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Improvement of an automatic device for soil radon measurements

A. Chavez, N. Segovia, J. M. Garcia, and V. H. Magadan
ININ Ap. Postal 18-1027, 11801 Mexico D.F., Mexico

Abstract. The portable radon detection system AlfaININ BATTERY PHOTOVOLTAIC CELL
was designed to be used in adverse environmental conditions Dl
where humidity and high temperature are present in the soil

(Chavez et al., 1999). Until now the device has been oper- p——

ating only for alpha decay. In the present time, temperature A CLOCK

and humidity sensors were incorporated to the detection sys- EOG&G ORTEC |

tem. The performance of the device permits to obtain real REAL TIME MEMORY
time measurements of the three parameters and will store MICROPROCESSOR || (RAM)
them each hour during 41 days. To prove the response of TEMPERATURE &- |

the whole sensors, its performance in the laboratory and in HUMIDITY SENSOR RS-232

the soil of a coniferous forest at 3000 m altitude is discussed. ‘NTERIFACE

LAPTOP
SOFTWARE

1 Introduction

The automatic device, AlfalNIN, was constructed to accom- Fig- 1. Block diagram of AlfalNIN.
plish radon detection in adverse environmental conditions,

for example, those which exist in geothermal fields and areas

near active volcanoes, where vapour emission and temper&iP technology, with a calibrated digital output. Conven-
tures above normal are found. In order to study in real timelional sensors determine relative air humidity using capac-
the behaviour of radon as a function of temperature and huitive measurement technology, in the present case, the sen-

midity of the neighbouring zone, a sensitive sensor has beefi®" €lément is built from a film capacitor on different sub-
incorporated to the original device strates (glass, ceramic, etc.). The dielectric is a polymer that

absorbs or releases water proportionally to the relative hu-
midity, changing the capacitance of the capacitor, which is
2 Experimental measured by an onboard electronic circuit, The temperature
is measured using the thermo-electric properties of the ma-

A block diagram of the improved AlfalNIN is shown in terials that constitute the electronic microchip. Both signals

Fig. 1. It consists of an EGG&G Ortec DIAD |l thatincludes '€ coupled to an amplifier, analog-to-digital (A/D) converter

ana-detector, a preamplifier, an amplifier and a single chan-2nd serial-interface circuit on the same chip.

nel analyser (SCA); the temperature and humidity sensor; a The electronics are contained in an inox pipe 48 cm long,

real-time microprocessor and clock; a RAM memory and fi- 6-7 ¢m diameter with a total weight of 3.5 kg. The power sup-

nally an interface RS-232. The AlfaININ microprocessor hasPlY is @ 12V battery connected to a photovoltaic cell, which

an integration time from 15 minutes to one day during 41 Provides permanent working autonomy to AlfalNIN.

days. The detection parameters are the 450hsurface barrier
The humidity and temperature sensors use a complemer{ieteCtor with advanced hybrid electronic incorporated, the

tary metal-oxide semiconductor (CMOS) “micro-machined” Minimum a-energy detection is 1 MeV established with an
adjusted discriminator. A Laptop computer displays a menu

Correspondence toA. Chavez (acbh@nuclear.inin.mx) for choosing the time integration period, initiating the count-
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3 Results and discussion 0 ' ‘ "8
AlfaININ was programmed to integrate the data during one RELATIVE HUMIDITY
hour. Two operation tests of the improved AlfaININ were % % - 45
performed. In the first, AlfaININ was putin a laboratory dur- 50 +
ing 96 h, measuring the environmental variations of the spe- 40
cific concentration of environmental radon, temperature and 1 40
relative humidity. The results are shown in Fig. 2. Radon 30 .
variations indicate minimum concentration values at noon Hours
and maxima around midnight. It is observed that when tem- 20 ; ; ; - 35
perature increases, relative humidity decreases. The seconc 0 24 48 72 96
test was accomplished comparing the results between Al- Indoor Underground

faININ and AlphaGuard. AlphaGuard was installed at the

laboratory and AlfaININ was put 100cm under land sur- Fig. 3. Radon, temperature and relative humidity measurements.
face on a nearby external area. The AlphaGuard equipmenhdoors (right axis) with Alphaguard and underground (left axis)
measured environmental radon, temperature and relative husing AlfalNIN.
midity and AlphalNIN measured the same parameters under-
ground. In Fig. 3 the behaviour of environmental and under-
ground radon in presented showing a similar pattern excepReferences
for shorter underground radon periods of variation. The tem-_ | i _
peratures have also the same pattern in the air and the land bf2VeZ A, Balazar, M., Pa-Villalpando, G., and Navarrete, M..

- . - Radon detection system, design, test and performance Nucl. In-
with a small decalage. On the contrary, the relative humidity

. . . . strum. Meth. Phys. Res., A422, 809-811, 1999.

shows a dramatic contrast: while the environmental humidity
varies strongly, the underground humidity is constant.

4 Conclusions

The tests accomplished with the improved AlfalNIN, permit-
ted to obtain temperature and the humidity data in addition to
radon. The knowledge of the whole set of parameters in real
time permits to interrelate them. AlfaININ has the versatil-
ity to be programmed for integration time and storage of the
information. In this way it is possible to improve the models
of the influence of humidity and temperature on radon ema-
nation.



