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t)* (t  .Te
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t * (t.    .Te
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[ 4 ] 

     where:  

 t  = time, hr, and  
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 Te = cold end temperature of soil column, °C.  

 
On the bottom of the soil column, the thermal flux is set to a unit gradient.  
Initial temperature is 5 °C.  
 

 

Figure 18 Aldrich Column Conceptual Model 

 

Figure 19 Aldrich Column Temperature Boundary Condition  

 Material Properties 2.5.3

The material properties are the same as used in the model JameData  as described earlier in this 
manual . Any material properties can be used with the Aldrich solution. The material properties 
used in the model JameData  were entered in the Aldrich closed -form solution as well as SVHEAT 
and the answers were compared.  
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 Results and Discussions 2.5.4

The fol lowing is the result of the simulation. The r esults of the Aldrich solution were calculated with 
a brief JAVA software program.  

2.5.4.1 Soil Temperature 

Figure 20  illustrates the soil temperature changes during soil freezing and thawing. In the 
simulation, the temperature at depth 0 m is maintained at  5 °C in the first 50 days, and then it 
drops from 5  °C to  ï5 °C from day 50 to 60.   
 
After that time, the tempe rature holds at  ï5 °C. From day 180 to 190, the temperature increases 
from ï5 °C to 5 °C, and the soil column experiences  a thawing period.  
 

 

Figure 20 Soil temperatures change during soil freezing and thawing 

2.5.4.2 Frost depth during soil freezing and thawing 

The frost depth in soil freezing and thawing is given in Figure 21 . In the figure, the maximum frost 
depth calculated with t he analytical solution is based on the Aldrich (1956) equation:  
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     where:  

 Dm  = Maximum frost depth, m ,  

 b = a dimensionless correction parameter,  

 l = thermal conductivity, W/(m - C̄), 

 STf = cumulative temperature below the freezing point, C̄-day ,  
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 Lf = latent heat of fusion of water, 3.34  ³ 10 8 J/m 3, and  

 Q = volumetric water content, m 3/m 3. 

 
In the analytical calculation, the thermal conductivity ( l =  2. 9 W/m - C̄) is averaged based on the 

thermal conductivity of frozen and unfrozen soil calculated with  the  Johansen approach in the 
simulation. Q = 0.47 , L f  = 3.34 ³10 8 J/m 3, and  b = 1.  

 
It can be seen from the Figure 21  that the frost depth obtained in simulation has very good match 
to the analytical value during the soil - freezing period.  
 
After the day 180, analytical solution cannot predict the frost dept h because soil column starts to 
thaw, but the simulation shows that some frost depth develops  during the soil thawing period.  
 

 

Figure 21 Frost depth during soil freezing and thawing  

2.6 MASS CONSERVATION DURING FREEZE  AND 
THAW - UNCOUPLED  

Project:   GeoThermal  
Model:         Freeze_Thaw_Check  
 
This model is designed to verify the conservation of mass during the freeze/thaw cycle. In this 
model a simple soil column is first frozen and then allowed to thaw. If mass conservation is corr ect , 
then the final volumetric water contents will exactly match the initial volumetric water contents 
present before the freezing process is initiated.  

 Purpose 2.6.1

The purpose of this model is to illustrate that mass is conserved through the soil freezing and  
thawing process.  
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 Geometry and Boundary Conditions 2.6.2

The geometry and boundary conditions are the same as used in model Soil_Column_Aldrich .  

 Material Properties 2.6.3

The material name and properties are the same as used in model JameData .  

 Results and Discussions 2.6.4

The distribution of unfrozen water content, and ice content is illustrated in Figure 22  and Figure 23 . 
The value of unfrozen water content during soil freezing depends on soil temperature and the soil 

freezing characteristic curve. It should  be note d that at the same depth, the water cont ent is the 
same compared to the value before freezing and after thawing.  
 

 

Figure 22 Volumetric unfrozen water content during soil freezing and thawing  
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Figure 23 Volumetric ice content during soil freezing and thawing 
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2.7 TAILINGS FREEZ E/ T HAW WITH SNOW COVER 
ð UNCOUPLED  

Project:   Mine Tailings  
Model:    TailingsFreez eThawSnowCover  
 
This benchmark presents a generic  scenario of  mine taili ngs freezing and thawing with a snow 
cover . The snow accumulation and  melt  is simulated according to the climate data including  
precipitation and air temperature. Th is benchmark demonstrates that SVHEAT can predict  the 
temperature at the surface of tailings  with snow cover  included .  

 Purpose 2.7.1

The benchmark is to illustrate t he validity using the SVHEAT software to simulate the freeze - thaw  
process for tailings that are  covered with snow  at the surface  and consolidated with time.  It is also 
demonstrated that the  snow accumulation and melting process  can be simulated  with  the snow 
climate boundary condition provided by SVHEAT and SVFLUX software . 

