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Aspects of the near surface to be highlighted using (also) 
geophysical methods
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source of geophysical signal.
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It has been often observed that “mature” hydrocarbon 
contamination increases the electrical conductivity of the host 
formation.
 
This causes the presence of signals in GPR (as attenuation)
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It has been often observed that “mature” hydrocarbon 
contamination increases the electrical conductivity of the host 
formation.
 
… and of course in ERT
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SITE CHARACTERIZATION

source

pathway

receptors

In the prospective of risk analysis, it should provide the 
necessary information to define the chain:

sources -> pathways -> receptors
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The final product: A SITE CONCEPTUAL MODEL

(AN INSTANCE OF THE SCIENTIFIC METHOD)

SITE CONCEPTUAL
MODEL

SITE CHARACTERIZATION

CHARACTERIZATION PLAN
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Sabbie

Limi e argille

Limi e argille con sostanza organica

Limite tra le unità geologiche
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Profilo topografico
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Surveys post-iniezione
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STUDY AREA
The NATO air base in Decimomannu, Sardinia 

(Italy)

OUTER AREA

INNER AREA

Base boundary
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CONTAMINATION HISTORY

 Three jet fuel (JP8) spills 
from pipelines have been 
identified during the past 
decade: 

April 2010 spill

July 2007 and
December 2009 spills

• July 2007, 40000 liters at 
2 m depth;

• December 2009, 5000 
liters (same location as in 
2007);

• April 2010, 5000 liters

Base boundary
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ancient gravels
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GEOLOGICAL CONTEXT
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Manganese (Mn++)

Max conc ≈ 1000 μg/l

Iron (Fe++) Total Petroleum 
Hydrocarbons

Max conc = 1000 μg/lMax conc = 10000 μg/l

Base boundary

Prevalent
Ground water
Flow direction

GROUNDWATER CONTAMINATION

The water table oscillates (+/- 2 m) around 5 m below ground 
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TPH in soil (1-4 m depth) in mg/kg

Base 
boundary

100 m

SOIL CONTAMINATION
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GEOPHYSICAL INVESTIGATIONS (ERT / 
EMI)
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TPH in soil (1-4 m depth) in mg/kg
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boundary
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anomalous low resistivity zone Electrical Resistivity
(Ohm m)

EMI results
(6 m thickness average)

anomalous 
EMI zones

Vineyard (no 
EMI possible 
because of 
metal wiring)
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Vineyard (no EMI possible because of metal wiring)
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Base boundary

Electrical Resistivity
(Ohm m)



49Cassiani 

Base boundary

Electrical Resistivity
(Ohm m)
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Overall interpretation of resistivity anomalies

Similar signals can have different origins!



51Cassiani 

Monitoring of pilot tests for reagent injections
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Monitoring of pilot tests for reagent injections
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Monitoring of pilot tests for reagent injections
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Presence of free phase from fluorescence logs
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Trecate, NW Italy
February 28 1994 
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Blow out of TR24 oil well
Trecate, Novara

February 28 1994 

TR24

0     0.5     1 km
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biopiles

Remediation

bioventing

free phase removal
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today
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Rice, soy and corn 
fields

Monitoring boreholes with PVC casing

today
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Water table oscillations 
Caused by extensive rice field irrigation.
The water table rises and falls at a rate of about 1 
m/month.
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The subsoil is made of 
silty and sandy gravel
(fluvio-glacial deposits)



64Cassiani 

Oil contamination in 

the Trecate subsoil
(from Geoprobe samples)

Extent of >500 mg/kg TPH 10 m4 m 6 m
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FDEM electrical conductivity maps (6 m depth)

March 2011

March 2010
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High conductivity (low permeability?) channels 
acting as barriers for oil vertical migration

Structural control on contamination



71Cassiani 

A’

B’

B

2011 SoilCAM boreholes

TRECATE

A

2009 SoilCAM boreholes



72Cassiani 

2009 SoilCAM boreholes

Boreholes permanently  equipped with 

electrodes for ERT,

Used also for cross-hole GPR

        ERT        MOG GPRZOP GPR
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MOG ERT

2009 Soilcam boreholes
Cross borehole radar (Sep 2009) and ERT (June 2009)
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MARCH 2011
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east ground surface
BS5 BS6 BS7 BS8

1m

west

10m

7m
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tube for protection
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sampling port

groundwater level

reference depth

reference depth

2009 SoilCAM boreholes

SoilCAM multilevel samplers
(Markus Wehrer - Univ of Jena)



