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Response of Radon in a seismic calibration explosion, Israel
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a b s t r a c t

Radon measurements were performed at shallow levels during an in-land 20-ton seismic calibration
explosion experiment, simulating a 2.6-ML earthquake, to investigate the influence of the explosive blast
and the transitory seismic wave fields on the Radon transport in the country rock, adjacent to the focus
of the explosion. The experiment was conducted in a basalt quarry in the northern margin of the Beit
Shean valley (Israel). Five gamma-ray sensors were placed, at a depth of about 2 m, along a line located
17–150 m from the edge of the explosion zone. Measurements commenced 4 days before and continued
for 9 days after the explosion with 15 min integrations. A 10-s sampling was used in the interval of
several hours before and after the explosion itself.
Diurnal variations of Radon, reflecting the typical variation pattern of Radon in the shallow environment,
were registered before and after the explosion. No significant change in the overall Radon concentration
was observed as a consequence of the main explosion as well as three smaller experimental shots (0.5–
2 tons) in the 2 h prior to the calibration blast. The seismological data indicate that the transient excess
pressure at the farthest Radon sensor was above 5 bar m�1 during 0.2–0.4 s, and evidently much higher
at the nearest sensors, but none of the sensors responded by recording any exceptional change in the
Radon concentration. Moreover the hypothesis that additional Radon may emanate from solid grains as
a result of the excess local pressure exerted by the blast is also not observed.
In contrast to a real earthquake event an explosion experiment has neither eventual preceding nor
following geodynamic activity. Therefore the absence of significant Radon anomalies during or after the
blast does not contradict assumptions, observations or conclusions as the occurrence of Radon anomalies
prior or after an earthquake event due to associated long-term geodynamic processes.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Radon measurements were performed in the frame of cali-
brating regional seismic properties by an in-land explosion exper-
iment, simulating an earthquake, at Beit Shean valley in northern
Israel. Conduction of the Radon investigation was based on the
assumption that enhanced directional transient movement of
Radon within the country rocks is expected due to enhanced
release and pressure gradient forcing Radon transport via the
fracture media.

The specific goals were to experimentally trace eventual Radon
variations (release and transport) in fractured rocks by parallel
measurements at close to the focus of the explosion.

Rn-222 (Radon hereafter), a radioactive noble gas, is generated
within solid or liquid phase containing Radium-226. Radon may
escape from the solid grains as a result of its recoil energy, when

produced through the alpha decay of Radium-226. The recoil energy
of 84 keV is high enough to move the Radon atom to a range of
several nm in the solid (Sasaki et al., 2004). Therefore it can migrate
from the solid grain into the water or air phase in the porous media
by recoil. If the Radon atom is retained inside the grain material but
close to its boundary then it may also preferentially move out by
diffusion. From the air or water phase within the porous media it
can travel to a limited range (half life¼ 3.8 days) by diffusion and
advection and by exhalation to the atmosphere.

At natural conditions the Radon concentration in air-filled
porous media is very low (several tens of Radon atoms are formed
per second per kg material) and there are no conventional chemical
analytical techniques with sufficient sensitivity to measure it.
Therefore the only practical technique relies on the radioactive
properties of Radon and its decay products.

Detectors based on alpha detection can measure the Radon itself
by measuring the high energy alpha particles emitted by Rn-222
and Po-218 (4.5 and 6 MeV respectively). Another type of nuclear
sensors can detect and analyze the energy spectra of different
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