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Outline 

|  Subsurface Contaminant Hydrology 
{  Advection-Dispersion Equation 

{  Selected Analytical Solutions 

|  Capture Zones 

|  Aquifer Numerical Modeling (Introduction) 
{  Numerical Generation of Flownets 
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Contaminant Hydrology 

|  Water unsuitable for a particular use is 
called polluted (contaminated) 

|  Sources of pollution 

{  Natural  processes 

{  Runoff processes 

{  Waste disposal practices 

{  Accidental spills and leaks 



Contaminant Hydrology 

|  Impacts 
{  Characteristics of pollutants (fate&transport) 
{  Probability of exposure (Risk) 
{  Probability of adverse impact from exposure 

(Toxicology) 

|  Categories: 
{  Organic chemicals – solubility, density 
{  Metals – solubility, oxidation state 
{  Radionuclides – solubility, oxidation state, decay 

rate 
{  Inorganics – solubility, oxidation state 



Contaminant Hydrology 

source 
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transport exposure 
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Chemistry and Physics Risk assessment 

|  One goal is to relate source concentration to 
exposure concentration. 

|  Expressed as a dilution-attenuation-factor 



Mass Transport Concepts 

|  Solvent phase (soil,air,water) that contains 
the solute (pollutant) 

|  Amount of solute suspended, dissolved, or 
otherwise contained in the solvent is usually 
expressed as a concentration 

|  Common concentration units in flow and 
transport models are volumetric (mg/L) and 
massic (ppm). 
{  Radioactive: disintegrations per second/L 

{  Certain reactions: equivalents/L 

 



Non-reactive pollutants 

|  Do not undergo changes, exchanges, or 
reactions while traversing the region of 
interest (conservative) 

|  Solutes do not form a distinct mobile phase 
from the host phase 

{  O2 in water; oil dispersed in water, dissolved 
soilds in water. 

{  Oil-slick on water is two phases (oil and 
water) and forms a distinct mobile phase 



Transport Mechanisms 

|  Advection 

{  Transport of solutes by motion of the host fluid 

|  If host fluid is driven by density gradients the 
transport is called natural convection 

|  If host fluid is driven by pressure gradients the 
transport is called forced convection. 

|  Diffusion 

{  Mixing of solutes by Brownian-motion type 
processes.  Net transport is proportional to 
concentration gradients. 



Transport Mechanisms 

|  Dispersion 

{  Mixing of solutes by small and large variations 
in the velocity field causes by shear flow, 
turbulent fluctuations, and braided flow 
paths.    

{  Net transport is proportional to concentration 
gradients 

|  Shear induced – open channel and pipe flow 

|  Turbulent induced – open flows (all types) 

|  Hydrodynamic – porous media 



Transport Mechanisms 

|  Flux – amount of a quantity that passes a 
point in space per unit area per unit time 



Transport Mechanisms 

|  Mass flux is the mass per unit time per unit 
area that passes the point (x,y,z) 

|  Flux models: 



Transport Mechanisms 

|  Usually the Diffusive and Dispersive Flux 
terms are combined as: 



Advection 

|  Consider an element in space – only mechanism 
is advection: 

|  Apply Reynold’s Transport Theorem: 



Advection 



Diffusion/Dispersion 



Diffusion/Dispersion 



Combined Transport 

|  When the processes are combined the result 
is called the Advection-Dispersion equation 
and the NET flux is the sum of the individual 
process fluxes: 

 

|  The mass balance becomes: 



Dispersion Coefficients 



Solutions to Advection-
Dispersion Equations 

|  1D Finite-Duration Pulse 

|  2D Constant Injection 

{  http://cleveland2.ce.ttu.edu/software/
spreadsheets/ssants/ 



Capture Zones 

|  A contaminant collection technique that 
uses arrays of wells to pump contaminated 
water (pump-and-treat) out of aquifer. 



Capture Zones 



Capture Zones 



Capture Zones 



Capture Zone  
Type-Curves 





1-Well Array 



2-Well Array 

|  Well Spacing  
    = Q/πBU 



3-Well Array 

|  Well Spacing  
    = [21/3]Q/πBU 



4-Well Array 

|  Well Spacing  
    = 1.2 Q/πBU 



Example 

B=10m 
dh/dl = 0.002 
K = 0.0001 m/s 
n = 0.2 
S =0.00003 
Drawdown <= 7m 



Example 



Example 

|  Apply the original aquifer properties to find 
the discharge/well and the maximum 
drawdown 



Next Time 

{  DONE! 
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