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Fig. 1. Diagram of the system used to measure 222Rn in water with an RTM 2100 (Sainz et al., 2016).

1. Introduction

The concentrations of 222Rn that can be found in the outside air are
practically negligible, with an annual average of 10 Bq~m’3 (Nero et al.,
1990; WHO, 2001). However, in the inside of buildings and naturally
enclosed spaces such as wells, galleries, or caves, the values can be very
high, such as 50,462 Bq-m_3 in the cave of Castanar de Ibor (Lario et al.,
2006), or quite high, such as the average value of 2500 Bq-m >, as
shown in a study of 220 caves (Cigna, 2005). In general, its location in
the ground coincides directly with the distribution of the parent (*°Ra,
which through the emission of an a-particle in its decay process gener-
ates the nucleus of 2??Rn). This is, however, not always true, since in
addition to molecular diffusion (short displacements through concen-
tration gradients), there are air convective mechanisms (fast and sig-
nificant displacements driven by pressure gradients), and it can also be
carried far from the point of production by water.

Since it is a gas, existing studies mainly focused on determining its
concentration in the air, in places such as underground mines (Youssef
etal., 2019; Veiga et al., 2004), workplaces, and homes (Quindos, 1995;
ICRP 137, 2017), but groundwater is also a very important route for the
accumulation and transport of 22Rn. Values in water can span from less
than 2 Bq-17! in surface water up to 50,000 Bq+1~! in groundwater (CSN,
2001; Haroon et al., 2022; Qasim et al., 2021), which occurs when water
passes over rocks with a high content of 22Ra or circulates through
cracks with high concentrations of 22Rn in the air. Some studies have
shown that high levels of 222Rn dissolved in water are a significant
source in enclosed spaces and lead to non-negligible radiation in the
gastrointestinal tract and throughout the body by means of ingestion
(Galan et al., 2004).

Other research has used 22Rn as a tracer to study water discharge in
groundwater (Avery et al., 2018) and in submarine groundwater (Sel-
vam et al., 2021), but other methodologies are used with water samples
taken at given points in time. In this case, however, 222Rn in water was
continuously monitored.

For this study, an artificial aquifer with stable concentrations of
222Rn was built in the laboratory, with the aim of validating a mathe-
matical model under different recharge/discharge conditions, which
happens in real aquifers such as in Las Caldas of the Besaya thermal spa,
analysed by our research Group (Sainz et al., 2016). The experimenta-
tion in the laboratory is innovative in so far as it has allowed an artificial
aquifer to be recharged with waters of different origin, simulating

recharges with rainwater (®***Rn free) or with groundwater (rich in
222Rn). It was further possible to work with different recharge and
discharge conditions (different volumes, flows, 222pn concentrations
and recharge and discharge times) (Celaya, 2018).

The main aim of this research is to validate a mathematical model
that allows ?>?Rn to be used as a tracer to determine the origin and
volume of the water that reaches natural aquifers.

2. Materials and methods
2.1. Instrumentation

2.1.1. HPGe coaxial detector

The HPGe coaxial detector (model GL-2015-7500, Canberra, USA)
allows the detection of gamma emissions between 30 and 3000 keV.
222Rn concentration (Celaya et al., 2018b) was determined by the counts
taken in the spectrum that correspond to 2'*Pb (351.932 keV; Labo-
ratoire National Henri Becquerel, 2018) with an efficiency of 1.29% and
FWHM (Full Width Half Maximum) of 0.66%.

2.1.2. Triathler with alpha/beta separator (LSC)

We used a Triathler (model 425-034) with an integrated alpha/beta
separator (Hidex, Finland) as the liquid scintillation counter (LSC). This
instrument differentiates the longer pulse duration of alpha particles (~
100 ns) from the shorter pulse duration generated by beta particles (<30
ns) (Wisser et al., 2006).

This technique allows detecting generated alpha emissions in the
disintegration of 226Ra, 22?Rn, and its short-lived descendants (>'®Po and
214po) through a photomultiplier tube. The liquid scintillator (Aqua-
light, Hidex) is a hydrocarbon with two aromatic rings called diisopro-
pylnaphthalene, used in the so-called direct or one-phase method to
measure 22?Rn in water (Celaya et al., 2018b).

