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CONSULTING SERVICES

R

¢ Site Characterization Plan

* 3D Conceptual Site Models

* Remediation Potential Assessment

* Screening of Remediation Strategies

REMEDIATION DESIGN

e Multidisciplinary Site Characterization
* Microcosm Studies
* Pilot-Scale and Full-Scale System Scale-Up

PROCESS & TECHNOLOGY DEVELOPMENT

* Integrated Physicochemical and Biological Processes
¢ Biostimulation
¢ Bioaugmentation

MONITORING & PERFORMANCE ASSESSMENT
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e Chemical Analyses
* Biomolecular Analyses




The case study (Bussi sul Tirino)

Google Earth

Data SI0, NOAA, U.S. Navy
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The case study R \ % Hydrocarbons,

chlorinated solvents,
chloromethanes heavy

* 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.
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Area Data  Composto Origine  Concentrazione Eccedenza=1- Conformit =0
P30 EstSito-exAreaMedavox  01/03/19 pHin situ (U pH) Ramboll 1L,88N.D.  ND.
P73 EstSito-exAreaMedavox  01/03/19 pHin situ (U pH) Ramboll 1026N.D.  NOD.
P20 Barriera DX Tirino 01/03/13 pH in situ (U pH) Ramboll 1LSND.  NO.
Wos  Barriera DX Tirino 01/03/19 pH in situ (U pH) Ramboll 1048N.D.  ND.
Bl w7o  Barriera DX Tirino 01/03/19 pH in situ (U pH) Ramboll 795N.D.  ND.
Barriera DX Tirino 01/03/19 pH in situ (U pH) Ramboll 738ND.  ND.
Barriera DX Tirino 01/03/19 pH in situ (U pH) Ramboll 751ND.  ND.
Aree esterne 01/03/19 pH in situ (U pH) Ramboll 763ND.  ND.
Aree esterne 01/03/19 pH in situ (U pH) Ramboll 706N.D.  ND.
Aree esterne 01/03/13 pH in situ (U pH) Ramboll 753ND.  ND.
Barriera SX Tirino 01/03/19 pH in situ (U pH) Ramboll T4TND.  ND.

01/03/19 pH in situ (U pH) Ramboll 788N.D.  ND.

01/03/19 pH in situ (U pH) Ramboll ZIND.  NO.
Barriera SX Tirino 01/03/19 pH in situ (U pH) Ramboll 721ND.  ND.

Permeable Membrane

EstSito- ex AreaMedavox  01/03/19 Mercurio (ug/1) M. Ramboll 14,8 11
EstSito- ex AreaMedavox  01/03/19 Mercurio (ug/l) MA Ramboll 0,67 11 Yolatile ﬂrguir.
Barriera DX Tirino 01/03/19 Mercurio (1g/1) MA! Ramboll 2,18 1 1 H
Barriera DX Tirino 01/03/19 Mercurio (g/1) M Ramboll 13 11 &H“.“m
Barriera DX Tirino 01/03/19 Mercurio (ug/l) MAX=1 Ramboll <0,2 11 in Soil
Barriera DX Tirino 01/03/19 Mercurio (ug/1) MA’ Ramboll <0,2 1 1
Barriera DX Tirino 01/03/19 Mercurio (ug/!) M. Ramboll <02 11
Aree esterne 01/03/19 Mercurio (g/1) M Ramboll <0,2 11
Aree esterne 01/03/19 Mercurio (ug/1) M Ramboll <0,2 11
Aree esterne 01/03/19 Mercurio (ug/l) MAX=1 <0,2 11
B nimnien e B R Soil Conductivity
Measurement Tip

MULTI CRITERIA DECISION
ANALYSIS TOOL

P62 Aree esteme 01/03/19 Benzene (ug/l) MAX=1 Ramboll <0,05 11
41 Aree esterne 01/03/19 Benzene (ug/l) MAX=1 Ramboll <0,05 11
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1578 Georeferenced points

I Extent
o Points (All)
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1277 Virtual Boreholes

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

I Extent
¢ Virtual Boreholes

¢ Real Boreholes




hydrology LUG 05 - DIC 21

Aggressive in situ remediation of a historical
chlorinated solvent source zone

Legenda
O Piezometri
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3D Full Scale Geological interface

Stratigraphy

- Terreno Vegetale o Riporto

- Materiale detritico recente

- Alluvioni da grossolane a medio-fini
[ Limi Bruni

- Detrito di Versante

|:| Substrato roccioso Travertinoso

- Depositi alluvionali antichi medio-fini
- Undefined alluvial deposists

- Substrato roccioso argilloso-marnoso
[ ] substrato roccioso calcareo

Aggressive in situ remediation of a historical
chlorinated solvent source zone
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Post-Processing (geological CSM) 3D .

Stratigraphy

[ Terreno Vegetale o Riporto

[_] Materiale detritico recente

[ Rifiuto

[ Terre rosse

1 Limi con torbe

[ Alluvioni da grossolane a medio-fini
[ Limo argilloso

[_] Sabbia limosa e limo sabbioso

[ Limi Bruni

[_1 Substrato roccioso Travertinoso
[ Detrito di Versante

[ Depositi alluvionali antichi medio-fini 3
[ ] Undefined alluvial deposists

1 Substrato roccioso calcareo

trireme

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



Ex-chloromethanes Area

Aggressive in situ remediation of a historical
chlorinated solvent source zone
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MIP Investigation (30 profiles)

P ' . MIPO/E S MIP10.
WL PIR1ERIA] { &> Y
- 4 _ i

Aggressive in situ remediation of a historical
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2D Source delimitation (HRSC)

RIP2:P14
) PIP1:P14

MIP21 -
@

O MIP
XSD Average (V)
0,0
0,2
10,3
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3D Source architecture (HRSC)
(iso surface, XSD 0.5 V)
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Groudwater Circulation Wells (GCW)

j e 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
P / site-specific hydrogeophysical peculiarities

. * The pumped water is sent to a treatment plant before it
s \ is returned to the aquifer

* "Flexibility in operation”

N1
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Box model Re-Injection screen

Extraction screen
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Box model

Progressive (enhanced)
depletion pf contamiant

Persistent source

contamination source
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Plant configuration

e 7 GCW wells

* 7 multilevel monitoring wells
(MLWS)

e 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)

trireme
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7 GCW wells
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-

7 GCW wells

Ve 7 multilevel monitoring wells
(MLWS)

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



7 GCW wells

7 multilevel monitoring wells
(MLWS)

4 wells (20 m deep) for 3D
borehole Electrical Resistivity
Tomography (ERT)
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Inverted Resistivity Model
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Treatment system (compact air
strippers and activated carbon
adsorption, with optional UV
polishing for vinyl chloride (VC)
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Treatment system (compact air
strippers and activated carbon
adsorption, with optional UV
polishing for vinyl chloride (VC)
treatment)
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