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CHAPTER 8 

 

POLLUTION of GROUNDWATER   
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Mass Transport of Pollutants 
  

 

 The law of conservation (advective – dispersive 

equation) for solute transport 

 Saturated media  

 Followed Ogata, Bear and Freeze and Cherry 
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Mass Transport of Pollutants 
  

 The solutes in porous media considers the flux of 

solute into and out of a fixed  chemicale: 
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Mass Transport of Pollutants 
  

 Solutes could be considered in two classes:  

 Conservative solutes: are non reactive with soil, native 

groundwater (such as Chloride) 

 Reactive solutes 

 Advection: is the transport of solute by the 

flowing groundwater (Darcy’s law) 

 Hydrodynamic: is dispersion results from 

mechanical mixing and molecular diffusion 
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Mass Transport of Pollutants 
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Mass Transport of Pollutants 
  

 Diffusion: is the mass flux of solute from a zone of 

higher concertation to zone of lower concertation 

 The diffusion by Fick’s law for steady state 

condition: 
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Mass Transport of Pollutants 
  

 The negative sign indicates the movement from 

greater to lesser concentration 

 The diffusion coefficients for major ions (Na, Mg, 

Ca, Cl, HCO, SO4) is 1*10-9 to 2*10-9 m2/s 
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Mass Transport of Pollutants 
  

 Fick’s second law described the change of 

concentration over time: 

 

 

 Diffusion coefficient for nonabsorded species in 

porous media flow: 
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Mass Transport of Pollutants 
  

 The longitudinal coefficient of hydrodynamic 

dispersion (DL) is expressed as: 
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Mass Transport of Pollutants 
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Mass Transport of Pollutants 
  

 Advection-Dispersion Equation: 

 Solute transport in saturated porous media 

 Consider the following elemental volume: 
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Mass Transport of Pollutants 
  

 The mass of solute is transported in the x – direction 

by advection and by dispersion expressed as: 
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Mass Transport of Pollutants 
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Mass Transport of Pollutants 
  

 Partial terms indicated the spatial change of solute 

mass in the respective direction 

 For nonreactive dissolved substance, the flux into 

element the flux out of the element is equal to the net 

rate of change of mass of solute:  
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Mass Transport of Pollutants 
  

 For a homogenous medium v steady and uniform in 

space and time, then the previous equation is 

simplified as: 
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Mass Transport of Pollutants 
  

 The analytical solution of Equation (8.8.21) is: 
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Mass Transport of Pollutants 
  



18 

Mass Transport of Pollutants 
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 

 Sorption: is the exchange of molecules and ions 

between the solid phase and liquid phase 

 Adsorption: is the attachment of molecules and ions 

from solute to the rock material 

 Desorption: is the release of molecules and ions from 

the solid phase to the solute   
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 The one-dimensional transport for advection-

dispersion:  

 

 

  Can be extended to include the effects of 

retardation of solute transportation  
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 The form of the one-dimensional equation that 

included retardation, in a homogenous saturated 

media due to adsorption is expressed as: 
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 Adsorption relationships could be plotted as 

straight line on log-log paper: 

 

 

 These coefficients depend on the solute species, 

nature of the porous medium, and other conditions 

 b is the slope 

 Kd = dS/dC  
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 The retardation equation Ra is expressed as: 

 

 

 

 The velocity of solute front Vc: 
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 The amount of contaminant adsorbed by solids is a 

function of the concentration in solution: 
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Mass Transport of Pollutants 
  

 Transport of Reactive Pollutants: 

 Using Kd = dS/dC, and governing the previous 

equations in equation (8.8.21), the one-dimensional 

advection-dispersion equation in retardation terms 

is expressed as: 

 

 

 The first term is the retarded advective inflow – 

outflow 

 The second term is retarded diffusion and 

dispersion 


