
Aggressive in situ remediation of a historical
chlorinated solvent source zone 1

Beyond pump & treat: Aggressive in situ 
remediation of a historical chlorinated solvent 

source zone using Groundwater Circulation 
Wells (GCWs) at Bussi sul Tirino, Italy

Marco Petrangeli Papini
Sapienza University of Rome

CEO - Trireme

Innovative Soil Remediation Solutions
Appropriate remediation strategies



Aggressive in situ remediation of a historical 
chlorinated solvent source zone 2

Technologies for
Reliable and
Innovative
REMEdiation

Trireme is an innovative
environmental consulting
start-up specialized in
technologies and services
for the remediation of
contaminated sites



Aggressive in situ remediation of a historical 
chlorinated solvent source zone 3

Technologies for
Reliable and
Innovative
REMEdiation

Trireme is an innovative
environmental consulting
start-up specialized in
technologies and services
for the remediation of
contaminated sites



Aggressive in situ remediation of a historical 
chlorinated solvent source zone 4

The case study (Bussi sul Tirino)
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• Bussi sul Tirino (one of the 42 Italian 
National Priority Site)

• Over 120 years of industrial history. 
In 1902, Italy’s first sodium chloride 
electrolysis plant began operating, 
producing caustic soda, sodium 
hypochlorite and hydrochloric acid. 

• From 1905, when carbon 
tetrachloride production began, until 
2007, the site produced various 
chlorinated solvents, including 
trichloroethylene, dichloroethane and 
chloromethanes.

The case study
Heavy contamination

Hydrocarbons, 
chlorinated solvents, 

chloromethanes, heavy 
metals, mercury, etc…..
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Geological 
boreholes

Chemical analyses (2003 -2022)

Well 
design

MIP

Piezometric 
levels
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1578 Georeferenced points

Total Area 1,77 km2
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1277 Virtual Boreholes

186 Real Boreholes



Aggressive in situ remediation of a historical 
chlorinated solvent source zone 9

chemistry OTT 03 – AGO 22

189 monitoring wells

hydrology LUG 05 – DIC 21
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3D Full Scale Geological interface
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Post-Processing (geological CSM) 3D
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Ex-chloromethanes Area
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MIP Investigation (30 profiles)
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2D Source delimitation (HRSC)
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3D Source architecture (HRSC)
(iso surface, XSD 0.5 V)
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Groudwater Circulation Wells (GCW)

• Multi - screened wells designed to create in-situ
ellipsoidal hydraulic circulation cells

• Generation of a "forced" vertical hydraulic gradient

• Mobilization of adsorbed contaminants on the solid
matrix and residual NAPLs

• Configuration, sizing and design of the system based on
site-specific hydrogeophysical peculiarities

• The pumped water is sent to a treatment plant before it
is returned to the aquifer

• "Flexibility in operation"
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Extraction screen

Re-Injection screenBox model
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Persistent 
contamination source

Progressive (enhanced) 
depletion pf contamiant 

source

Box model
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• 7 GCW wells

• 7 multilevel monitoring wells
(MLWS)

• 4 wells (20 m deep) for 3D
borehole Electrical Resistivity
Tomography (ERT)

• Treatment system (compact air
strippers and activated carbon
adsorption, with optional UV
polishing for vinyl chloride (VC)
treatment)

GCW 1
GCW 2

GCW 3

GCW 4
GCW 5

GCW 6

GCW 7

Plant configuration
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Drone view
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Inverted Resistivity Model
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