 Geometry and Boundary Conditions 2.7.2

The model domain is a 1D column representing  generic  tailings  pit  9.6m  in height . The climate 
boundary condition is applied at the tailings surface. Snow may be accumulated on the surface of 
tailings during the winter time, and melted during spring. The accumulatio n of snow is the result of 
snow fall event s, which are  calculated according to the precipitation climate data  (Figure 25 ) and air 
temperature ( Figure 26 ). In the calculation of the snow precipitation  (see Figure 27 )  the minimum 
temperature of rain is assumed to be 2  °C, and the maximum temperature for snow is 0  °C. If the 
air temperature is above 2  °C , the precipitation is regarded  as a rain event, while the air 
temperature is below 0  ° C, the pr ecipitation is considered to be  snow event. The mixture of rain 
and snow happens in the range of air temperature from 0  °C to  2 °C. 
 
The temperature - index approach (i.e. degree -Melt -Factor ap proach) is used to estimate snow 
melted daily. The snow melt factor is described by  the sine function, as illustrated in Figure 28 .  
Please see  the  SVHEAT and SVFLUX theory manual for details of the formulation of snow 
accumulation, melt, and thermal boundary with snow  cover .  
  
Boundary conditions:  
Top :      air temperature (see Figure 26 ),  
Bottom : Geothermal flux = 0.036 W/ m 2. 
 
Initial conditions :  20  °C . 
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Figure 24 Model geometry for tailings freeze/thaw with snow cover 

 

 

Figure 25 Precipitation data used to determine snow precipitation for tailings freeze/thaw 
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Figure 26 Air temperature used in the climate boundary for t ailings freeze /thaw 

 

 

Figure 27 Snow precipitation calculated based on the precipitation and air temperature  
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Figure 28 Snow melt factor changing seasonally for modeling tailings freeze/thaw with snow cover  

 Material Properties 2.7.3

The thermal properties of the ta ilings are estimated based on the relative reference 
(Dawson  et  al.,  1999 ; Nixon,  1993), and are presented in the Table 6. The snow thermal 
conductivity is calculated based on the snow density (Yen, 1969). The mean snow density is 
estimated with the value of 300  kg/m 3. Please see SVHEAT theory manual for the detailed 
formulation  of snow thermal conductivity . With the parameters as given in Table 6, the thermal 
conductivity, heat capacity, and unfrozen water content changing with the temperature are 
illustrated in Figure 29 , Figure 30 , and Figure 31 . 
 

Table 6 Material properties for modeling tailings freeze/thaw  

Hydraulic/Thermal 

Properties 
Method Parameters Value Units 

Tailings  

Thermal conductivity 

Johansen Material state crushed  

  Material type fine  

  Quartz content 28 % 

     

Tailings heat capacity Jame-Newman Soil dry density 1,247.5 kg/m3 

  Heat capacity of solid 

component 

660 J/kg-oC 

     

Tailings SFCC  Tice approach Parameter A 0.051  

  Parameter B 0.4  

     

Tailings volumetric water 

content 

  0.85 m3/m3 

Tailings bulk density   1,248 kg/m3 

     

Snow density   300 kg/m3 

Snow  

thermal conductivity 

  0.257 W/m-oC 
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Figure 29 Thermal conductivity for tailings freeze/thaw model  

 

 

Figure 30 Heat capacity of tailings freeze/thaw model 
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Figure 31 Volumetric unfrozen water content for tailings freeze/thaw model 

 Results and Discussions 2.7.4

The model is simulated for 451 days. The following sections summarize the results obt ained 
through the modeling program.  

2.7.4.1 Snow depth and snow water equivalent (SWE) 

In the SVHEAT and SVFLUX software the snow accumulation is represented by the snow water 
equivalent (SWE) value , and the snow depth is calculated according to the SWE and snow d ensity.  
Figure 32  illustrates t he result of SWE and snow depth sim ulated with the SVHEAT software, where 
the accumulated SWE is determined with the snow precipitation and snow melt. Figure 32  indicates  
that  the maximum snow depth is about 120  mm, and the snow was melted down in a few days  
during spring .   

2.7.4.2 Temperature at the surface of tailings  

It can be seen from Figure 33  that the calculation of the temperature at the surface of tailings 
matches the measured value  very well . Due to the insulating  effect of snow  cover , the temperature 
at the surface of tailings  fluctuates smoothly, and has a lower value in magnitude compared  to the 
air temperature during the period of snow  cover . It is also indicated that the temperature at the 
surface of the tailings is approximated by  the air temperature if no  snow  exists  at the tailings 
surface.   

2.7.4.3 Conclusions and suggestions     

This benchmark illustrates the validity of thermal modeling of snow cover. The model also 
demonstrates that it is feasible to model tailings freezing/thawing process with snow cover included 
using the SVHEAT software.    
 


















































































































































































