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Groundwater Remediation Technologies
Some of the most common technologies are:

 Pump and treat (P&T) / hydraulic barriers
 NAPL recovery with water table depression (LightNAPL – DenseNAPL)
 Skimming
 Multi-phase extraction
 In situ chemical oxydation/reduction(ISCO - ISCR)

Air Sparging – AS
Enhanced bioremediation (release of pure oxygen)

Pump and treat (P&T) / hydraulic barriers
Hydraulic containment
Technology
description

Applicability

Benefits

Water
filtration

Pumping groundwater from the
subsurface via extraction wells to
form a cone of depression or
hydraulic barrier
for containing and removing dissolvedphase organic and inorganic
contaminants in groundwater
rapidly control the migration of
contaminants over extensive areas.
Prevent off-site migration of
contaminants or plume expansion
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Case study: hydraulic barrier at a petrochemical site
Hydralic barrier

Hydraulic barrier has been installed in 2018 to
prevent plume migration towards the river
• 311 shallow wells with 3 m spacing along the
downgradient perimeter of the site
• 16 pumping stations (holding tank and transfer
pump) along 1 km hydraulic barrier
Groundwater contamination was mainly
hydrocarbons and metals.
The water treatment system has 3 parallel treatment
lines (40 m3/h each) made of physical-chemical
section and final filtration through quartz sand and
activated carbon columns.

Pump stations

NAPL recovery with water table depression (LightNAPL –
DenseNAPL)
Technology
description

Applicability

Pumping groundwater to create a cone of
depression in the water table so that NAPL
is directed toward pumping wells to where
it is extracted and conveyed to a separation
and/or treatment system
for hydraulic control of the hydrocarbon
plume. Suited for moderate to high
permeability formations.

Water
filtration

OWS

Recovery
well

Groundwater
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Benefits

hydraulic control of NAPL and the
groundwater plume.
NAPL recovery rates are enhanced by
water-table depression

Source: Management and remediation of sites in the petroleum industry – IPIECA 2014
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Case study: hydraulic barrier and source remediation at a
former refinery
Hydraulic barrier installed to contain a contamination
plume during source treatment.
The barrier included 6 extraction wells with submersible
pumps.
Other 6 wells installed at hot spots were equipped with
electrical submersible pumps and top inlet pneumatic
pumps (dual pump) 3 of which also with skimmers.
20 extraction wells connected to a MPE system to enhance
plume removal.
The water treatment system consisted in a OWS and a GAC
filtration (20 m3/h).
The vapours were treated with a catalytic oxidizer 1000
m3/h.
The system was designed to be decommissioned in 48 h
because of risk of flood from the adjacent river.

Skimming systems

Technology
description

Applicability

Benefits

involves the removal of NAPL near the
water table using passive devices
(canisters) or pneumatic pumps mainly.
The primary goal of skimming is to recover
NAPL with little or no collection of water.
NAPL removal using skimming technology
can be used at sites where LNAPL is
relatively mobile in the subsurface
(moderate to high transmissivity)
Skimming systems can remove
significant contaminant mass and
separate NAPL from water at the
product-water interface, reducing
groundwater treatment costs

Source: Management and remediation of sites in the petroleum industry – IPIECA 2014
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Case study: LNAPL recovery at a fuel depot
Design to recover an accumulation of diesel beneath
an above-ground storage tank.
The pump&stock system includes 6 pneumatic
skimmers (ATEX) and a tank of 500 litres. It was
designed based on challenging conditions: proximity
to the shoreline with tidal influence and river bed
seepage.
It has been observed that LNAPL was maily
recoverable during low tide conditions.
The controller was connected to a water level
sensor to activate the skimmers only below a
pre-set water table level. Othe 5 passive skimmers.
The system was able to recover all the freephase
within the estimated remediation
timeframe (15 months)

Multi-Phase Extraction systems

Technology
description

Applicability

Benefits

Vapour/liquid
separation

uses a high-vacuum system to remove
combinations of contaminated
groundwater, NAPL and vapour
simultaneously from the subsurface, which
are separated and treated.
can operate in a wide range of
subsurface materials (low permeability),
with shallow water tables and lighterfraction, volatile contaminants.
can provide combined treatment of soil
and groundwater.
Treatment of the smear zone that is
desaturated.

Source: Management and remediation of sites in the petroleum industry – IPIECA 2014
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Case study: Multiphase Extraction at Petrol Stations
Three (3) MPE systems have been commissioned at three
petrol stations for soil and groundwater treatment.
Two (2) systems were equipped with a multi-tray air
stripper and one with oil/water separator (5 m3/h),
depending on the presence of LNAPL.
All three systems were connected to approximately 30
extraction wells each.
Two activated carbon filtration units (500 kg each) treated
respectively the gas flows from the air stripper and the
vacuum pump.
The water from the air stripper or OWS was sent to 2
activated carbon filters before discharge into sewer.

Case study: Multiphase extraction at a former refinery
Nine (9) MPE systems were installed at two areas of a
decommissioned refinery contaminated with petroleum
hydrocarbons and solvents.
In one area 4 MPE systems (120 extraction wells) are
connected to 2 catalytic oxidizers for vapour treatment
(500m3/h each).
In the second area 5 MPE systems (145 extraction wells)
convey the vapor phase to 3 catalytic oxidizers and
scrubber towers, for chlorinated solvent treatment.
The vapour extraction rate of each MPE is 250 m3/h,
while the liquid phase is treated through a OWS (3 m3/h)
and then pumped to the main waste water plant.

The system was started in 2014 and it’s still in operation.

In-situ chemical oxidation/ reduction (ISCO – ISCR)

Technology
description

Applicability

Benefits

ISCO –ISCR are technologies that attempt to
transform subsurface contaminants in-situ.
Chemicals injected into the subsurface
(strong oxidants such as H peroxide, Na
persulfate, K permanganate or ZVI) react
with the compounds of concern, leading to
their transformation or degradation into
less toxic breakdown products.
ISCO/ ISCR are more suitable for treatment
after mass removal and treatment of a
wide range of contaminants.
These technologies have the potential for
achieving significant mass destruction of
contaminants in the subsurface and
reduction in toxicity
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Source: Contaminants in the Subsurface: Source Zone Assessment and Remediation (2005) – The National Academies Press
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Case study: ISCO injections
ISCO direct push injections performed by 2 geoprobe rigs.
The site, surrounded by residential houses, is contaminated by
chlorinated solvents, especially perchloroethylene PCE.
The project consisted in the injection of 40 tonnes of sodium
permanganate at 40% solution during 2 injection events in one year.
Each event included 30 direct push injections to 6-12
m bgl and 13 injection wells at low pressure.
An hydraulic barrier of 4 wells has been installed at
the boundary of the site with pump & recirculation
system.
A vapour barrier of 6 SVE extraction wells (300 m3/h)
installed on a side of the area, including a HDPE cover
at the surface.
The project is ongoing and the second event is
planned on October 2019.

Geostream is an international group with the objective of offering solutions and
technologies for the remediation of soil, groundwater and process water.
Geostream offers integrated engineering services to develop complex
remediation projects, covering the early phases of conceptual design and
definition of specifications up to pre-commissioning, commissioning and startup
including maintenance and optimizations.

