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RESULTS INTRODUCTION 

Evaporation can be split into 3 stages: 

1st stage: high water content, evapora-

tion rate semi-constant, 

capillary flow 

2nd stage:  decreasing water content, 

rapid drop in evaporation rate, 

mostly capillary flow 

3rd stage:  very low water content, very 

slow decrease in evaporation 

rate, in subsurface layer vapor 

diffusion only 

 
 

RESEARCH QUESTION 

Can evaporation in all three stages be 

simulated by Richards (1931) equation 

with van Genuchten - Mualem (VGM) 

hydraulic functions? 
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MODEL 
• Vertical 1D numerical model. 

• Developed in HYDRUS 1D (Šimůnek et al., 2016). 

• Boundary conditions (BC): atmospheric at 

the top, no flux at the bottom. 

• Initial conditions: saturated material (h=0m). 

 

  r (-) s (-)  (m
-1) n (-) Ks (ms-1) l (-) 

Material 0.01 0.31 192 1.19 3×10-5 0.5 

Model 0.01 0.31 60.0 1.11 3×10-5 0.0 

Typical sand 0.05 0.43 14.5 2.68 8×10-5 0.5 

 

HYDRAULIC PARAMETERS 

MATERIALS & METHODS 

 

CONCLUSION 

• Richards equation with VGM hydraulic func-

tions can be used for simulating all three 

evaporation stages when α, n, and l are 

treated as fitting parameters. 

• We believe that the shape of hydraulic con-

ductivity function is influenced by: 

• Material heterogeneity (phenomenon 

described by i.e. Lehman and Or, 2009). 

• 3rd evaporation stage being governed 

by diffusion: conductivity must de-

crease more slowly in higher suctions 

than in typical sand. 
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EVAPORATION EXPERIMENTS 

• 12 sandstone samples sealed 

with epoxy resin over the entire 

surface except its upper base. 

• Samples placed in a climate 

chamber with constant relative 

humidity (50 %) and tempera-

ture (20°C). 

• Evaporation measured by sample 

weighting. 

MATERIAL PARAMETERS 

• Saturated water content based on 

high pressure mercury porosimetry. 

• Potential evaporation measured 

with deionized water placed in the 

same conditions as samples 

(0.63 mm h-1). 

• Water retention curve measured by 

high-suction tensiometers and gra-

vimetry. 

MODEL DEVELOPMENT 

• Calibrated to evaporation from 

sandstone samples by inverse 

solution. 

• Fitting parameters:  ,  n, and l 

in VGM. 

• Higher weight on 3rd evaporation 

stage. 


