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Contaminated areas in
Sao Paulo State 2010.

Numero de areas

1500

1000

Evolucéo do nimero de areas cadastradas

3675




Domestic: Exa m p leS

o sewage;

o garbage; Of Source

Hospital:

Cemeteries:

I n d u St r'i a I o Distribuigdo por atividade - dezembro de 2010
O lea kage o Resig:: (96) Indus;i;‘:b(‘t?n
o waste mmd“:zs o i
o accidents during transport

Agricultural

o irrigation

o application of pesticides or fertilizers

o ove rpumping Posto "(‘;2"2';:’“5““' Contaminated areas in
Saline intrusion; 79% Sao Paulo State 2010.
Contamination with substances from adjacent areas;




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:

e Organic: e Inorganic:
o Aromatic hydrocarbons; o Metals and cations;
- fuels, solvents, resins etc. - Alloys, solders,
o Oxygenated hydrocarbons; equipment, etc. tile
- solvents, plastics, o Non-metals and anions;
adhesives, insecticides o fertilizers, preservatives,
etc. synthetic fibers etc.
o Hydrocarbons having specific e Radionuclides
elements (N, P, S, Cl, Br, |, F, o Radiography, measures
etc.) instruments etc.
- herbicides, insecticides, e Microbiological:
explosives, paints etc. o Bacteria;
o Other hydrocarbons o Virus;
- detergents, fuels, o Fungi;

pharmaceuticals etc.
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Contamination source:

e Scope:
o Spot: concentrated source in a small area
e.g.: Well, leaking tanks.

o Linear: the source extends along a line
e.q.: River, channel, stream.
o Diffuse: the source extends even at low concentrations, on large
surfaces
e.q.: Irrigation areas, airborne transportation.
e Duration:
o Continuous;

o temporary;,
o Intermittent;



Contamination source:

e Scope:
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NAPLSs: non-aqueous phase liquids:

LNAPLs: light non-aqueous phase liquids.

ex.: combustiveis derivados do petroleo (gasolina,
diesel)

DNAPLSs: Dense non-aqueous phase liquids.
ex.: solventes clorados (TCE - tricloroetileno)
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The model

e Deterministic model;
o due to the large humber 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

e Gravity flow
e Capillarity

e Transport droplets
by groundwater

AA)
\__ ®

adapted from
Lambe and
Whitman (1979)

| trajetdria do fluxo
(escala macroscopica)

[ trajetoria do fluxo
(escala microscopica)




Physical Models

Figure X1a

Seill of PER. Kacmatic
viscosity = 0.54 mum?/s
Time « <1 %

Figure X10

Spill of PER. Later
stape of spill depicied i
Figure X1 a2 Kinematic
viscosily = 0.54 sumd/s
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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



Non-aqueous phase liquids
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NAPLS

e Gravity flow -.!

_§



NAPLS

o G raVi ty flOW update = function(cs)

still_oil = 0
(cs, function(cell)
if cell.past.cover == HOLLOW then
(cell, function(cell, neighbor)

if neighbor.past.cover == SPILL then
if cell.prob == false or neighbor.y == cell.y + 1 then
cell.cover = HOLLOW
else
cell.cover = SPILL
end

end
end)
elseif cell.past.cover == SPILL then
cell.cover = SPILL2



(((cell.x % 2)+ (celly % 2)) % 2) == 0 then
cell.cover = HOLLOW

counterf —counterf + 1 -- not used. no res
else
cell.cover = SAND

o Capillarity

u C:\Terra...[ = ‘ =] &J‘




(world, function(cell)
if (cell.y > 10) then
cell.cover = HOLLOW
end
if (cell.y < 10) or -- ##E##EHBRRBHBEHBERBHBBRBRHFREE control the Bedrock level
(((cell.x % 2)+ (celly % 2)) % 2) == 0 then
cell.cover = HOLLOW
counterf =counterf + 1 -- not used. no reason to count the hollow space;
o o else
‘ Ca p] l la r] ty cell.cover = SAND
countere = countere + 1 --not used. no reason to count sand grains;
end
if (cell.y ~= 0) then
else
cell.cover = SPILL
count_spill = count_spill + 1
end
if (cell.y > 50) and -- ###HARBBRRAAARBBRBARAAARBBBAAH control the Bedrock level
(((cell.x % 2)+ (cell.y % 2)) % 2) =} 0 then
cell.cover = SATURATED
end
if (cell.y > 80) then -- ###HRERERERERERBRERERBRBRFRERE control the Bedrock level
cell.cover = SAND
end
end)




e Transport droplets
by groundwater




THE MODEL!



QUESTIONS?
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