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COSEISMIC CHANGES IN GROUNDWATER LEVEL AT OSAKAYAMA

By Kunihiro SHIGETOMI, Masaru YAMADA, Sinzo Fum

Synopsis

Continuous monitoring of groundwater level have been carried out since December 1976 at Osa-
kayama observatory in order to investigate relations between groundwater level and strain changes and
earthquake occurrence.

For nineteen earthquakes coseismic steps in groundwater level were observed at the observatory
till July 1991. Coseismic steps in ground water level are observable for earthquakes with magnitude
larger than 4.0 in case of epicentral distance less than 50 km.

In all cases sences of coseismic steps are upward and do not depend on those of initial motions of
P wave. Amplitudes of coseismic steps in groundwater level are proportional to energy of earthquakes
and are inversely proportional to a square of epicentral distance.
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Fig. 1. Cross sectional views of the observation tunnel and locations of the well and other
instruments in the tunnel. WL: Well; E1, E2, E3, E4, E5: Extensometers and
E5 are also used as a strain seismograph; T: Thermometer; B: Barometer.
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Fig. 2. Examples of hydrograph records for the period from October 23 to November 20, 1990.
Abrupt changes in groundwater level (indicated by arrows) are caused by changes in
barometric pressure.
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Fig. 3. Hydrograph records showing coseismic changes in groundwater level.
a; for the earthquake with M=4.9 and A =30km.
b: for the earthquake with M=7.7 and A =660 km.
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Fig. 4. Coseismic changes in grounwater level traced from original records for
earthquakes with M=4.5 and » <50 km.
Numbers correspond to those in Table 1.
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Fig. 5. Same as Fig. 4, but for relatively distant and large earthquakes.
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Table 1. List of earthquakes with coseismic steps in groundwater level and amplitudes of
steps. Last column is shown sence of initial motions of P waves at the
observatory (+: compressional, —: dilatational, +: uncertain)

No oy ™Sup fi‘éct;'. '&22: Mg e P wive
1 1978 1/14 34.767 139.250 7.0 311 15 +
2 1978 10/ 7 34.783 137.500 5.3 173 7 +
3 1979 4/12 34.667 136.383 4.3 29 -

4 1979 10/16 35.283 135.883 4.9 32 16 +
5 1980 6/29 34.917 139.233 6.7 308 11 -
6 1980 9/11 35.133 135.967 4.6 18 19 +
7 1983  3/16 34.788 137.613 5.7 162 11 -

8 1983 5/26 40.355 139.077 7.7 660 55 +
9 1983 10/31 35.413 133.927 6.2 180 15 -

10 1984 5/ 5 34.888 135.692 4.6 20 20 -

11 1984 9/14 35.822 137.560 6.8 170 22 +

12 1985 1/ 6 35.178 135.552 5.9 94 16 x

13 1985 10/ 3 35.178 135.862 5.1 21 22 +

14 1985 11/27 35.612 135.750 5.1 70 4 +

15 1987 5/ 9 34.143 135.408 5.6 102 39

16 1987 5/28 35.000 135.530 4.9 30 21 -

17 1987 12/17 35.372 140.500 6.7 425 8 +

18 1989  2/19 34.608 136.468 5.3 70 23 —

19 1990 1/11 35.110 135.978 4.9 17 26 +
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Fig. 6. Strain seismogram recorded for the same earthquake shown in Fig. 3 a.
a: original record. b: filtered record (5 sec. low pass).
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Fig. 7. Records of extensometer and strain seismograph for the earthquake with M=4.9
and A =17km (No. 19 in Fig. { and Table 1).
a: N 38°E component extensometer record sampled at every one minute.
b: Same component strain seismogram showing coseismic changes.
¢ An enlarged portion of the strain seismogram. P and S indicate the onset
times of P- and S-waves respectively.
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Fig. 8. Epicentral distribution around the observatory for the period from Jan. 1, 1977 to
Jul. 31, 1991. Earthquakes with magnitude greater than 4.0 and depth shallower
than 100 km are plotted. The data are derived from SEIS-PCY @: earth-
quakes with coseismic steps. The center of the circle is the observatory and the
radius of it is 50 km.
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Fig. 9. Same as Fig. 8, but earthquakes with magnitude greater than 4.5 and depth
shallower than 100 km are plotted.
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Fig. 10. Same as Fig. 8, but earthquakes with magnitude greater than 5.0 and depth
shalloer than 100 km are plotted. The radius of the circle is 100 km.
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Fig. 11. Epicenters of earthquakes with epicentral distance greater than 100 km for which
coseismic steps in groundwater level were observed at the observatory.
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Fig. 12. Magnitude-dependence of logarithmic amplitude of coseismic steps in groundwa-
ter level. The amplitude is multiplied by a square of epicentral distance in view
of the effect of geometrical spreading for seismic waves.
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