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The New Volume-Strain Observation Systems in Teshikaga, Hokkaido

Tetsuo TAKANAMI, Minoru KASAHARA, Masamitsu TAKADA, and Yasuhiro ASAT
Research Center for Earthquake Prediction, Faculty of Science, Hokkaido University
I.S. SAcCKs, A.T. LINDE, M. ACIERNO, and B. PANDIT
Department of Terrestrial Magnetism, Carnegie Institution of Washington
(Received November 28, 1997 )

In oder to measure the strain change in the source area of the 1938 Teshikaga earthquake,
Sacks~Evertson borehole volumetric strainmeters of a resilient steel cylinder about 4 m long and
7 cm in diameter were installed in the bottom of about 180 m-deep wells at two stations of Nita
(NIT) and Kusharo (KUT) in Teshikaga, Hokkaido, Japan. 4.5 Hz velocity-type seismometers (3
-comp.) were also installed just above the strainmeters. The instrument sensitivity of strain-
meter is about 107" in strain. It has a constant response to strain over the frequency range from
0 Hz to about 20 Hz ; this is equivalent to a seismometer with constant response to velocity over
the same wide frequency range. The dataloggers at each station are designed to give the high
dynamic range digital data stream of about 130 dB by using 24 bit A/D converter (64sps and 128
sps are possible), to store continuous long-term data up to about 4 months, and to provide
communication for diagnosis of observation system and for transmission of data from a remote
station by using phone lines. For acquiring necessary auxiliary data, up to 8 separate inputs can
be multiplexed into a 20 bit A/D converter. Timing is controlled by signals from a GPS receiver.
The auxiliary data channels now include strainmeter temperature, atmospheric pressure, ambient
subsystem temperature and supply voltages.
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LM ERERICALE § 2 28 FRAEEZL T, 1938 4, 59, 65, 67 FITHEMBE S REL T 5 (B2,
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1. ZhiToHRA

Jb il KB E TR N MR £ > ¥ — (RCEP) T3, 1983 4ELISK, BFRATERERILIC TV
A—=22 & I EERHIBOMBER UHIBREROERBI 2 EHL T/, Zo7—F3ERTV
A—FTRCEPIcH#LNT WS, E5IZ, TNLDTVXA—=2IC L 2EEBNNIT,, BROMER
BRI & 2 HREEVBRA A EDPEREINTELZ (12 & 24F, wH, 1969, &R-fll, 1974,
Higk- 48, 1977), F72, T CIROCARMRICERL 2/ NEBEME ) <2 4  (NBT) Tit, &t
BMEENT X7 AATHLAEE TV I BEMEOHB L ERBKRL L Hick-72 (- —
i, 1996)., T HNBRE X HICFHES Y, BHEB LT OFOERICREETLIHENREL
LR % 7260, 1996 IS HWEN CHIGREBI OB SBN Z B85 L /2. 206 oF#ElS 27 40,
ZHW, SRENREBUED 1L L TFRTFEMETE CREINL. IREESN 27 4
BEND—BELTHRELZDOTH S, SRIOBEBRNPFIZIZ, GPSIC & 2 IBREBHTERNL
VAN Bic k2 HIBNBEILEIN TS, 22 Tl B TFRATEARMMX & CHBXIcH iz L 25K
BMEBW L 2T 22O TRAT 2 (Fig. 1).

2. BRBERE (KUT)

KUT i3, BHSB#oEHFL< 2 km, WHE & ALK E & HERBICE L, AREICHEL T3
(Photo. 1), ZE®EII#200m TH 5, AWM, ML CRERTH), FRFMEIFEEL
TWwa, BRSELOME R, HESROREBERIKE~ENELE ([ 7V ~NE) 288, X
WREH TR N2 E-> TPRBOBERAXLOEAKIZ & » TER S Lz XIBY (BEEAR) 24
L Tv 2 (AL¥EERRT, 1962). ¥ —HBROLOICRIL K= 7 a7l biud, g3
120 m PR TR B W OGEBIRENER TH 5.

