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Figure 5.1 Comparison of observed and synthetic volume strain waveforms at YUGAWARA station for the Jan 4, 1998 Loyalty Islands
earthquake (M, = 7.4). )
Upper left : Epicenter location plot (solid triangle) based on an azimuthal equidistant projection centered at the station.
Upper right: Station location (solid circle).
Middle . Hypocentral information.
Lower :(1) Raw SP record. (2), (3) Lowpass-filtered (£, = 0.015Hz) SP & Atmospheric pressure. (4) Lowpass-filtered SP
corrected for atmospheric pressure effect. (5) Lowpass-filtered synthetic waveform.
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Figure 5.2 Internal structure of Double Coaxial Borehole Strainmeter (DCBS). Fundamental design is based on the Sacks-Evertson
strainmeter. Upper and lower sensors are identical with each other except for cable alignment: the cables are divided into
components which bypass outside Amplifier block and go through Dummy steel in Sensor block. A: amplifier block. S: sensing
block. SO: silicon oil. D: dummy steel block. V: valve for pressure-release. DT:. differential transformer. B: bellows.
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Figure 5.3 Installation of a DCBS. (D First stage: Putting the upper and lower sensors in a borehole, keeping connection of the sensor
coupling. @ Second stage: Grouting the lower sensor with expansion cement. (® Third stage: Grouting intermediate layer
between the sensors with normal cement and maintaining mechanical isolation by inserting a several-meter-thick bentonite (a
kind of clay) layer. Forth stage: Grouting the upper sensor with expansion cement.

i
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Figure 54 DCBS station at Odawara (double circle) and the JMA volume strainmeter stations in the adjacent area (solid circles).
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Figure 5.5 Geological structure around the DCBS borehole. Upper sensor is installed in soft Tuff layer, and lower sensor, in solid
Andesite layer.
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Figure 5.6 Overview of the system for data acquisition and transmission. The data of the strain and the environmental factors (rain,
temperature, atmospheric pressure, etc.) are acquired by a personal computer (NEC PC-9801vm) through 16bit A/D board,
and temporarily stored in the internal storage (RAM or HD). The stored data is transmitted to MRI (Tsukuba) once a day
through the public telephone line. Time is corrected by JJY time-code signal. The DCBS can be remotely controlled through

the telephone line for changing sensitivity, opening valve, calibration, etc..
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Figure 5.7 Outputs from DCBS from 1990 to 1998 (hourly value). Eq. shows the earthquake that occurred in the north (M5.3, March
1996, epicentral distance 30km). Upper arrows indicate irregular changes due to unstable coupling between the sensor and the
surrounding media, and lower arrows indicate those due to instrumental origins.
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Figure 5.8 Temporal change of the frequency of strain-steps that occurred irregularly (daily number).

Table 5.1 Miscellaneous constants on the DCBS.

Upper Lower
Depth (m ’ 114.5 180.0
Temperature Coefficient (x microstrain’C) 64.0 0.3 70.0 0.9
A.Pressure Coefficient (x nanostrain/hPa) 7.6 0.9 4.7 0.6
Sensitivity for Surface wave (ratio) 0.65 1
Sensitivity for Earth tide (M2) 1903 4.4 0.0
Rock of sensor-installed layer Tuff Andesite
Young s modulus (x 10GPa 14 0.0 72 0.9
Poisson ratio 0.34 0.03 0.29 0.03
Stainless Steel .
Young s modulus k10GP2 20
Poisson ratio 0.30
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Figure 5.9 Outputs from DCBS at Odawara and from the Sacks Evertson type BS at Yugawara from January 1996 to May 1998.
Upper sensor shows expansion whereas lower sensor shows relatively steady contraction that resembles the strain changes in
Yugawara.
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Figure 5.10 Outputs from DCBS at Odawara and Yugawara from January 1996 to May 1998. Trend of output from upper sensor is
adjusted to the other strain changes. Characteristic changes for the period from a few days to a month are very similar, which
can be attributed to rainfall. )
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Figure 5.11 Outputs from DCBS and the differences (all trends adjusted). Changes due to rainfall can be largely reduced by taking the
difference between lower and upper sensors. ‘
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Figure 5.12 Outputs from DCBS and the differences from 1994 to 1998 (all trends adjusted). 'A' indicates irregular changes due to

instruments. Trends in outputs became clear after March 1996.

Figure 513 Fourier spectrum for outputs of DCBS. Quality of data from lower sensor is higher than that from upper one. M2 is a
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Figure 5.14 Temporal changes of mechanical responses in DCBS.
(a) Sensitivity for the M. tide
(b) Response to atmospheric pressure (in nano strain per 1hPa).
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Figure 5.15 Interpretation for simultaneous but reverse changes of trends in DCBS. As the horizontal stress is applied to a hard
layer around the lower sensor, a tensile force is generated around the upper sensor by bending the lower layer with an upward
curvature.
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Figure 5.16 Seismic activity in western Kanagawa, eastern Yamanashi and the northern end of the Tzu peninsula. Frequency of
earthquake (M >1.8) increases after the earthquake (A5.3, March 1996) and quiescence begins in late 1997.
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Figure 5.17 GPS Stations distribution. TSUKUBA is located on MRI campus, OKADA and MERA are located at the tide gauge
stations of JMA.
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(a)

Figure 5.18 GPS station view (left), and GPS antenna close-up (right). (a) TSUKUBA. (b) OKADA. (c) MERA.
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Figure 5.19 GPS antenna pillar design. (a) TSUKUBA. (b) OKADA. (c) MERA.

— 130 —




REFZEF A RE  5540% 2000

Figure 5.20 Instrument settings in the MERA tide gauge house. Top: GPS receiver (right) and modem (left). Middle: UPS (right) and
power/signal unit (left). Bottom: antenna cable.
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Figure 5.21 Schematic picture of the data flow in GPS observation system.
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Figure 5.23 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of OKADA station referred to TSUKUBA
from October 1996 to March 1999; analyzed with Bernese GPS software.
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Figure 5.24 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of MERA station referred to TSUKUBA from
October 1996 to March 1999.
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Figure 525 Changes of standard deviations. Solid circle and open square denote deviations of OKADA and MERA. Solid line denotes
deviations with tropospheric delay estimation and broken line denotes the case of no estimation.
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Figure 5.26 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of OKADA station referred to TSUKUBA
from October 1996 to October 1998 with (gray) and without (black) an estimation of tropospheric delay.
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Figure 5.27 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of MERA station referred to TSUKUBA from
October 1996 to October 1998 with (gray) and without (black) an estimation of tropospheric delay.
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Figure 5.28 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of OKADA station referred to MERA from
October 1996 to March 1999.
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Figure 5.29 Analysis of monthly mean sea level difference between the tide stations at Mera and Okada. Top: Change of sea level
difference and trend component. Second: Rate of vertical movement at Okada relative to Mera. Third: Seasonal changes.
Bottom: Irregular noise component.
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Figure 5.30 Monthly mean vertical component of GPS observation between the sites at Okada and Mera.
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Figure 5.31 Annual mean sea level differences.
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Figure 5.32 Changes of baseline length on Izu-Oshima island and the frequency of volcanic eathquake (from Oshima Weather Station).
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