The efficiency obtained was 262% when the sample contained 222Rn
(218P0 and 21*Po will also be generated) without the presence of 226Ra,
and 349% when the sample contained 226Ra (222Rn, 218pg and 21*po will
also be generated). Calibration was performed using a certified source of
222Ra and dilutions with various known concentrations (12, 20, 32, 100,
296, 843 and 2943 Bq-l’l) (Celaya et al., 2018b).

The good results obtained with this instrument in national (Celaya
et al., 2018a) and international intercomparison exercises for radon in
water, such as REM 2018 (Joint Research Centre) or Proftest SYKE 2015
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Fig. 2. Image of the lid used to cover the artificial aquifer.

(Finnish Environment Institute) confirm the correct calibration of this
device.

2.1.3. RTM 2100

RTM 2100 (Sarad, Germany) is a device used for the continuous
measurement of 22Rn and 2?°Rn concentration in air, as well as tem-
perature, relative humidity, and atmospheric pressure. A pump inside
drives air from the outside towards the 250 mm® measuring chamber,
where a silicon detector is located, having previously passed through
two filters that retain all descendants of 22?Rn and 2?°Rn. The sensitivity
of this equipment is 1.65 counts/(min-kBq-m~>) according to the cali-
bration certificate provided by Bundesamt Fiir Strahlenschutz (BFS).

Since this is a device that continuously measures 2>2Rn in air, a
system must be attached that allows continuous measurement in water.
This system is based on the transfer of 22Rn contained in water to the air
that circulates through silicone tubes inside a container (Fig. 1). For this
reason, it is necessary to calculate a transfer factor (ty) to convert the
measurement taken by the RTM 2100 of radon in air (Bq-m’g) to radon
in water (Bq-l_l).

Fig. 1 shows two circuits. The water circuit is gray (B, E and F) while
the air circuit is white (A, Cy D). An internal pump starts the circuit; the
air outlet is marked on the device with the designation “OUT” (A). The
circuit continues with silicone tubes (B), which are impermeable to
water but permeable to radon. This component is submerged and placed
inside the container filled with the water to be measured. Next, there is a
compensation bottle and a Peltier dryer (C), which prevent water vapour
from entering the detector before the air returns to the equipment at the
entrance marked “IN” (D). The other part of the system, i.e., the water
circuit, begins with an external pump submerged in the aquifer (E). Its
function is to continuously send water to the container (F) where the
silicone tubes (B) are placed, and finally, the water returns to the aquifer
container.

2.2. Artificial aquifer description

2.2.1. Aquifer container

To reproduce the recharge and discharge processes experienced by
natural aquifers, an artificial aquifer was built on a laboratory scale. The
first step was choosing the 100 1 container.

A tap was incorporated into the structure to make the sampling
accessible and acrylic putty was used to seal the lid and to serve as an
insulator preventing water and 22Rn from leaking.

From the top of the container lid (Fig. 2), the different tubes and
perforations made for adaptation can be seen, as described below.
Firstly, we can see the blue plug (G) with the hole where the aquifer
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Fig. 3. Artificial generation of radon in water.

recharges. Next, the hose returning from the water circuit (H) and the
outlet hose of the artificial aquifer identified by the transparent tube (I)
can be seen. Finally, in the upper middle part is the electrical connection
cable of the pump (J) which drives the water through the water circuit.

2.2.2. 222Rn source of the artificial aquifer

Creating the 2?2Rn source of the artificial aquifer relied on the
expertise of our research group to construct a*2’Rn enriched water
container with a source of 22°Ra (Fig. 3; Celaya et al., 2018b). Fig. 3
shows the distribution of the silicone tubes inside the methacrylate
container used in the construction of the artificial aquifer. The aim is to
distribute the silicone tubes throughout the container to ensure that
222Rn is distributed homogeneously, thanks to a small pump that gen-
erates a current to mix the water.

The 22?Rn source was a methacrylate box containing uranium mine
soil with ?°Ra (745 + 20 kBqekg™' measured with a HPGe coaxial
detector gamma spectrometer with Laboratory accreditation ISO 17025)
that provided enough 222Rn to achieve a concentration in water of 578
+ 28 Bq-171. This box was connected by plastic tubes to a pump that
applied a flow of 0.03 1 min~! of air, distributing the 2??Rn along the
silicone tubes and then to the water.