3. CHERSE (NIT)

NIT ix, 33 FRET DA b HIERA 4 km iz b 21BN BHICALE S % (Photo. 2(a)). fHik
—H3, ZE 100~200 m O B X LK EIHIE & 7 > TW T, SO H#A T 5, BRIED
EEEH1IT0m Thd, ZOMBOMER, BOLOHE? SHEEIN, GHROERE L LLDIIE
FEEXIIEBY L HEINLIBRAREED CINEE > T, BIFEEL T35 (LEERRT,
1965), BRI ETHR=) > 7 - a7 L3 BZRUBIOEBIHEI N L1 - 72,

0. v IR« TN~} BORAHKFEER

1938 EDHFRHBERICE L - HEMBZ BT L Hic, B LCHD 2RIy 72 - 2N—
FY UHSHALRGREH 2R L2, ZO2HMETHEIILZRT A NVORIEFIH1B0Om »), %
DERD 5 9 m OPILTE IS, AREEGFEHFBEF L EBML AT v 2 7L, E5icxD
kiz 3 i rEET (BAALWY 4.5 Hz) 2 AN EHRDOEL XL 72 (Photo. 3), ZHEL>
HTHBH, ES34m EHETMNDAT Y VA, 7TEHEETLE, BELAY FEHAWTIN A
TEERICEZEE, IS - T, 2B ABNEBRONE, BRICEETS LTS,
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Fig. 1. Map of observation network in Teshikaga.
NBT is a tripartite network, TES is the transit telemetry observation site,
and both KUT and NIT are the new volumetric strain observation sites.
RCEP is the central recording site of Hokkaido University in Sapporo.

Circles with dot indicate the epicenters of the damaging earthquakes since
the 1938 Kusharo earthquake.
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Photo. 1(a). Station KUT. Strainmeter, seismometers and
thermometer are installed at the bottom of the 180.56 m
deep well.

Photo. 1(b). Strainmeter electronics,
datalogger, sensors of atmo-
spheric pressure, anbient sub sys-
tem temperature, dialup-commu-
nication system, and PC are set
inside the hut being at 60 km
distant from the well. The
wooden pole for GPS antenna
stands close by the hut.
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Photo. 2(2). Station NIT. An overall view.

Photo. 2(b). GPS antenna put on the
end of steel arm fixed to the
wooden pole. Strainmeter elec-
tronics, data logger, and sensors
of atmospheric pressure, anbient
sub system temperature, dialup
-communication system, and PC
are set inside the hut being 30 m
distant from the well(Photo. 2(a)).
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Photo. 3. Installation of the sensors at KUT(eft). Strainmeter and 3-comp
seismometers lifted up by crane and lowered to the bottom of the well at
KUT (right).
WRATOTERS m DZFFIRIIEEEB L /22 3l TRERBLZEINTWE, ERMICIZRETH
D, ZNASTBREFHIT LN TS, 20 FERIEMEEEZ e —XIZBL T3, RBELY B
DESFLEL ) IV HTHLZINTW B, Ru—XDRAPELICTHIN T BN TR —X
BIUZREHNNL ) 2>l EHNL ) a vl BEWICESICHMYTH S, 72771, Eificidl
KNI A Tz 8 N7z [ARZBEH»H ), BB ) a Y MIZEEREZ > Twa, Lzd-
TRBEDEANDEEGITER L TEFAIOBEELsEL 5. ZEH ) 3 mcd 5ERN
Bz ELEE, TN L %) ) 3y MBEBEI e —XD ETFTEMEAEL EE 5, Ld-
TZRe—XD ETEMEZBEERTRET 2 Z L TEBOEIHETE S, SEERLLEL
H—i%, B0 ORERE, DC4 5 20 Hz  CRHEOFWEEBIRE £ L8540 71>
PHINAB LI TN EREE L > TS, ZOBOELYT—IL, 7—RX—FRFIHRE
(Sacks et al, 1971) L, 2B EBOHPNRREZERTERLLATH S, SHEEFHL 2ELL P —
HoOBN % Fig. 2 1o ¢, ZHRERHICIIFERBRNOL D LT LA LEETH Y, ALREFEIMNEN
HERATOBMAIC IR SROEFHPI9B2E 1L AickER N, BHlZ#KEL w25 (Ta-
kanami et al., 1997).
EANEILI B L CEREERNERNEEIENT 525, 20T+ 1/ EE2H LOBRINET
TUINT—FRERLTD, ZDTIVINT—FDREFEBIC DV TIKRETHRNS,

IV, IR - LIRFH

BAERI =P LDT a7 EFIE, BRE/NBICREL 27— FINGEEICELN, A/DERSN
5, ZZTT P INMEEINT2T— 213, BN EEZ— F TR 7 IC 8k & 115 (Photo.
4).  WEKRS AT LICHV 5 GPS Beetid, BRICEZMT2EHET > 7+ C%EL T« 5 (Photo. 2
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Fig. 2. Diagrammatic representation of borehole strainmeter.

