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Geological Legend:

Level A - Rock's high alteration soil / Level B - Rock's low alteration soil / Level C - Alteration soil interface and top of Soft Weathered Rock
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Between the mid-1940s and the late of the nineteen
seventies, an industrial plant, located in São Paulo, Brazil, produced
Tetrachloroethene and 1,1,2-Trichloroethene, starting from 1,1,2,2-
Tetrachloroethane . This process led to a contaminated area, which was
identified by a high resolution investigation carried out in the site. All
hydrostratigraphic levels of the free porous aquifer were studied, which
indicated those processes caused high concentrations’ contamination in
soil and ground water, including DNAPLs. The interest depths' definition
was based on the high resolution investigation results, which
demonstrated that the depth of 15 to 25 meters is the target horizon to
remediate, in the transition zone between the “saprolite” and the “soft
weathered rock”.

The estimated total mass of contaminants (chlorinated
solvents) accumulated in the soil and groundwater was about 11 tons,
being distributed in approximately 53% of 1,1,2-TCE, 36% of 1.1.2.2-
PCA, 4 % of PCE and 7% of by-products generated by degradation
reactions of these 03 substances.

The study's primary objective was to define 
the best techniques to remove 
contaminants' mass, plume containment
and fractured aquifer protection.

Mass Removed

• Pilot test 1 (P&T Enhanced by Flushing) removed 1,095.7 kg mass of VOC contaminants in the liquid
phase;
• Pilot test 2 (DPE enhanced by Ozone Sparging) removed 322.6 kg of contaminants in the liquid phase
and 93.8 kg in the gas phase, performing a total mass of 416.4 kg of VOC;
• Pilot test 3 (DPE enhanced by Air Sparging) removed 810.9 kg of contaminants in the liquid phase
and 98.4 kg in the gas phase, performing a total mass of 909.3 kg of VOC;
• Pilot test 1 was able to remove more dissolved-phase mass than the other 2 tests because:
(i) As it is the flushing principle, it mobilizes retained-phase contaminants into groundwater; (ii) it was
located in the most impacted area, ie a greater removal is expected in relation to a site with lower
concentrations (eg Pilot 2 region);

• Pilot tests 2 and 3, in addition to physical
extraction, also had the ability to reduce
concentrations by chemical reactions (oxidation). In
this context, the evaluation of the best technique
had to be carried out by comparing the
concentrations of the observation wells (baseline vs
post pilot tests), as well as the percentage reduction
in the concentrations of the chemical substances of
interest.

• The three selected tests showed to be hydraulically safe.
• Flow and transport modeling carried out prior to the tests, as well
as a robust monitoring program, were fundamental to assure this
hydraulic safety.
• High resolution investigation allowed the diagnosis of the main
contaminant storage areas. Improved techniques were directed to
these areas to optimize the remediation process.
• All 03 combined techniques showed potential for application in
this case. In 04 months of tests, more than 02 tons of chlorinated
solvents were extracted, in addition to the oxidized mass in situ.
• Although the flushing+P&T and air sparging+DPE techniques have
promoted greater mass removal (dissolved and vapor phases), the
evaluation based on the percentage reduction of contaminants in
the physical environment showed that the application of DPE
enhanced by Ozone Sparging is the most effective combination of
techniques for the case.
• The large-scale project is expected to start in 2022.

The pilot projects were designed to operate for 2 months each:

· Pilot test 1 (Pump & Treat enhanced by surfactant's Flushing), Pilot test
2 (Dual-phase Extraction enhanced by Ozone Sparging), Pilot test 3
(Dual-phase Extraction enhanced by Air Sparging).

· For Pilot test 1, an injection well was installed at 20 m depth. For Pilot
test 2, two injection wells were installed at 18 and 20 m depth and, for
Pilot test 3, an injection well was installed at 20 m depth.

· Three multi levels extraction wells were installed for each Pilot test,
each one composed of four wells, having filter sections at different
depths (Level A: 5 - 10 m depth; Level B: 10 - 15 m depth; Level C: 15 -
20 m depth; Level D: 20 - 25 m depth).

· Observation wells were used in all tests, at different distances, to assess
disturbance and results of the injection and extraction. During each
Pilot test important data were monitored in the systems (liquid and gas
pumped volume, liquid and gas injected volume, extraction and
injection flow, carbon bed filters' efficiency - phases liquid and gas - and
air stripper’s efficiency) and observation wells (water level table,
vacuum, physicochemical parameters - temperature, pH, electrical
conductivity, redox potential, dissolved oxygen). Four different
efficiency and efficacy campaigns were performed for each test, when
each extraction well and systems’ inputs and outputs were sampled, to
chemical analysis of VOCs, metals and organochlorine pesticides.
Among those campaigns, water samplings were performed in Level C
observation wells, to monitor groundwater VOC’s concentration
evolution. 166 liquid effluents samples were collected, 118 gaseous
effluents samples and 94 groundwater samples, including all three
tests, the baseline and post Pilot tests campaigns.