Using the process described for the distribution of 222Rn in the
methacrylate container, 945 cm of silicone tubes were placed inside the
artificial aquifer container attached to the radon source formed by 271 g
of soil used in the previous experiment. The system that generates 22?Rn
in the artificial aquifer is formed by a methacrylate box 8 x 16 x 5.5 cm
(length x width x height) and 2 tubes. There is one inlet tube on the right
side with air, which is driven by the pump, and another outlet tube on
the left, which is joined to the silicone tubes inside the aquifer. The
pump supplies an airflow of 0.03 1 min~!, which is sufficient to carry the
air with 222Rn generated in the box and to return it after passing through
the silicone tubes inside the aquifer.

2.2.3. 222Rn source to generate the radon-rich recharge water

The system was developed to generate groundwater rich in ?2?Rn,
which is used to recharge the artificial aquifer. A cooling box was loaded
with water from a public supply, inside a glass bowl containing soil rich
in 22°Ra (745 + 20 kBqekg™!) was placed and sealed with an elastic
silicone lid in order to diffuse 2?’Rn easily into the water.
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Fig. 4. Complete structure of the artificial aquifer.

2.3. Sample collection

Water sampling in the artificial aquifer was carried out through the
tap, with each sample collected in 100 ml beakers. The process consisted
of putting the tap next to the beaker and taking 29 samples with a small
flow of water. The aim was to avoid bubbles and splashes that could
cause leaks of the content with 2?2Rn and to measure them in the LSC in
order to calculate the transfer factor (ty).

2.4. Starting the artificial aquifer

Fig. 4 shows the complete structure of the artificial aquifer with all
the described components. On the left, the aquifer container (K) can be
seen. It is connected to the 22?Rn source (L) and to the RTM 2100 (N)
measurement tool for 22?Rn in water (M).

To start it, the upper part was filled with approximately 100 1 of
water using a hose connected to a public water supply. After this initial
charge, the RTM began the measuring process in the artificial aquifer,
and 42 days later, the value of 222Rn in the aquifer water reached
equilibrium and the RTM measurements showed values of around
2.5.10° Bgm .

2.4.1. Transfer factor calculation

This factor is necessary to convert the values of radon in air (Bq~m*3)
of the RTM 2100 to the values of radon in water (Bq-l’l). To calculate
this factor, 29 water samples were taken and measured with the LSC
(Triathler), while the measurements provided by the RTM were being
recorded in the meantime. The relationship between the RTM readings
and the LSC () was obtained after applying a linear adjustment of type
y = a*x.

The t factor, which is the slope obtained from this linear adjustment,
allows the RTM 2100 readings expressed in Bg-m > to be converted into
Bq-17! via Eq. (1).

Cra(LSC) =17 - Cry(RTM)=>1; = (1.98 i0.01).10*‘*3";rl (€]

" " Bg-m™3

2.5. Mathematical models

The mathematical models used in this study can explain the variation
experienced by the concentration of 2?2Rn in the aquifer during the
recharge and discharge processes that take place continuously. There are
two models that are applied in the possible states of the aquifer (Sainz
et al., 2016).

2.5.1. Closed Compartment Model (CCM)
This model attempts to explain the variation in the concentration of
222Rn over time when the aquifer has no external water supply, i.e.,

when it maintains a constant volume. The differential equation that

explains this situation is Eq. (2) (Kowalczk et al., 2010; Sainz et al.,

2016):

dc

T _p—-1C 2

a7 2)
Solving this differential equation allows the dynamics of the 222pn

concentration in water in a CCM to be determined.

) =Cre + % (1) 3)

To understand the terms of Eq. (3), it is necessary to look at Egs. (4)
and (5):

E-S
= 4
== “@
/‘L = /1Rn + /1‘, (5)
where:

i) C(t) is the 222Rn concentration in water over time (Bq-l’l).
ii) Cp is the initial 222Rn concentration in water (Bq-l’l).
iii) 4 is the constant that adds the Ag, and the 4, (h™1).
iv) Agn is the 222pn decay constant, 7.55.10 3 h~! (Arn=1n(2)/T1 2,
(Laboratoire National Henri Becquerel, 2018).
v) Ay is the constant that reflects 222Rn loss at the water-air interface
per unit time (™H.
vi) tis time (h).
vii) ¢ is the radon emission rate for the aquifer source (Bq-l’1~h’1).
viii) E is the 2*?Rn exhalation for the aquifer source (Bq-h’l'm’z).
ix) S is the exhalation surface of the aquifer source (m?).
x) V is the volume of water (1).

