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Outline

m Introduction of Radon-222 monitoring
m Case study (Antung well, eastern Taiwan)

m Mechanism for Radon anomaly
--Dilatancy and Radon volatilation models

m Applications for earthquake early warning



Radon-222 half life and its daughters

| Regional stress increases

—> microcracks develop

— Concentration of Rn changes in groundwater
(e.g. Scholz et al., 1973; Wakita et al., 1980; Hauksson et al., 1981)
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Radon concentration during well purging
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Measurements of Radon concentration
(cpm: counts/minute)
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Rn-222 (5.490 MeV)

Po-218 (6.003 MeV)

, Po-214 (7.687 MeV)
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Radon QA/QC
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(Kuo, 2012) (Han et al., 2006)



Tectonic setting

Waterwell near the suture zone

Historical damage earthquakes:
*1951 M,7.1 and 6.8
*2003 M,6.8
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(Kuo et al., 2006)




Geological background of the monitoring well
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Radon anomaly (Mw 6.8)

Concentration of Radon decreased

before earthquake occurred

(Kuo et al., 2006)
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Radon monitoring at Antung well D1
(twice per week: 2003~ present)
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Checking for meteorogical effects
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Rock dilatancy model

(Scholz et al., 1973)

Stage i: Buildup of elastic strain. ¥ oy
Stage 2: Development of cracks.

Stage 3: Influx of ground water.
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Radon volatilation model
--Radon phase behavior (Lab experiment)
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Radon favors in gas phase

200 =

C,=C,(HxS,+1)

Where C, is initial radon
concentration

Equilibrium radon concentration (pCi/L)

C,, Is the radon
minimum

(Kuo et al., 2006) H is Henry’s coefficient
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2003 Mw 6.8 (Kuo et al., 2010) Radon
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2006 Mw 6.1 (Kuo et al., 2010) Radon
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2008 Mw 5.4 (Kuo et al., 2010) Radon
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Calculations of strain and magnitude

I Empirical equation:

C, = 1063 - 110 M,

=t
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de = 2.5893 M -12.0948

Calculated cru

(S 1) = 06827 M -3.189

Al

“w

Earthquake magnitude, M

Where C, is initial radon concentration (Kuo et al., 2010)

C,, Is the radon minimum
M,, Is the earthquake magnitude
de Is volumetric strain
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Another case:
1978 M7.0 1zu-Oshima-Kinkal earthquake in Japan

(Tsunomori and Kuo, 2010)
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Conclusions
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1.“ 77
a suitable geological site to consistently catch precursory declines in
groundwater radon.
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Conclusions

+

may explain the radon
anomalous declines in groundwater recorded prior to local large
and moderate earthquakes
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Conclusions

+

The observed relationship

between radon minima and earthquake magnitude provides a
possible means of early warning local disastrous earthquakes.
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