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groundwater is placed.
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CALCULATION

Equation 1 correlates soil radon activity concentration (C,) with NAPL fraction of total
fluid saturation (X, ) In the pore space:

C.=€ h Pa/ N (1 =S+ Kyse Sk (1-Xyap) + Kuapuss XnapL Se)
Eq. (1)

where
C.. : Radon concentration in the soil pore space (Bg/m?3)
€ . Emanation coefficient

 2Ra activity concentration of the mineral matrix (Ba/kg)
b Bulk density of the mineral matrix (kg/m3)
n . Porosity of the mineral matrix
Sg: Total fluid saturation of the pore space o sl
XnapL - NAPL fraction of SF \*E“r
Kwssc : Radon partition coefficient between water and soil gas, quantified by Weigel (1978%chubert (2015) ’”’:’sﬁgg

K : Radon partition coefficient between NAPL and soil gas
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De Simone et al. (2017) developed a new calculation, Eqg. (2), to
quantify the residual fraction of NAPL (NAPL)) in the subsaoill
(unsaturated part of the aquifer)

~J + VvV J>—4CH Eq. (2)
2H

NAPLp; =

where
J, C, H: site-specific polynomials whose explanation is provided in
the De Simone et al., 2017.
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Central Italy (RM) - Site 1
0.5 m of backfills

2.5 m of medium grained sands D

~ 3'm of medium-fine grained Q?
sands Permanent
sensors of

The water table fluctuates in the

temperature and
range 0.5-2.5 m below the ground

humidity at 30
and 80 cm depth

31 stations at 80 cm depth, to measure the
concentrations of 222Rn and CO,

This is an area of deep CO, degassing Tuccimei et al., 2014
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Kharagpur,
West Bengal (Indla)
Site 2a and 2b e

Indian
Institute of
Technology

(1IT)

Two working
petrol
stations
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Depth (m)
=

Simplified
lithological map
of Kharagpur area

1 Soil + murrum (lateritic bauxite)
2 Coarse + medium sand
3 Coarse + medium to fine sands
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Radon map in site 1 /
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Model A Model B

-Model C Model D

Model A: the NAPL is distributed as
Isolated droplets in the pores.

Model B: the NAPL droplets are trapped
In the pore throats.

Model C: the NAPL forms a continuous
phase through several pores.

Model D: the NAPL is coating the grains
(it prevents from transmitting the charge
to the soil matrix, resulting in a low or

Johansson et al., 2015
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1 Radon-deficit technigue shows the location of residual NAPLs in the soll

J An evaluation of the fraction of residual NAPL in the soil can be obtained
using equation 2

] Better results are obtained in winter or at middle latitude locations (such
as central Italy) compared with low-latitude sites (such as West Bengal,
India) with tropical climate, because both soil radon and volatile organic
compounds (such as NAPLs) are more easily released at high
temperature, reducing the sensitivity of the radon-deficit technique.

O A direct correlation between radon deficit at shallow depth and highest
electrical resistivity at greater depth could be used as proxy for the
presence of the contaminant in the aquifer.
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d A progressive reduction of radon deficit over time (corrected for
seasonal-induced variations), coupled to a reduction of electrical
resistivity and a change of correlation with chargeability, could be
used to evaluate the progress of remedial actions such as soil
venting or dual-phase extraction. Further research is needed to
explore this.
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