2.5.2. Open Compartment Model (OCM)

The need to model aquifers that have external water contributions
with different 2?2Rn concentrations leads to adapting the previous
model (CCM) to the Open Compartment Model (OCM). This new model
assumes the previous terms, except for the addition of a new exchange
term. The differential equation that expresses this mathematical model
is (Kowalczk et al., 2010; Sainz et al., 2016):
€y c—i(c-C) ©
dt

Solving this differential equation allows the dynamics of the 222Rn
concentration in water in an OCM to be determined.

C(t)=Co-e " + ; (1—e?) )
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Table 1

Specifications of the 11 simulations performed in the artificial aquifer.
Simulation Recharge Discharge Specifications

Cr trR Vr Qr tp Vp Qp

1 Initial charge and 222Rn growth of the artificial aquifer
2 <Lp 10 14.4 86.4 5 14.4 172.8 QrAQ Vasest
3 <Lp 25 31.3 75.1 10 31.3 187.8 Qr#Qp Va#cst
4 <Lp 60 50.0 50.0 15 50.0 200.0 Qr#Qp Vatest
5 2109 + 88 10 16.6 99.6 5 16.6 199.2 Qr#Qp Va#cst
6 1805 + 76 10 16.6 99.6 5 16.6 199.2 Qr#Qp Va#cst
7 2191 £91 45 44.0 58.7 15 44.0 176.0 Qr#Qp Va#cst
8 <Lp 300 24.0 4.8 10 24.0 144.0 Qr#Qp Vacst
9 3340 + 136 300 24.0 4.8 10 24.0 144.0 Qr#Qp Va#cst
10 <Lp 425 24.0 3.4 425 24.0 3.4 Qr=Qp Va = cst
11 3313 £ 135 400 24.0 3.6 400 24.0 3.6 Qr =Qp Va = cst

Cg, 2??Rn concentration in recharge water (Bq-l’l); tr, time of recharge (min); Vg, volume of recharge (1); Qg, flow of de recharge 1-h™Y); tp, time of discharge (min);
Vp, volume of discharge (1); Qp, flow of discharge Q-h™b; V4, volume of the artificial aquifer (I); cst, constant; Lp, detection limit of LSC is 2 Bq-l’l.
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Fig. 5. General graph of 22?Rn concentration in the artificial aquifer with the 11 performed simulations.

To understand the terms of Eq. (7), it is necessary to look at Egs. (8)—
(10):

d=¢+4-C" (8)
A=A+ 9
Ve
= 10
T (10)
where:

i) A* is a term that results from adding the A calculated in the CCM
and the J; of the volume exchange (h™1).

ii) dis a term that adds the radon emission rate of the aquifer source
and the radon concentration in recharge water multiplied by 4;
(Bgl th™h.

iii) A;is the constant that reflects the exchange of volume of water per
unit time (h™).

iv) C* is the 2?Rn concentration of the recharge water (Bq-l’l).

v) Vg is the volume of water used in the recharge (1).

vi) Vj is the volume of the aquifer (1).

The aim of this mathematical model is to determine the concentra-
tion of 222Rn in the recharge water of the aquifer, which is determined
by C*.

2.6. Simulations of recharge and discharge episodes in the artificial
aquifer

Every simulation performed in this study has two parts: a recharge
episode together with a discharge episode in order not to exceed the
total volume of the artificial aquifer, around 100 1. Water discharges in
this research simulate those of any aquifer to a river, sea or other nearby
aquifer. The water discharged in the simulations was taken from the
aquifer container tap and its volume was then measured. Likewise, the
volumes of water used in the recharge episodes were measured both in
the simulations with rainwater, in which water from the public supply
(free of 222Rn) was used, and in the simulations with groundwater in
which enriched water sourced from the cooling box was used. Table 1
shows the 11 simulations carried out, and their specifications.
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Fig. 6. Simulation 2: Decrease after the recharge with water from a public supply.
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Fig. 5 shows the general graph with the 11 discharge and recharge
simulations carried out during the 15 months that the artificial aquifer
was being studied. The line represents the 22Rn concentration in Bqel™?
measured by RTM 2100 after applying the t; calculated from Eq. (1).