(b)), T—FMGEEBOHIMEIE, PCIzL > TiThiL T3 (Photo. 4). Fig. 3ic > ¥—» 57—
FINGFEE E TOLERDL 2T AR ER LI, ZOTF -2 INGREORRIE, KEWSFL1F31v 7L
YU T—F DR, PCEHWAT— 2 INGnEL, % L (HBINGEEDEBRIEEOERICH
5, TOBETCRINEREZWI LT - NEEBIZOWTHFHLBNS,

Fig. 3R L 2B ICIE, KEPICREEEFT P LDT e G2 T I NMET BT 5%
BWBHE L, L —HUCH D NTORMAEAITIBEEL I H L. S LML 2T 2RI, HE
ET =B ONDY T AT AL, T—FNEGE T— BEDY 7L AT L EIZHTTHBET 5,

1, fiEe F—9ERDOY T AT 4
IOV T AT iz}, (1) BIESH#E, (2) THeZEiHE50Tv o0t 248y +), %
LT (3) BEORMBT—3 0T ML (206 }) L ZNEE, &) 3DDBEE» ST
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Photo. 4. Sub-system A : Regulated DT supply (valve
opener circuit), 24 bit ADC for strain data and 20 bit
ADC for auxiliary data. DC12 volt is supplied to every
system by using the automatic battery chargers (top).
Sub-system B : PC based data acquisition and storage
system (bottom).

. (2) & (3) TEHEBILINTUINT—2iE, T—7NSGEBLTF— I BEEBLIZHT7 7
4»\—17 TNEMALTEIRENTwE, ZFNEDT IV INT—F RNV TATF—FELT
RS232C DA > & —7 2 — R b L HIIDWEETH 5.

(1) ERESHE
Izid, BRIOEGEERE (DT) iz 2 REBENMIGE, > VT —BOMECH L VT D
B 24T ) 72 DERBHE & DALY D 5,

(2) ZHEERPLNTFaSEBEEFN 24w + A/DE#HR
INEEREERP DT e VB EE2 24y VO A/DEBEITHOMETHE, ZHIcL-
CRELTAF IV IV SDTF U INT— I HRTE B, 20 A/D T, 1B 64 (128
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Fig. 3. Block diagram of strainmeter control and datalogger.
ELEEE) DY A4 INTIT-> T b, ZOF 7N 7rv— | ofEER, GPSKE»LN7 vy 718
BIEFELTWEY, 2054 I 78EIR01IIVBLUTTH S, ELiczoliiibancry s
NT—2i, EWEEHROHzOFIR 0— %2 - 74 L7 —%EBL T3,

(3) @gh7—s5n20 > + A/DZ#
I, B H—ETOMIE, KEE RELEFOMBT ST e s/EER 208y FOTFY S

MEIZ T 5 A/D BB TH 2, BAFBT—2 8o A/DEBRITETH L, Z0BHT—5

3, BF—20L ) LBEIRELIS4FI v 2L RPBEL LW, 22TR20Ey DA /D

BREIT-> T35,
2. T—9NRET—IBEDOLODYTLRAT A

F— S DNERE T — 7 BEFELZINOT T AT AIZIL, 1486 74 79 CPU #3#&# L, (1)PCHl
#, (2) AhTF—5%v 79—, (3) GPSEsHZ(E, (4) T—2FE#H, (5) T—FHHE, (6)
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W T— 2 W, (7)mAEE, L C(8)BIEEET L0l%ED 7T >0fiedd s, UTTEL
DRI DWW TR~ B,

(1) PC s

i486 74 7 CPU %, ZOY 7L X T L2 HHL T b, Zofiflinizbn 70 77 603274
Tv—ray 77 ANVGIERERD RAM ICEEZIAA TH S, Zoflfmi, BENEN AL,
N PG BEENRE L 2HAC b BB 7 — 2 NGRR3R RRER OB LA ITZ 5 &
JICHREFLTH B, 2ok Hic, PCHERIZEBABINAE ST 3NTWD,

(2) ANTF—Fna—py 75—

i, w4 7aveey —i2 ko THMBOH 72 25 40 A/D E#ERIC GPS BB %1%
27120, 2 2BTVINT =3 %%t M- 0T 5200 BEHEMRETHL. Zno—H o3y
Tr—OfkIc L o T, ANT—2 MU LT PCIT®s Z L0 WEEE 2 1), 403 L & PCIZER
M XA T 2 DB e\,

(3) GPS #st2vfs
Z 3, GPS ZEBD LD L R ENRRHMER 2 T — 7 Fr > AN THW L oD TH
5. ZOBEHMESIR, (2)DAHNI Ny 77—H={ 70 7uryd—iciHwbo T3,

(4) 7— 5 EHi
T, TYIMEENIT— 2 RERET BHIETH 5.

