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ü Location

ü Geological characterization and Plume delineation

ü Remediation alternatives and challenges

ü Bench Scale Test

ü Pilot test

ü Full scale
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Areas of Concern



Hydrogeology – Cross Sections

ü Shallow aquifer

ü Lithology mainly clay + silt

ü Limited sandy layers

ü Some wells – no water

ü Low hydraulic gradient + 
conductivity

ü VOC concentrations through all 
layers

ü Natural reductive conditions 



Fate and Flow Modeling – TCE and VC in Groundwater 



Contamination Status – Vapor (may, 2018)
ü Vapor intrusion 

potential above 
acceptable levels

ü Site being occupied 
by new company

ü SVE



Soil Vapor Extraction (SVE)

localização do sistema SVE 

Horizontal Extraction Wells



Bench Scale Test: Decision Matrix

 Decision Matrix ERD EVO ISCO ISCR
Reductive underground environment ✓ ✓ ✘ ✓
Organic substrates ✓ ✓ ✘ ✓
By products formation ✘ ✘ ✘ ✘
Risk for the underground structures ✓ ✓ ✘ ✓
Cost and time effective ✘ ✘ ✓ ✓
Need for multiple applications ✘ ✓ ✘ ✓
IBAMA license ✘ ✘ ✓ ✓
Rebound ✘ ✘ ✘ ✓
H&S ✓ ✓ ✘ ✓



Binding Energy by Binding Type
Bonding Typical Compounds Binding Energy (eV)

Carbon-Carbon (simple) Chlorinated Ethanes, Long Chain Hydrocarbons 2.5
Carbon-Carbon (one and a half) Aromatics (BTEX) 2.0
Carbon-Carbon (double) Chlorinated ethenes 1.5
Carbon-Hydrogen Alkanes (TPH) 1.0

Bench Scale Test: ISCR x ISCO
IS

CO
IS

CR

Microcosms

Amendment Replica Reaction time (days)
1 15 30 45 60

Control -
C-1 x x x x x
C-2 x x x x x
C-3 x x x x x

ISCR

Provect-IR40
2% (mass)

R2-1 x x x x x
R2-2 x x x x x
R2-3 x x x x x

Provect-IR40
5% (mass)

R5-1 x x x x x
R5-2 x x x x x
R5-3 x x x x x

ISCO

Klozur SP
2% (massa)

O2-1 x x x x x
O2-2 x x x x x
O2-3 x x x x x

Klozur SP
5% (massa)

O5-1 x x x x x
O5-2 x x x x x
O5-3 x x x x x

Oxidation Potential of the Main Agents

St
ro

ng
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t O
xid
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t

Oxidant Potential (V)
Fluorine (F2) 2.87
Hydroxyl radical (OH•) 2.80
Persulfate radical (SO4•) 2.60
Ferrate (Fe6+) 2.20
Ozone (O3) 2.08
Persulfate (S2O8

2-) 2.01
Hydrogen peroxide (H2O2) 1.78
Permanganate (MnO4

-) 1.68
Chlorine (Cl2) 1.49



Bench Scale Test: ISCR x ISCO | Groundwater Results

✓
✓ ✘

✘



Bench Scale Test: ISCR x ISCO  | Soil Results

✘

✘✓ ✓



ISCR Pilot Test – Shallow level Injection



ISCR Pilot Test – Shallow level Injection



ISCR Pilot Test – Shallow level Injection



ISCR Pilot Test – Shallow level Injection



ISCR Pilot Test – Results

Results of the Pilot Test Performance

Parameters (µg/L)
MW-04

oct.-20 (baseline) dec.-20 may-21

VOC
PCE 150.00 6.00 9.00
TCE 74,970.00 657.00 439.00
TCA 36,610.00 65,160.00 9,011.00
DCE 66,190.00 369,430.00 218,450.00
VC 98.00 5,792.00 17,436.00

Biogeochemical
pH 7.49 5.50 5.80
ORP -85.10 -124.00 -70.50
Total Alcalinity 235,000.00 388,000.00 830,000.00
TOC 42,500.00 2,842,700.00 1,096,400.00
Chloride 142,000.00 2,840,000.00 894,000.00
Ethane 50.00 88.00 113.20
Ethene 142.00 187.00 459.50
Fe II 6,540.00 661,000.00 529,000.00
Methane 97.00 135.00 159.00
Nitrate 490.00 <7,500 5,250.00
Sulfate 37,500.00 89,000.00 <5,000



Full Scale | Injection Points Location and Injection Layers



ISCR Full Scale



Current Scenario | Groundwater Results 
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Current Scenario | Vapor Results 
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Conclusions / Lessons Learned
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