3. Results

Fig. 6 shows simulation 2, where the adjustment with OCM is made
after the recharge with water from a public supply. It was observed that
the concentration of 222Rn in the water decreases for 7-8 h and begins to
increase again until reaching equilibrium after 250-300 h. This increase
can be seen in Fig. 7, where it begins to reach equilibrium at 250 h,
applying the adjustment with CCM to the represented data. These

adjustments (OCM and CCM) made to simulation 2 have been applied to
the 11 episodes, and the results of the adjustments are presented in
Table 2.

Table 2 shows all the parameters of interest affected by applying the
CCM and OCM mathematical models to the 11 recharge and discharge
simulations performed in the artificial aquifer. Table 3, meanwhile,
shows 4; (Eq. (9)), v (Eq. (5)), 222Rn concentration measured with LSC
(Cgr) and 222Rn concentration estimated with the model for the recharge
water (C*).

As can be seen in the results of Table 3, simulations 2, 3 and 4, with
water from a public supply and simulating the recharge of the aquifer
with rainwater (**°Rn free), returned 2*’Rn concentrations in the
recharge water (C*) higher than the real concentrations (Cg) measured



S. Celaya et al.

Groundwater for Sustainable Development 17 (2022) 100753

Table 2

Results of the CCM and OCM models applied in the 11 simulations.
Simulation CCM OCM

Co 9 2+(107%) R? C, d 2* R?

1 <Lp 52+0.1 110 +1 0.978
2 416 + 22 6.0 + 0.2 120 + 3 0.961 478 + 24 445 + 3 1.071 £+ 0.015 0.94
3 347 £ 19 6.3+0.1 130 £1 0.988 490 + 25 420 + 8 1.174 £+ 0.016 0.87
4 253 £ 15 7.4 +0.1 170 £ 2 0.965 470 + 24 294 +13 1.104 £+ 0.015 0.86
5 696 + 33 9.7 £0.1 240 £ 2 0.996 431 + 22 883 +9 1.278 + 0.018 0.96
6 677 + 32 10.0 +£ 0.2 220 + 4 0.954 468 + 24 855+ 5 1.276 £+ 0.018 0.98
7 815 + 37 10.8 £ 0.1 250 + 2 0.997 415 + 22 926 + 17 1.153 £+ 0.016 0.94
8 219 +£13 7.0 £ 0.5 230 £ 20 0.975 279 £ 16 14 +1 0.090 + 0.002 0.96
9 689 + 32 9.0 £ 0.1 300 + 2 0.997 278 + 16 136 £ 6 0.097 + 0.001 0.96
10 230 + 14 5.1+0.4 170 £ 15 0.991 287 £ 16 8+1 0.064 + 0.002 0.99
11 621 + 30 6.0 £ 0.3 230 £ 8 0.933 304 £ 17 107 + 6 0.073 £ 0.001 0.96

C,, initial concentration of 22?Rn (Bq~l’1); @, radon emission rate in CCM model (Bq-l’l'h’l); 1, constant that reflects the 22?Rn loss in CCM model (h™1); R?, R-square;
d, radon emission rate in OCM model (Bq-l’l-h’l); 2%, constant that reflects the 22?Rn loss in OCM model (h™1); Ly, detection limit of LSC is 2 Bq-l’l.

Table 3

Simulation results after adjusting the CCM models y OCM.
Simulation Jye(107%) Ir c* Cr
1 Initial recharge
2 40 +3.3 1.059 £+ 0.015 415 +18 <Lp
3 50 £+ 1.0 1.161 + 0.016 356 + 17 <Lp
4 96 + 2.4 1.087 £+ 0.015 264 £ 17 <Lp
5 160 +£1.7 1.254 4+ 0.018 696 + 31 2109 + 88
6 140 + 4.2 1.254 + 0.018 673 + 30 1805 + 76
7 170 £1.9 1.128 + 0.016 812 + 38 2191 £ 91
8 150 + 20.0 0.066 + 0.001 106 + 17 <Lp
9 220 + 2.3 0.066 + 0.001 1924 + 124 3340 £ 136
10 90 + 15.0 0.047 + 0.001 62 + 23 <Lp
11 150 + 8.0 0.050 + 0.001 2020 + 149 3313 £135

A, is the constant that reflects 2*?Rn loss in water-air interface per unit time
(h™1); 4, is the constant that reflects the exchange of volume of water per unit of
time (h™1); C*, 22?Rn concentration in recharge water using models (Bq-l’l); Cg,
222Rn concentration in recharge water using LSC (Bq‘l’l); Lp, detection limit of
LSC is 2 Bqel L.

with LSC. These results indicate that, although the model fits very well
(the values of R? are very close to unity), it does not allow C* to be
correctly determined in the conditions of trials 2, 3 and 4.