76Cassiani 

Green 1st campaign: 30.08.-04.09.2010: water table ≈ - 6.5 m bgl
Blue 2nd campaign: 11.10-15.10.2010: water table ≈ - 8.5 m bgl
Yellow: 3rd campaign: 10.05.-12.05.2011: water table ≈ - 8.5 m bgl

SoilCAM multilevel samplers
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SoilCAM multilevel samplers
vs
concentration in soil (liners)
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Yearly water table
oscillation range
Yearly water table
oscillation range

contaminateduncontaminated
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Contamination at 
2009 Soilcam boreholes
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The sample in the plastic bottle 
left is not filtered, it has a thin 
floating oilphase and the brown 
aqueous phase below is an 
emulsion. 

The sample in the tube on the 
right (which is the same sample 
but filtered at 0.45 µm), is 
tranparent 

Contamination from multilevel samplers
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Yearly water table
oscillation range

ZOP GPR
vs
multilevel samplers ZOP
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Yearly water table
oscillation range

ZOP GPR
vs
multilevel samplers

Yearly water table
oscillation range
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Yearly water table
oscillation range

ZOP GPR
vs
concentration in soil (liners)

Yearly water table
oscillation range
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ZOP GPR
vs
multilevel samplers

Yearly water table
oscillation rangeYearly water table
oscillation range
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ZOP GPR
vs
multilevel samplers

Yearly water table
oscillation rangeYearly water table
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Yearly water table
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ZOP GPR
vs
multilevel samplers
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MOG ERT

Cross borehole radar (Sep 2009) and ERT (June 2009)
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Bologna 
train station

• PCE and TCE about 10-15 times the 
maximum allowed concentrations in 
groundwater.

• Origin: degreasing of railway coaches.
• Contamination known since early 2000’s.

Bologna railway station site: contamination
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Intermediate acquifer hydraulic 
conductivity = 5x10-5-1x10-4 [m/s]

Ciampi et al. 2016

Regenesis

Bologna railway station site: stratigraphy

medium sand 
with gravel

anthropic debris

clay

clay

fine sand with silt

Shallow acquifer hydraulic 
conductivity = 5x10-6-1x10-4 [m/s]
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PCE and TCE can be degraded 

using reductive dechlorination. 

This is mediated by 

Dehalococcoides bacteria under 

reducing conditions.

However, at the Bologna site 

the concentrations are too low 

to trigger natural attenuation. 

Bologna railway station site: remediation
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Bologna railway station site: remediation
• The strategy involves injecting 

substances that can help activate the 

natural attenuation. In particular two 

substances are needed:

1. Colloidal activated carbon 

(PLUMESTOP® by REGENESIS) with ≈ 

1-2 μm particle size in water suspension, 

to help immobilize and concentrate the 

PCE for microbial uptake.

2. Sugar amendment as an electron donor to 

reduce Redox conditions and activate 

anaerobic conditions.
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• Laboratory column experiments have 

demonstrated the effectiveness of 

the approach

• Field-scale application has followed: 

injection has taken place from 13 

wells, injecting at low pressure 4m3 

per well.

Bologna railway station site: remediation
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As both the colloidal activated carbon and the 

sugar amendment increase the electrical 

conductivity of groundwater, we used time-lapse 

ERT as a monitoring technique. 

Logistics is not easy at all…

Test site

30
m

Geophysical monitoring
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Geophysical monitoring: the logistical difficulties required optimal 
ERT design. Both dipole-dipole and WS tested.

dipole-dipole skip 
2

dipole-dipole skip 
4

Wenner-Schlumberg
er

Log10(ρ) 
(Ωm) 
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Absolute resistivity – line L1 

Resistivity ratio with 
respect to background  
(in %)

Iniection location

Variation of resistivity 
caused by the 
november 2015 injection

meters

m
et

er
s

Geophysical monitoring: 
(1) background ERT images show palae-channels that control fluid 

migration.
(2) time-lapse ERT images show the heterogeneous distribution of 

injected fluid.

Log10(ρ) 
(Ωm) 
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❑ The use of geophysical measurements for hydrocarbon 
contamination studies can reveal:

(a) structural information /pathways

(b) contamination mapping

❑ For structure and even more for contamination 
assessment from geophysics, independent information 
is essential.

❑ In all cases the resolution and penetration capabilities 
of geophysical methods must be assessed carefully

General conclusions
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