
PRODUCT 

FEFLOW piFREEZE 

Simulating freezing and thawing in groundwater and the unsaturated zone 

Phase changes from water to ice and vice versa occur in natural 
groundwater systems and due to human activity. Through latent heat, 

influencing the effective hydraulic conductivity and affecting the thermal 
properties they have a major influence on both fluid flow and the temperature 
regime. In many practical application cases it is thus not safe to ignore them.   

FEFLOW piFREEZE, a plug-in to FEFLOW, supports the convenient 
extension of any two- or three-dimensional FEFLOW flow and transport 
models using Richards’ equation by phase changes between water and ice. 

TYPICAL APPLICATIONS 

 Permafrost conditions 

 Artificial ground freezing 

 Freezing walls 

 Borehole heat exchangers at sub-zero temperatures 

 Earth collector systems 

 Thermal ice storages 

BENEFITS 

 Integrating phase changes (water/ice) in 

FEFLOW 

 Easy workflows  

 Unsaturated and saturated zones 

 Result visualisation in FEFLOW 

 2D/3D flow and transport simulation 

 Configurable parameters 

FEATURES 

 User-defined freezing temperature 

 Customisable temperature interval 

 Linear freezing function 

 Adaptable thermal properties of ice 

 User-specified residual fluid content 

 Configurable latent heat 
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I Freezing wall: Zone of reduced hydraulic conductivity (clipped through the freezing wells), 

temperature isolines and deviated streamlines. 



 

BENCHMARK SOLUTION: FROZEN WALL 

piFreeze has been benchmarked against a reference 

solution provided by McKenzie et al. (J. M. McKenzie, C. I. 

Voss, and D. I. Siegel. Groundwater flow with energy 

transport and waterice phase change: Numerical 

simulations, benchmarks, and application to freezing in peat 

bogs. Advances in Water Resources, 30(4): 966-983, 2007). 

The results show a high level of correspondance to the 

solution based on SUTRA-ICE (a modification of SUTRA by 

the United States Geological Survey—USGS).  

FREEZING WALL 

piFreeze was used to simulate ground freezing in order to 

create a freezing wall, separating a surface water body from 

a deep excavation. Main goal of the simulation was to 

obtain good information about the expected time scale of 

the ice formation as well as the configuration needed to get 

a timely closure of the wall. 

GEOTHERMAL ENERGY 

Freezing/thawing processes can significantly influence 

different kinds of geothermal energy use, including borehole 

heat exchangers run at sub-zero temperatures, earth 

collectors in winter time, and ice energy storage systems. 

The main factors of the phase change in this context 

typically are the latent heat that may be used for the benefit 

of system efficiency, and the increase in thermal 

conductivity that occurs with freezing, though also the effect 

of freezing on hydraulic conductivity can be significant. 
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Ice ring around a fully discretised borehole heat exchanger  

(double-U type), illustrated by volumetric ice fraction. 

Comparison of resulting temperatures and flow velocities of 

FEFLOW/piFreeze (upper) and SUTRA-ICE (lower). 

Zero-temperature isosurface (green) and diverted streamlines for a 

partially closed freezing wall (simplified example). 


