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Radon recording of Uttarkashi earthquake

H.S. Virk and Baljinder Singh
Department of Physics, Curu Nenak Dev University, Amritsar.

Abstract. Spatial and temporal distribution of radon is
recorded in both soil-gas and groundwater using two
different techniques, viz. track etch method and emanometry.
Radon recording stations have been set up at one site in
Amritsar and four sites in the Kangra valiey (Himachal
Pradesh) ander the Himalayan seismicity project. The track-
cich method gives integrated measurement of radon over a
week or a fortnight whereas emanometry is used for daily
recording of raden activity in soil-ges and groundwater.

The Uttarkashi carthquake (mp = 6.5, Ms = 7.0) oceurred
onOctober 20, 1991 {Oct. 19 U.T.) in the Garhwal Himalayas
{30.78°N, 78.77°E) about 330 km from our recording stations
in the Eangra valley and about 450 km from Amritsar,
respectively. Radon anomalies were recorded at all sites in
Kangra valley and Ammitsar about a week before the
Uttarkashi earthquake, which clearly establishes that radon
changes can be effective for forccasting some carthquakes.

Introduction

Since the first observation of changes in the radon
concentration of groundwater priot to 1966 Tashkent
earthquake (E/lomov and Mavashev, 1967), these changes
have been considered to be a plausible precursory earthquake
phenomenon.  Observations of radon in soil-gas and
groundwater generally show some fluctuations. These have
been widely studied and interpreted as a function of
meteorotogical variables, sub- soil changes or both (Stecle ct
al., 1982; Singh et al., [988a).

Recent teports dealing with the measurement of radon
coneentrationin soil gas and groundwater indicate that
anomalous radon emanations occurred prior to several
moderate to large carthquakes (Birchard and Libby, 1980;
Fleischer and Mogro-Campern, 1979; King, 1978; 1980;
1984/BS5; Sreefe. 1984{85; Liu et al, 1984/85; Teng et al.,
198 1; Singh 1 al., 1988b; Ramola et al., 1990, Papastefanon
et al., 1989; Virk, 1986; 1990; Virk and Singh, 1992).
Anomafous changes in sub-surface radon concentration may
be expected at 2 distance of a few hundred kilometers from
the hypocenter according to the two models (Dabrovolsky et
al., 1979; Fleischer, 1981) that, interestingly, lead to the
similar prediction of the relation between earthquake
magnitsde and maximum distance for detection of
premonitory signals.

In this paper results of radon measurements in soil-gas
and groundwater using two different techniques are reported
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for correlation with the Uttarkashi earthquake of 6.6 my
which occurred on October 20, 1991 in India. Anomalous
changes m radon concentration were observed at recording
stations at Palamput, Andretta, Chamunda Devi and
Dharamsale (Fig. 1) in Kangra valley of Himachal Pradesh
and at Amritsar (Punjab).

Radop Measerement Technigues

The radon concentration in soil gas and groundwater was
measured  using  instantancous  and  fime-integrated
techniques. The detectors used for radon emanation
employed ZnS{Ag) scintillator and plastic track detectors,
respectively. :

Radon Monitoring in Soil-gas

For measuring radon in soil-gas auger prodirced holes
are left covered for 24 hours; the same holes being used daily
for radon monitoring. An emanometer Is used to measure
the alpha emission from radon in the gas fraction of a sample
by pumping the gas into a scintiliation chamber using a
closed-circuit technique (Fig. 2) (Ghoshk and Bhatla, 1966).
The alpha particles emitted from the decay of radon impact
the scintillator ZnS{Ag) creating an energy pulse ir the form
of photons and these photons are recorded by scintillation
assembly consisting of PMT and scaler unit.

An integrated soil-gas radon concentration over weekly
time intervals is inferred from alpha particle tracks
determined through the use of a commercially manufactured
nitro-cellulose plastic film (LR- 115 Type ). Raden-Thoron
discriminator (Fig.3) (Singh et al, 1984, Ghosh and
Sonndrarajan, 1984) containing strips of film is placed into
the shallow holes 60 c¢m in depth which are then covered
tightly for protection against surface waterete. The filins are
teplaced at weekly intervals and are chemically processed to
enlarge the damage zone caused by alpha particle interaction.
The ttacks are counted within an area of fcm™ for density
measurements. The measured track density is assumed tobe
propottional to the average radon concentration of the
soil-gas during the period of measurement.

Radon Monitoring in Groundwater

The groundwater sample is collected daily from a "bauli’
(natural spring) in a sample bowle. A clos=d-circuit
technique is used to collect the gas that has passed through
the water sample in the ZnS(Ag} detector cell (Ghosh and
Bhalla, 1966) as follows : The air is circulaizd in the
closed-circuit containing a hand-opemated rubber pump, a
water sample bottle, 2 drying chamber and = ZnS(Ag)
detector cefl for 18 minutes (Fig. 2). The cous arc recorded
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hypocenter. It follows that radon changes at the monitoring
sites are to be expected from local flow that is caused by
distant sicess centers. Furthermore, the lérge variation in
daily soil-gas emanometry radon data and weekly
etched-track measurements is due to the integrating nature of
the lattcr technique.

Conclusions

1. From our soil-gas and groundwa'zr radon inonitoting .-,
resulis (Virk, 1986, 1990; Singh ef al., 1988; Ramola et
al., 1990, Virk and Singh, 1952) since 1984 as well as:

thase of other workers reporied in the literature, we

conclude that radon anomalies are often associated with

seismic activity. Ience radon can serve as a useful
* precurso: for earthquake prediction.

2. To be uscful as a precursot, continuous monitoring of
radon both in soil-gas and in groundwater, along with
other environmental factors at several monitoring sites
ina grid pattern along the Main Boundary Faultis useful,
as faulis are the paths of least resistance along which
terrestrial gases genemted ot stored in the Earth can
escape into the atmosphere.

3. Simultaneous occurrence of radon anomalies in both
soil-gas and groundwater augers well for accepling
radon as an carthquake precursor cven though peak
radon concentrations are widely different in both media.
Another positive point of our study is that radon
anomalies are recorded using two diffcrent monitoring
techniques and thai the two methods agree.

4. The simultancous recording of radon anomalies at
different recording stations is a strong indicator of the
physical bLasis of earthquake prediction. The radon
recording of the Uttarkashi earthquake a few days before
the ocewmience of the event is 2 unique achievement in
our efforts to establish the efficacy of mdon as a useful
precursor.
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