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RESUMEN

El monitoreo de radon en Palampur y Dalhousie, en los valles de Kangray Chamba, utiliza la emanometria por medicién
discretade radon desde 1992, dentro del programade Sismicidad del Himalayadel gobierno delalndia. Se observaunacorrelacion
en ambas regiones investigadas con €l nimero de microtemblores registrados por €l Departamento de Meteorologiadelalndiaen
€l periodo 1992-1997. Se estudi6 el efecto de parametros meteorol gicos (temperatura, precipitacion, humedad y velocidad del
viento) sobre el nivel deraddn. Enlaestacion de Palampur se presentacorrelacion positivadelos nivelesderaddn con latemperatura,
la precipitacion y la humedad, y negativa con lavelocidad del viento.

PALABRAS CLAVE: Radén, anomalias, emanometria, a pha-logger, microsismos, precursores.

ABSTRACT

Radon monitoring was carried out at Palampur and Dal housi e stationsin Kangra and Chambavalleys using emanometry for
discrete measurements of time-series radon data since 1992 under Himalayan Seismicity programme of Government of India. The
correlation of radon data with micro-earthquakes recorded by Indian Meteorological Department (IMD) network during the time
window 1992-1997 showsarising trend both in microsei smicity aswell asradon in Kangraand Chambavalleys of N-W Himalayan
region under investigation.

The effect of meteorological parameters (temperature, rainfall, humidity and wind vel ocity) on radon emanation was studied.
The correlation co-efficients of radon data and the meteorological parameters recorded at Palampur suggest that temperature,

rainfall and humidity have positive correlation, whereas wind velocity has negative correlation with radon.

KEYWORDS: Radon, anomalies, emanometry, alpha-logger, microseismicity, precursor.

INTRODUCTION

Geochemical and hydrological anomalies preceding
significant earthquakes have been reported since the 1960s
and played a prominent role in the successful prediction of
the Hai cheng earthquakein China. Such observations are part
of monitoring programs in China, Japan, Uzbekistan
(Tashkent), Mexico, Italy, India and Germany (Liu et al.,
1984/85; Ulomov and Mavashev, 1971; Segoviaet al., 1989,
95; Heinickeet al., 1992,95). However, studies of these pre-
seismic phenomena have been controversia for several
reasons (Silver and Wakita, 1996; Wakita, 1996).
Hydrogeochemical phenomenaand radon are strainindicators
but the physical mechanism and their relationship with the
strain are not yet well understood. During the last decade
some useful data on correlation of radon anomalies with
seismic events which occurred in N-W Himalaya have been
reported (Virk, 1986, 90, 95; Ramola et al., 1990; Singh et
al., 1988, 92; Virk and Singh, 1992, 93, 94; Virk et al., 1995,
97; Virk and Sharma, 1997) .

Our present investigations are based on radon
monitoring in soil-gasand spring watersinthe N-W Himalaya
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at stations Palampur and Dalhousie in Himachal Pradesh
(Figure 1). The radon datais recorded in both media using
instantaneous (discrete) measurements from June 1996 to
September 1997. Meteorological parametersinfluenceradon
emanation in the soil-gas; hence correlation co-efficientsare
worked out for radon emanation with various meteorological
parameters at Palampur, the central station in our radon
project under the Coordinated Himalayan Seismicity
Programme of Department of Science and Technol ogy, Gowvt.
of India.

EXPERIMENTAL TECHNIQUE

An emanometer (Model RM S-10) manufactured by the
Atomic Minerals Division, Department of Atomic Energy,
Hyderabad is used to measure the apha emanation rate in
the gasfraction of asoil or water sample by pumping the gas
into ascintillation chamber using aclosed - circuit technique
(Ghosh and Bhalla, 1966). Thistechniquegives instant values
of radon concentration and ishighly suitablefor quick radon
surveying.

Auger holes, each 60 cm in depth and 6 cmin diameter,
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Fig. 1. Map showing radon monitoring sites along with IMD network in N-W Himalaya.
areleft covered for 24 hours so that soil-gasradon and thoron minutes. Theaphacountsare recorded after four hoursduring
become stable. The auger hole forms an air-tight which the equilibrium between radon and its daughters is
compartment. A rubber pump, soil-gas probe and apha established.
detector are connected in a closed circuit. The soil-gas is
circulated through a ZnS coated chamber (110 ml ) for a RESULTSAND DISCUSSION
period of 15 minutes allowing the radon to form a uniform
mixture with air. The detector is then isolated by clamping Diurnal radon concentrations in soil-gas and
both ends and observationsare recorded after four hourswhen groundwater (natural springs) have been monitored regularly
equilibrium is established between radon and its daughter at Palampur and Dalhousie stations since 1992 using radon
elements. Alphaparticles emitted by radon and its daughters emanometry. The radon data trend and its analysis for the
are recorded by a scintillation assembly consisting of a period February 1992 to July 1995 wasreported by Virk and
photomultiplier tube and a scalar-counter unit. Sharma(1997). Therearelarge scalefluctuationsin the entire
time-series radon data but the general trend is similar to the
Radon monitoring in water is aso carried out by using previous years. Radon emanation in soil-gas is enhanced
the closed-circuit technique. Groundwater samples are during the summer months and is suppressed during winter
collected daily from a ‘bauli’ (natura spring) in a sample at both stations. However, this trend is not observed in
bottle (250 ml). The air is circulated in the closed-circuit groundwater. Obviously, temperature fluctuations do not
containing a hand-operated rubber pump, a water sample affect radon emanation in water to the same extent asin soil-
bottle, adrying chamber and a ZnS(Ag) detector cell for 10 gas. Both Palampur and Dalhousie stations are located in the
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vicinity of MBT and MCT, the two mgjor thrust faultsin the
Himalayan orogeny. The high micro-seismicity inthe Kangra
and Chamba valleys of Himachal Pradesh in the N-W
Himalaya appears to be due to these major thrust faults.

