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Contaminated areas in 
São Paulo State 2010.



● Domestic: 
○ sewage; 
○ garbage;

● Hospital:
● Cemeteries:
● Industrial:

○ leakage 
○ waste
○ accidents during transport 

● Agricultural 
○ irrigation 
○ application of pesticides or fertilizers 
○ overpumping 

● Saline intrusion;
● Contamination with substances from adjacent areas;

Examples
of Source

Contaminated areas in 
São Paulo State 2010.



Why we model Oil spill?

● Forecasting contaminants plumes movements; 
● Estimate contaminated areas; 
● Estimate transport parameters for predictions; 
● remediation techniques assist in the selection of 

possible alternatives; 
● Delineation of protected areas of the contribution of 

area wells.





Contaminants types:
● Organic: 

○ Aromatic hydrocarbons; 
₋ fuels, solvents, resins etc. 

○ Oxygenated hydrocarbons;
₋ solvents, plastics, 

adhesives, insecticides 
etc. 

○ Hydrocarbons having specific 
elements (N, P, S, Cl, Br, I, F, 
etc.) 
₋ herbicides, insecticides, 

explosives, paints etc. 
○ Other hydrocarbons 

₋ detergents, fuels, 
pharmaceuticals etc. 

● Inorganic: 
○ Metals and cations;

₋ Alloys, solders, 
equipment, etc. tile 

○ Non-metals and anions; 
○ fertilizers, preservatives, 

synthetic fibers etc. 
● Radionuclides

○ Radiography, measures 
instruments etc. 

● Microbiological: 
○ Bacteria;
○ Virus;
○ Fungi;
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Contamination source:

● Scope: 
○ Spot: concentrated source in a small area 

e.g.: Well, leaking tanks.

○ Linear: the source extends along a line 
e.g.: River, channel, stream. 

○ Diffuse: the source extends even at low concentrations, on large 
surfaces 

e.g.: Irrigation areas, airborne transportation.

● Duration: 
○ Continuous; 
○ temporary;
○ Intermittent;
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NAPLs: non-aqueous phase liquids:

LNAPLs: light non-aqueous phase liquids.

ex.: combustíveis derivados do petróleo (gasolina, 
diesel)
DNAPLs: Dense non-aqueous phase liquids.

ex.: solventes clorados (TCE – tricloroetileno)



NAPLs: non-aqueous phase liquids:

LNAPLs: light non-aqueous phase liquids.

ex.: combustíveis derivados do petróleo (gasolina, 
diesel)
DNAPLs: Dense non-aqueous phase liquids.

ex.: solventes clorados (TCE – tricloroetileno)



LNAPL



DNAPL



The model

● Deterministic model;
○ due to the large number of data required for 

stochastic models and also because of the ease of 
use of the results as they require interpretation or 
subjective judgments.



Non-aqueous phase liquids

● Gravity flow 

● Capillarity 

● Transport droplets 
by groundwater

adapted from 
Lambe and 
Whitman (1979)



Physical Models















Displacement of one phase by another: 
"fingering" (interdigitation): 

depends on the ratio between the 
dynamic viscosities of the phase being 
drained and phase that is infiltrated.

Menezes Filho et al., 2005
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THE MODEL!



QUESTIONS?
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