Simulations 5, 6 and 7 were carried out with water rich in 2*?Rn
(which simulate the recharge of the aquifer with groundwater) and
returned a higher value of C* than the aquifer water, indicating that the
recharge was carried out with deep waters rich in 22Rn. However, the
C* values obtained in these three cases (696 + 31; 673 + 30; 812 + 38
Bq1™!) are lower than Cg (2109 =+ 88; 1805 =+ 76; 2191 + 91 Bq-171).

The value of C* (106 + 17 Bq-l’l) obtained with the model for the
conditions of simulation 8 gives a better value than those obtained with
the previous simulations, although it is still far from Cg.

The value of C* (1924 + 124 Bq-l’l) obtained in simulation 9 is
much higher than the concentration of the aquifer, clearly indicating
that the recharge has occurred with groundwater, which is rich in 2?2Rn.
However, this value of C* is far from Cg (3340 + 136 Bq~l’1).

Simulation 10 has provided a much better value of C* (62 + 23
Bq:1™}) than the previous cases and is quite close to the value for public
water (<2 Bq-l’l).

The result of C* (2020 + 149 Bq~l’1) in case 11, simulating a
recharge with 222Rn rich groundwater at constant volume of the aquifer,
is still far from the real value (Cgr) used during the recharge (3313 4+ 135
Bql™!). Nevertheless, it improves on the results of the previous
simulations.

4. Discussion

A series of 11 recharge/discharge episodes in an artificial aquifer
with 222Rn in water have been simulated in the laboratory, reproducing
natural processes such as recharge episodes with rainwater (where the
222Rn concentration in water is lower than 2 Bqe1"1) or with water from
other aquifers (where the 222Rn concentrations are high). In these sim-
ulations, volumes and times (and therefore flows) have been modified
both in the recharge and discharge processes in order to analyse the
behaviour of the Closed Compartment Model (CCM) and the Open
Compartment Model (OCM).

After applying the mathematical model to the 11 episodes which
were studied, we consider that for the OCM adjustment processes, 7-8 h
of data after finishing the recharge process is sufficient to obtain good
results. When CCM adjustments are made, more data is needed to reach
equilibrium; in this study, between 250 and 300 h were needed.

The adjustments made to the experimental values, which were ob-
tained in the simulated aquifer regarding the CCM and the OCM show
very good R-squared values and are close to the unit.

The results of the model for the 22Rn concentration in the recharge
water (C*) in the various recharge/discharge simulations, which were
carried out in the artificial aquifer, provide different values from those
expected. This situation happens when the volume of the artificial
aquifer does not remain constant (simulations 2 to 9); i.e., when the
recharge/discharge episodes are not simultaneous and have different
flows. Despite these values, the results allow us to determine the origin
of the water used in the recharge episodes, indicating whether water
with a higher or lower 2?2Rn concentration is present in the aquifer that
has been used.

In the same way, the results obtained (in simulations 10 and 11) by
the model in the artificial aquifer when the recharge/discharge episodes
are carried out simultaneously and progressively (constant volume,
which is a similar situation to the real case of Las Caldas Spa (Sainz et al.,
2016)), are reasonably adjusted to the expected values.

5. Conclusions

The results of this study, together with previous ones (Sainz et al.,
2016), indicate that this mathematical model (CCM and OCM) can be
used when the volume of the aquifer is constant (when the recharge flow
is similar to the discharge flow). The validation of the model carried out
in this study with continuous measurements of 222Rn in water will allow
the concentration of 22Rn in water to be used as a tracer to determine
the origin and volume of water that feeds real aquifers such as thermal
spas (facilities, where the water volumes are kept constant).

A future mathematical study will be necessary to adapt this model to
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variable volumes of water in order to use it in all types of aquifers, but
for now, this model at least permits to identify the origin of the water
that reaches any type of aquifer.

In any case, the continuous monitoring of 2?Rn in water used in this
study with an RTM 2100 with a specific continuous measurement system
allows us to identify any change in the aquifer conditions in real time, if
necessary.
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