The micro-seismicity trend during the period of
observation under reference is observed to agree with a
genera trend during the period 1992-1995 (Annual Reports
on Seismic Activity around Pong, Pandoh, Bhakraand Salal
Dams, 1992-97; Govt. of India, India Meteorological
Department, New Delhi). The micro-seismicity is confined
to areasin and around the major thrust faults represented by
MCT and MBT (Figure 1). In general, the micro-seismicity
is showing a rising trend as evidenced from the study of
microseismic data and its correlation with the radon data
monitored in Kangra and Chamba valleys (Figure 2). The
total number of events recorded by IMD network during
1996 and 1997 inthegrid (30-34°N, 74-78°E) is83 and 85,

Correlation of radon anomalies with microseismicity

respectively, with almost a three fold increase in the
microseismic events (27) recorded during 1992. A similar
trend is also observed in radon emanation during the time
window 1992-1997; the average radon emanation of the
emanometry network per year risesfrom 9000Bg/m?to 22022
Bag/m®. Hence, the Kangra and Chamba valleys in N-W
Himalaya are experiencing a build-up of strain along the
major thrust faults during recent years. It is important to
monitor radon, helium and other geochemical precursorsin
the region over a wider network to investigate further the
micro-seismicity trends in N-W Himalaya. Tawani et al.
(1980) also reported a correlation of radon anomalies with
microseismicity at Lake Jocassee, South Carolina, USA.

Meteorological parameters like temperature, pressure,
wind velocity, rainfall and humidity also affect the radon
emanation rate from the soil-gas to some extent (Fig. 3aand
b). However, their effect is observed to be negligible in
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Fig. 2. Microseismic trend in the grid (30-34°N, 74-78°E) during 1992-1997 based on Radon and IMD network data.
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Fig. 3a. Radon data plotted against soil temperature, relative humidity, and rain fall during June 1996 to Sept. 1997 at Palampur.

groundwater. The average values of radon emanometry
techniquesfor soil-gas at Palampur are reported to be 18750
Bag/m® with a standard deviation (std) of 10311 Bg/m?®and a
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percentage variation coefficient (std/avg) of 55%. Correlation
coefficients of radon emanation in soil with different
meteorological parameters are summarized in Table 1. The
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Fig. 3b. Radon data plotted against evaporation and wind velocity during June 1996 to Sept. 1997 at Palampur.

soil temperature is found to be positively correlated with
radon emanation. An increasein surfacetemperature causes
the soil -gas radon to expand and escape, and also tends to
release the vapour adsorbed to the surface of soil particles.
Radon values are generally found to increase in mild rain.
When thereis heavy rain, the radon value initially falls and

then starts rising over a period of some days. Thisincrease
may be explained due to the capping effect of wet soil layers
at the surface preventing radon from escaping into the
atmosphere. High temperature and increase in relative
humidity enhance radon emanation, whereas wind velocity
has an inverse correlation with it. Strong wind causes the
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Tablel
Statistical analysisof correlation coefficient of radon data (in soil gas) with different meteorological parameters
at Palampur
Percentage variation.

coefficient (C%) Correlation

Avg Std. dev. Std/Avg coefficient
Radon (counts/200s) 563 315 56 —
Temperature (°C) 24.43 4.90 20 0.37
Rainfall (mm) 4,95 11.32 229 0.20
Relative humidity (%) 64.72 18.79 29 0.45
Wind velocity (km/h) 4,75 157 33 -0.21

upper layer of soil to blow away thusallowing radonto escape
into the atmosphere. In general, the meteorological
parameters do not have a predominant effect on diurnal
variations of radon content in soil as emanometry datais
recorded at a depth of 60 cms. Meteorological data was
available for Palampur station only, where a meteorol ogical
observatory already exists in the campus of the Himachal
Pradesh Krishi Vishvavidyala (HPKV), the site of our radon
monitoring station. But the westher patternisamost identical
in the two valleys and the data can perhaps be extrapolated
to other stations.
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