(5) T—1R%
IO, EHEINLEF v ANDERT—FEFWMINLTREKREREDO—FTR7 (4
Gbhytes) ICRHFT20HNDLDTH 5,

(6) #EEFT—FDHHN
IR, BELEERSDL ) PATF— 3% RS232C A v 9 —7 2 — 2 LB TIT 2 %BETH 5.
RIS LN EIBHIC T — JEEE TR S

(7) s
IR ¥—R—F e E=F—lEE TT—FNEEEN v — 2y V21T ) BEETH 5.

(8) EEEEIGA £ T 4Hl

I3, 7 2LHARS232CK— P 24 L CEREFE» LBMOBE S 2T 2 2 BRBRIET 21200
e THD, TNERHALT dbMEEAYX v > 2920 RCEP 7 5 BB > 2 7 A DB, HEE
DT =B LIFEZIT->Twd, EHICZDEEIZ, RCEPDOTV—I7 AT —Ya>y Ry b T—7
EEERL TWBDT, T— I BIEE2ESICL T3, RCEPICHE L 25K E £ Photo.
5127,

wigilc, KUT CEIUN S NEMMEEETGD 162 RT. Fig 4 OMBETEIL, 199646 A 10
HI3ECEELZT Y 2= x> OME (Ms=77) Tha, Fig 5ilc 2 NDHBDELR L £ = X LIH
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Photo. 5. PC for communication with the remote stations
NIT and KUT by dial-up modem at RCEP. PC can
also transfer the data files in the removable hard disk
(4G-bytes) at NIT and KUT to the work station of
RCEP.

Calculated solid earth tide
- (no ocean load)

KUT STRAIN

i 2 3 4 5 6 7 8 9 10 11 12
TIME (HOURS)

Fig. 4. Seismogram of the 1996.6.10 Aleutian earthquake (Ms="7.7) recorded by the strain-
meter at station Kusharo (KUT).
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Fig.5 Location of the epicenter of the 1996.6.10 Aleutian earthquake (Ms=7.7) and its
mechanism solution determined by Kikuchi (1996).

Table 1. Source Parameters of the 1996.6.10 Aleutian earthquake (Ms=7.7)
after Kikuchi(1996).

Epicenter Depth (strike, dip, rake) My | Mw | S D | Ac

N51.4° E177.8° 45km 260° 270 105° 41 (77| 5 | 1.2 | 29

M, = moment (X10**Nm) ; S = fault area (X10°m?) ; D=dislocation (m) ;
Ao = stress drop (Mpa).

PZHMECHRLZ, BRELTCHLZWET I TH 555, W03 BHRG L BEIC L 58k
BRI R CHRN 5, Table 1IciRL 72453 (1996) DHED X 7 = X 2BE L VBHET» 54T, =
DOHEIE, RFEETV— 2= v THOTIRARADEICE AN 7V — HBETH - 72
DHEREIND, T ENDEAREICITHEEMNAGERR (45 s) ITMR L 72, K& LIRIBOIZ B
HENSE, SRERL 2BEFGNEICL - C, SLICEMTERERIPIFTE LY.

V. & b 0 I

BTBEHIRCREL 72 2ADBRRS 2T 23, BAERMBLEZE?D T, V7 b en— FOXH
BENEIZH L, Brid, FOECEKBEEMI T, YHBOENEENEGH L Ve TEBK
TR 2LIBEL THL Z EiE, SHBOMETMRICE > CEBICEETH ), ZHELENZ
BMRTL2Z2LT, EFTMCERT LI THAIEELT—IPEBLNL LD EHFLTWE, B4
BHBREN S X T LDEEZ, JLEERFEE I —R X —IFER L oEEEETITLNL.

B BEEBRROL AT AREICHRY, BTREETRSE BTFEENRE RETHRELARIEG
EHEEER, LBERFEHLROB N /. RERICEL T, SR> 7 -z &
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