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Aspects of the near surface to be highlighted using (also)
geophysical methods
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Generally speaking, contamination is only one,
and not necessarily the most important,
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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

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

sources -> pathways -> receptors

receptors

source

. ) pathway

_—_
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The final product: A SITE CONCEPTUAL MODEL

(AN INSTANCE OF THE SCIENTIFIC METHOD)

SITE CHARACTERIZATION
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Estensione regionale delle formazioni di interesse
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Test con tracciante

volume d'acqua iniettato = 20 m3
concentrazione NaCl = 6 g/litro
conduttivita della soluzione # 11 mS/cm
conduttivita dell'acqua in sito # 1-2 mS/cm
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Monitoraggio geoelettrico

5 linee a 48 elettrodi E-W (Y) a spaziatura 2 m,
lunghezza totale 94 m

4 linee a 48 elettrodi N-S (X) a spaziatura 1.5 m,
lunghezza totale 70.5 m

1 linee a 48 elettrodi N-S (6X3) a spaziatura 1.3 m,
lunghezza totale 61.1 m

2 linee a 48 elettrodi ad alta risoluzione
(X05 ed Y05) a spaziatura 0.5 m,
lunghezza totale 23.5 m
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Survey di base (pre-iniezione)
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Iniezione del tracciante
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Surveys post-iniezione
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Surveys post-iniezione
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Surveys post-iniezione
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Surveys post-iniezione
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Surveys post-iniezione
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Surveys post-iniezione
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STUDY AREA
The NATO air base in Decimomannu, Sardinia
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CONTAMINATION HISTORY

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

2 m depth;

Base boundary * December 2009, 5000
liters (same location as in
2007);

« April 2010, 5000 liters

/ . July 2007, 40000 liters at
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Fig. 1. Three-dimensional geological model of the Decimomannu military airbase depicting the stratigraphic relationships. Position of the fuel spill areas, pumping

wells, hydraulic barrier, LIF-CPT investigations, and ERT lines inside the military domain.
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GEOLOGICAL CONTEXT
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GROUNDWATER CONTAMINATION

z
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Ground water
.. Flow direction
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Max conc = 1000 g/l

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
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Vineyard (no EMI possible because of metal wiring)
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Overall interpretation of resistivity anomalies

Low resistivity of
contamination/
biodegradation origin

Stratigraphy
D anthropic debris
D recent gravels

Low resistivity of
lithological origin R
(hazelnut clays) 0 ;T:ﬁ:;jveefys

D deep clays

\D deep gravels

8 Electrical

60 o e
o Tesistivity

20 (Ohm m)
0

Similar signals can have different origins!
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Monitoring of pilot tests

for reagent injections

PHASE DATUM PZ11 PZ15 PZI
Water Depth (m b.g.l) 5,02 4,72 4,97
T — Groundwater pH 6,72 6,73 6,84
Petrocleanze Injection Injection Pressure (bar) 0 0 0
36 Kg of Petrocleanze Injection Rate (L/min) 26 21 20
725 L of solution (5% dilution) Injection Time (min) 35 36 40
Washing Volume (L) 100 100 100
Wash Injection Pressure (bar) 0 0 0
Injection Rate (L/min) 26 25 20
Injection Time (min) “ “ 5
Regenox Injection Injection Pressure (bar) 0 0 0
36 Kg of Regenox Injection Rate (L/min) 25 15 1"
725 L of solution (5% dilution) Injection Time (min) 45 55 .
Washing Volume (L) 100 100 100
Wash Injection Pressure (bar) 0 0 0-0,2*
Injection Rate (L/min) 25 15 1-6*
Injection Time (min) B 7 =
Final activit Water Depth (m b.g.l) 2,32 3,53 3,55
Groundwater pH 10-11 11-12 12
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Monitoring of pilot tests for reagent injections
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Presence of free phase from fluorescence logs

Stratigraphy

Backfill
Recent Alluvia
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intermediate Clays

Ancient Alluvia » ll [
EBase Clays U”l"l |“ ‘ _w
BBase Gravels = oy A llf‘ I

Fluorescence (%)

45
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Fig. 11. 3D model of fluorescence measured by LIF-UVOST probes in the geological framework of the site. The executed stratigraphic boreholes are p

three-di

| solid and multi e picture.
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Fig. 9. Resistance to penetration of the cone resulting from CPT and fluorescence signals detected by LIF-UVOST technology along with a vertical profile (a).

