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Contamination of Water Source  

Phillips, S. W. et al, 1999; Pandey et al., 2014. 
 

Runoff is primary transport route in the agricultural settings 



Consider only non-reactive solutes 
X  Transport of pesticides, microbes, nutrients etc. 
Lumped parameter conceptual models 
 X  Ignore the processes acting on chemicals at the soil   

surface  
 X   SWAT, HSPF, INCA, COLI etc.  
Too complicated for efficient applications 
X  ParFlow, CATHY, HGS etc. 
Assume the homogeneous land surface 
characteristics  

Overland solute transport models 



HYDRUS-1D overland model 

http://www.pc-progress.com; Weill et al., 2009 
 

1D Richards equation: 

1D Diffusive 
wave equation: 

HYDRUS-1D and 2D codes are modified to simulate the overland 
flow and solute transport 

 
 

Presenter
Presentation Notes
But,Most overland transport models consider only non reactive solute transportSurface heterogeneities are not accounted can directly use the existing features in HYDRS-2D, like a well-designed GUI, user-friendly graphical input, optimization, generating random scale factors etc. There is no widely accepted physically-based model available yet to simulate over land transport processes of all different kind of 



Model verification  
Conditions: The soil profile is 100 m long, the slope is 0.01, precipitation 
rate is 0.00666 cm/s (24 cm/hour) and the roughness coefficient n equals to 
0.01.  

Depths of the water layer at the soil profile at selected times and steady state, 
calculated numerically and analytically (for steady state) for the example. 
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Main features 
Allows the consideration of 
•  many different kinds of solutes 
        e.g., pesticides, nutrients, and microbes  

• reactions  
       e.g., linear and nonlinear equilibrium sorption, kinetic sorption 

and desorption on multiple sites 

HYDRUS GUI for pre and post processing  
 
 

 
Heterogeneity in parameters  
Inverse parameter optimization 
 



Solute Retardation (Kd=1 cm3/g) 
Solute kinetic 

attachment/detachment  
(ka=0.01 s-1, kd=0.001 s-1) 

Conservative tracer  

Transport of reactive solutes  
Inflow from upland 

100 m 

Impervious 
soil α 



Evidences of non-equilibrium flow and 
transport processes 

(a)without overland flow 
(b)with overland flow (water is dyed bright green). 

A 1-m long ruler is shown for scale 

Fiedler et al., 2002 
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Presentation Notes
The surface heterogeneity also constitutes fractal roughness and thus a series of storage – release zones of solutes. In the concentration rising stage solutes may be trapped in the storage zones and then gradually released in the concentration receding stage, elongating the tail part of the concentration curves. The surface heterogeneity may exist on the surface of relatively homogeneous soils and even on the surface of urban pavements. Based on such a consideration of heterogeneity, almost all natural watersheds are heterogeneous. The observed tailing in the breakthrough curves of concentration is caused by the combined effect of surface heterogeneity and volume heterogeneity. The relative importance of surface heterogeneity and volume heterogeneity varies with both the location and the time and is therefore of complex and dynamic nature. If the surface is very rough, surface heterogeneity may play a dominant role. Otherwise, volume heterogeneity may control the tailing behavior. Based on the above conceptualization for model construction, the mechanisms and processes of overland solute transport can be described by a new mathematical model, which is discussed in what follows.



Evidences of non-equilibrium flow and 
transport processes 

 



Evidences of non-equilibrium flow and 
transport processes 



Evidences of non-equilibrium flow and 
transport processes 
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Non-reactive solute transport 

1D uniform model 

2D solute  

Manning’s roughness coefficient  
n= 0.1( passive) and n=0.005 (active) 



Manning’s roughness 
coefficient  Solute transport 

Evidences of non-equilibrium flow and 
transport processes 



Physical non-equilibrium models 

Equilibrium Model  -------------------------------------Non-Equilibrium Models------------------------------- 

Simunke and van Genuchten, 2008 

(a) Uniform   (b) Horizontal MIM  (c) Vertical MIM  (d) Active-Passive Regions 
Model (e) APR with HMIM  (f) APR with VMIM  

Subsurface 

Surface 



 

Equilibrium model vs Non-equilibrium 
models for Wash-off examples 

Simulated outflow rates and concentrations at the bottom boundary using 
equilibrium (UFT) and non-equilibrium flow and transport models (HMIM, APR, 
and APR-H).  



Soil Erosion 
Under developing based on the Kineros2 (Kinematic Runoff 
and Erosion Model) soil erosion model 



Conclusion and future works  
               
 Physical non-equilibrium models may be better suited for studying 

hydrological processes at the plot and field scale than equilibrium 
models when spatial patterns of land surface characteristics are 
poorly characterized.  
 

 The newly developed equilibrium/ non-equilibrium models will 
provide a comprehensive tool to numerically investigate many 
important research problems  
 
 

 Additional modifications to the code are needed to consider other 
infiltration equations, and the full coupling between runoff water 
and the subsurface 
 

 Describe the real world data will be the next step 
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Fully-coupled surface/subsurface models 

Weill et al., 2009; Hromadka et al., 1985; Wasantha Lal, 1998  

2D Subsurface Flow (Richards equation) 

2D Surface flow (Diffusion wave equation) 

surface 
water 

subsurface 

ground 
surface 
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Presentation Notes
Physically -based modeling is a key instrument for predicting water impairment[impierment]. Variably saturated flow in subsurface is usually modelled  with richards equation. Where t is time h is pressure head z is elevation C(h) is soil water capacity function and q represnts sink and source of water. Runoff on land surface is usually described by depth averged flow equation commonly refferred as Saint Venant equation which consist of mass balance equation and momentum balance equation. This is the mass balance equation where Index s stands for surface, t is time hs is water depth  and us is depth averaged flow velocity. Diffusion wave approximation momentum balance equation neglected inertia term and the friction slope therefore reduced to negative value of elevation added water depth. If we choose the Manning-Stricke uniform flow formula replace friction term with diffussion wave appoximation of momentum balance equation and introduce this flow term in mass balance equation. The resultin gequation is considered mathematically as a richards equation
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