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The Attitude of the Three-Component Borehole Strainmeter
and the Seismometer in the Yard of NRCDP***

By
Seiichi Shimada, Shin’ichi Noguchi and Shoji Sakata

National Research Center for Disaster Prevention, Japan

Abstract

The observation unit, which is composed of a three-component borehole
strainmeter, a three-component seismometer and precision thermometer, was installed
in the yard of NRCDP in 1984. Unfortunately some troubles at the time 'of
installation made the azimuth and the tilt of the vessel unclear. For derivation of
three components of strain from the data obtained by the three-component
strainmeter, the distribution of mortar thickness around the strainmeter in the
borehole and the direction of the strainmeter should be determined. Therefore we
estimate the azimuth and the tilt of the vessel. From the well-logging the maximum
tilt of the borehole is estimated to be about 25 at the depth where the observation
vessel is settled. Considering the shape of the vessel and the diameter and the tilt of
the borehole, we estimated the angle between the axes of the vessel and the borehole
to be about 10.4’. Consequently the thickness of the mortar between the three-
component strainmeter and the surrounding rock varies from 19 mm to 40 mm at the
upper end of the detection part and 8 mm to 51 mm at the lower end. The azimuth
of the maximum tilt of the vessel is estimated to be about N35°W. The azimuth of
the vessel was estimated from the initial motion analysis by using the falls of weight,
the nearby blasts and some earthquakes. From the observations of the blasts and the
earthquakes we estimated the azimuth to be N201.5E+4.7° and N202.3E+8.8",
respectively. From these observation we estimate the azimuth of vessel at N202°E.
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***The National Research Center for Disaster prevention.
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The composition and the size of
the observation vessel installed
in the yard of NRCDP. The
ratio of the height to the dia-
meter is 1: 25.
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Fig. 3 Horisontal projection chart of the borehole axis obtained by the
gyroscopic well logging. The polygonal line indicates the borchole axis
and the number beside the line the depth (meter unit).
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Fig.4 The attitude of the vessel in the borehole. The
left is the case where the vessel is set in the guide
key and the discrepancy of the axes of the vessel
and the borehole is the maximum. The right is
the case where the vessel is not set in the guide
key. In both chart the borehole tilt is 25° and the
ratio of the height and the diameter is 1: 25.
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Fig. 5 The locations of the observed blasts (A,, A,, B) and the
observation well.
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Table 1 The result of blast observations. Time, blast point, arrival
azimuth of the blasts, three components amplitudes of the initial
motion observed by the seismometer and the estimated installa-
tion azimuth.

| Blast point | Amplitude (mm) Arrival Installation
Time Blast point azimuth azimuth azimuth

Ay, (deg) U-D NS E-W| Ay,(deg) | A, Ay(deg)
84, 6.13. 16:11:04 A 46.2 3.9 5.1 17.5 253.8 207.6
B4. 6.13. 16134 : 40 A, 47.2 3.1 4.6 10.2 245.7 198.5
84. 6.14. 12:03:17 B 5%.5 2.8 3.0 10.8 254.5 185.0
84. 6.14. 12:15: 11 A, 47.2 2.9 3.7 12.2 253.1 205.9
B4. 6.14. 15:55:59 | B 59.5 5.0 3.5 20.6 260.4 200.9
B4. 6.14. 17: 30 B 59.5 25 1.6 9.5 260.4 200.9

MeantStandard deviation 201.5=4.7
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Fig. 7 The locations of the earthquakes by which the installation azimuth
estimated.
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Table 2 The result of earthquake observations. Time, epicentral coordinate,
magnitude, epicentral distance, arrival azimuth of the earthquakes.
three components amplitudes of the inital motion observed by the
seismometer and the cstimated installation azimuth,

BRI S 17 SR AT O RIEHRNE &R S P R TIL.

L] M¢2.0
o 2.0¢M¢3.0
o 3.0¢Mck.0

4.0¢M<5.0

Depih (km)

is

Epicenter Epicentral | Epicentral | amplitude (mm) Arrival | Installation
Time - M| distance azimuth azimuth azimuth

Lat. Long Depth(km (km) Awldeg) |U-D N-§ E-W |A,{deg)| Au Acpideg)
&4. 5. 4. 171 00]36.149 140.140 0.0 — 5.1 235.0 3.1 4.8 9.3| 231.6 196.6
84. 5. 4. 171 03]36.150 140.149 0.0 5.9 238.6 1.0 1.6 7.0 261.9 203.3
84. 5. 5. 15:41|36.209 140.906 37.5 3.0 73.8 2628 0.3 1.8 ~2.6| 280.9 198.6
84. 5. 8. 23:00]35.356 140.404 B1.7 g 89.6 341.8 0.9 1.2 0.1 353.7 192.0
B4. 5. 9. 1:23|35.349 140.424 63.9 4.0 90.9 340.9 1.6 —2.0 —0.3] 349.4 188.7
B4, 5.14. 200 49|36.016 139.630 43.6 2.8 43.4 74.1 —1.3 —12.8 12.3 96.0 201.7
B4. 5.16. 13 54(36.144 140.902 41.5 |34 72:.8 268 .4 1.6 —3.8 —4.7| 288.8 200.9
84. 5.20. 17! 48[35.786 140.085 71.1 3.8 37.3 1.1 18.0 —20.5 11.2 31.9 210.8
84. 5.20. 197 54[35.770 140.094 649 .8 4.0 39.1 359.9 1735 --21:4Y 1248 35.8 215.9
84, 5.21. 15:31136.012 140.086 67.6 3.0 12.3 3.0 2.5 —8.1 1.6 32.6 209.6
84. 5.23. 1:0535.892 140.525 26.8 3.3 46.6 3034 18.2 —9.1 —4.8| 345.2 422.1
84. 5.23. 71 38|35.1f3 139.840 3.2 4.7 23.5 103.8 —-1.0 —3.3 1.7| 120.5 196.6
84. 5.23. 7:44(36.174 139.821 32.9 2.9 25.2 103.1 1.0 3.6 %3 1135 190.3
84. 5.25. 21:27(36.522 140.493 66.7 3.0 a7.2 219:3 1.5 4.1 2.6] 240.0 201.0
84. 3.26. 9:19|33.260 140.698 35.0 5.0 322.3 350.3 23 =2 G 12.3 202.3
84. 5.26. 11 :06|36.001 139.656 16.1 2.6 41.6 71.0 —1.0 —10.1 8.9 96.4 205.2
84. 5.28. 16 38|36.027 140.094 62.5 2.6 10.6 359.6 —3T 1.8 —0.7 22.4 202.8

Mean+ Standard deviation 2023+8.8
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Fig. 8 The wave forms of the initial motion of the earthquakes by which the
installation azimuth is estimated.
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Fig. The wave forms of the initial motion of the earthquakes by which the
installation azimuth is esthmated.
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Fig.8 The wave forms of the initial motion of the earthquakes by which the
installation azimuth is estimated.
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Fig. 9 The relation between the epicentral azimuth (clockwise from north)
and the estimated installation azimuth (clockwise from north) of

the earthquakes.
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Fig. 10 The estimated cross sections which indicate the thickness of the mortar at
the detection part of the three-component strainmeter. The left is the
upper end of the detection part and the right the lower end.
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