Adjacent stratigraphic log representing the calibration borehole (b).
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section, pi ic level, and fluorescence peaks detected along the track reported in the map.
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depth (m)

depth (m)

depth (m)

depth (m)

0 20 40 BH%O 80

distance (m) distance (m) distance (m)
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Fig. 3. CCl results for data collected along profile P1 where the presence of LNAPL in free-phase has been reported by means of LIF logging (indicated by the blue rectangles at ca. 45 and
80 m of the profile distance). The CCl are presented in terms of the real, imaginary and phase of the complex conductivity. The dots at the surface show the position of the electrodes, while
the continuous horizontal line at 3.3 m depth indicates the position of the groundwater table during our measurements. Lithological information obtained from boreholes BH6 and BH7 is
imposed on the electrical model, with the boxes, indicating: the backfill materials on the top (white), the recent alluvial (no color), the Hazelnut clays (gray) and the ancient alluvial
sediments (no color).
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Outline

The Trecate case
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Blow out of TR24 oil well
Trecate, Novara
February 28 1994
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Monitoring boreholes with PVC casing

Rice, soy and corn
fields
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water table elevation (m msl)

Water table oscillations

Caused by extensive rice field irrigation.
The water table rises and falls at a rate of about 1
m/month.

136

max:. GUQUST borehole BM

e S Rice field

L A e e L Y A

unconfined

LT e S S N B :
aquifer

7 e S e o S TSt PR

ey T O S SO W S N S T— . N——. . October to March

130 1 S 5 i | i e - LSt 6m
min: march unconfined
129 . . . .
. | | | , aquifer
01-gen-96 31-dic-96 31-dic-97 31-dic-98 31-dic-99 30-dic-00 12 m
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Oil contamination in

the Trecate subsoil

(from Geoprobe samples)

Extent of >500 mg/kg TPH @7 4m .!’»Tll-' 6m @ 10 m L B N
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Outline

QO Geophysics at the Trecate site: structure
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Residual soil contamination
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FDEM electrical conductivity maps (6 m depth)
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Structural control on contamination
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acting as barriers for oil vertical migration
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2011 SoilCAM boreholes
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= Boreholes permanently equipped with
B-S3 Infiltrametra B-S4 \I'_

= F electrodes for ERT,

Used also for cross-hole GPR
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2009 Soilcam boreholes
Cross borehole radar (Sep 2009) and ERT (June 2009)
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SoilCAM multilevel samplers

(Markus Wehrer - Univ of Jena)
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SoilCAM multilevel samplers

Blue 2" campaign: 11.10-15.10.2010: water table = - 8.5 m bgl
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Contamination from multilevel samplers

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 ym), is
tranparent

SoilCAM
. —
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Cross borehole radar (Sep 2009) and ERT (June 2009)

| Velocity
(m/ns)

0.15

X -6
Elevation

(m)

Elevatlon .....................

(m)

(=}
1)
—

water table <

e
o
<

0.03

Distance Distance

Cassiani 88



lll‘\i!\/’lilftﬁ‘l'?’\ DIPARTIMENTO
DEGLI STUDI ‘ DI GEOSCIENZE

DI PADOVA

5033600 - L L L
5033500 -
2 Conductivity
(quadrature)
,g (mS/m)
[ ] ~ -
Trecate site: reconsider
surface measurements ap— -
5033200
1479700 147;)800 147! ; 900 148(I)000 1480100
Easting (m)
: : SoilCAM holes : :
uncontaminated line B contaminated line A
B B’ A \ A
0 e - I
Depth 5 ‘
() 2] N —— d - ;
0 20 40 60 80 100 180 200
Distance p Distance (m)
" )=
500 5000
A A!

(m)

U=

s
Depth

6

8

0 20 40 60 80 100 120 140 160 180 200
Distance Distance
(m) (m)

Cassiani 89



UNIVERSITA Dl pARTlMENTO
DEGLI STUDI DI GEOSCIENZE

D1 PADOVA

West July Last

z{m)
z(m)

0 20 40 60 {0 100 120 140 160 180 200

0
=9
-10
-15

z(m)

0 20 40 o0 80 100 120 140 160 180 200

z(m)

- ipacied

0 20 40 60 80 100 120 140 160 180 200 0 20 40 6l 30 100 120 140 160 180 200
x(m) xX{m)

[ EEEETE— ]
1 10 | 10
&' {(mS/m) a' (uS/m)

Figure A-1. The CCI results obtained for monitoring data collected at the Trecate site. Each data set was processed independently following
the analysis of the misfit between direct and reciprocal readings described in Flores Orozco et al. (2012a). Accordingly, outliers and error
parameters were defined independently for each data set. Imaging results are presented in terms of the real and imaginary component of the CC.
The dashed line represents the position of the groundwater level at each monitoring period. The position of the electrodes is indicated at the
surface by the black points.
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Outline

Monitoring remediation: the Bologna case
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Bologna railway station site: contamination

 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 :
% train station B
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Preliminary excavations Excavation Post-operative
(May 06 - Oct 09) (Oct09-Aug 11) (Jan 13 - Dec 14)

Shallow

Aquifer

PCE (pg/L)
1,1-55
55-11
11-110
110 - 1100

Intermediate
Aquifer

Figure 6. Contour maps representing values of tetrachloroethylene (PCE) concentration in the (a—)
shallow and (d-f) intermediate aquifers at three time instants.

Preliminary excavations Excavation Post-operative
(May 06 - Oct 09) (O0ct 09 - Aug 11) (Jan 13 - Dec 14)

Shallow

Aquifer

TCE (ug/L)
15-75
7,5-15
15 - 150
150 - 1500

Intermediate
Aquifer

Figure 7. Contour maps representing values of trichloroethylene (TCE) concentration in (a—c) shallow
and (d-f) intermediate aquifers at three time instants.
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Lithology
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Ciampi et al. 2016
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Bologna railway station site: remediation

PCE €l Chlorine Atom PCE and TCE can be degr‘aded
Se=e_ 5 Hyrogon:Alom using reductive dechlorination.
TCE ) — ggrl:ct;le Chemical . . .
@ __2 This is mediated by
Cw Y
o | Dehalococcoides bacteria under
‘=: o= Je=e(_ reducing conditions.
" However, at the Bologna site
)
‘ the concentrations are too low
=gl to trigger natural attenuation.
N
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Bologna railway station site: remediation

e The strategy involves injecting

substances that can help activate the
natural attenuation. In particular two

substances are needed:

Colloidal activated carbon
(PLUMESTOP® by REGENESIS) with #
1-2 pym particle size in water suspension,
to help immobilize and concentrate the
PCE for microbial uptake.

Sugar amendment as an electron donor to
reduce Redox conditions and activate

anaerobic conditions.
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Bologna railway station site: remediation

|
=

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

dipole-dipole skip
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Figure 4. (a) Arrangement of electrodes in the soil in the pilot test area and (b) resulting in electrical
resistivity tomography (ERT) profiles.
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Figure 5. 3D resistivity model covering the pilot test area.
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Geophysical monitoring:

Ly

background ERT images show palae-channels that control fluid

migration.

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

injected fluid.

Log10(p)

(Qm)

meters
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Absolute resistivity — line L1
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Variation of resistivity
caused by the
november 2015 injection
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Figure 10. Concentrations of (a) 1,2 dichloroethene (1,2-DCE) and (b) 1,2-dichloropropane detected in
a piezometer installed in the pilot test area.
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(a)
(b)

General conclusions

The use of geophysical measurements for hydrocarbon
contamination studies can reveal:

structural information /pathways

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
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