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Summary of New Energy and Technology Development Organization

Entrusted R&D Report for FY 1995

Date of prepara-
tion

1997.3.31

Field/Project
number

Resource Technology No. G-019

Research Organiza-
tion

Nagoya University

Post of the re-
search coordinator

Professor, Earth and Planetary Science, School of Science

Name of the re-
search coordinator

Katsuro Ogawa

Title of the pro-
ject

A Study of the Development of High Resolution Sub-surface
Fluid Monitoring System using Accurately Controlled Rou-

Duration of the
project

November 6, 1995 - March 31, 1997

Purpose of the
project

The development of new seismic sounding system based on
the new concept of ACROSS (Accurately Controlled Routine-
Operated Signal System) are aimed. The system includes not
only new seismic sources but also the analyzing software
specialize for the monitoring of the change in subsurface
velocity structure, especially in the area of fluid re-
sources. Powerful sources with good portability are’
strongly required for the practical data acquisition.

Summary of the re-
sults

Publication,
ents

- Portable ACROSS sources (HIT) are developed. The system is

mainly used to obtain the high resolution structure with
relatively short penetration distance. The principal spec-
ifications are as follows:

(1) 100Hz in maximum.

(2) Linearly oscillating single force. This is generated
by the combined two rotator opposite directions.

(3) variable force with little work.

(4) Very simple source-ground coupler just put even on the
soft ground.

The system was operated at Yamagawa geothermal plant for
two months. The result of the experiments are:

(1) We confirmed the stability of the source over wide
frequency range up to 100Hz.

(2) We confirmed that amplitude and phase of ACROSS signal
can be obtained very precisely.

(3) Very small change of signal which arise from subsur-
face velocity change are detected. This indicates that the
system can detect the slight velocity change due to varia-
tion of subsurface fluid system.

Over 40 papers are presented at the meetings of
SSJ(Seismological Society of Japan), SEGJ(Society of Ex-
ploration Geophysicist of Japan) and AGU (American Geo-
physical Union).

moving

Future plans

We try to transfer this technique to private companies.
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Active method of monitoring underground structures by means of

Accurately Controlled ROtary Seismic Sources (ACROSS). 1.

Purpose and principle

Mineo Kumazawa and Yasuko Takei (Nagoya Univ.)
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Active method of monitoring underground structures by means of accurately controlied
rotary seismic source(ACROSS). 2. Designing and specification of the ACROSS.
Yasuko Takei, Mineo Kumazawa and Kazushi Suzuki (Nagoya Univ.)
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Active method of monitoring underground structures by means of accurately controlled rotary seismic
sources. 3. Event detection from a small number of Fourier components observed by ACROSS system.
Mineo Kumazawa and Yasuko Takei (Nagoya Univ.)
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Evaluation of accurately controlled routinc-operated sinusoidal
scismic sources in comparison with the other methods
for exploration of scismic velocity structures
Katsuro Ogawa, Minco Kumazawa, Naoyuki Fujii (Nagoya Univ.)
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Dcvelopment of Accurately Controlicd Routine Operated
Scismic source (ACROSS)
Yasuko Takei, Kazuji Suzuki, Hiromichi Namba,
Minco Kumazawa, (Nagova Univ.) Hitoshi Maruo,
Tadahiro Tsuchiya, Yoshihiko Okuyama (Fuji clectric KK)
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Fecdback control of accurately controlled routine-operated seismic source
Yasuko Takei, Norimichi Namba, Kazuji Suzuki, Mineo Kumazawa
(Nagoya Univ.) Hitoshi Maruo,Tadahiro Tsutchiya,
Yoshihiko Okuyama (Fuji Electric Co., Ltd.)
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Development of ACROSS System :
(1) Design Concept and Evaluation of Application to
Geophysical Exploration
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Koshun  YAMAOKA (School of Science, Nagoya University)
Yasuko TAKEI(Earthquake Research Institute, University of Tokyo)
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Ground coupler for anti-rocking ACROSS to generate SH wave (1)
K.[shihara, M.Kumazawa, Y.Takei, K.Suzuki, K. Yamaoka & K.Ogawa
(Nagoya Univ., *NEDO,* *Univ.Tokyo)
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Bl (D QT oFoyd o0y 75— %ERT 3 AKNE HkERRM
KRMTE, MLIZEDIDONFEFNTS 5, REROWE (FFE ) HE
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(REHOHRIEE) o R, BiReg ~F/10 Ry, 3985755 ~ F/nR?
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o KRTE5 COREZITBMANSEDT, CETEBIIIAX(LTEHE.
G,oMick »T AWAh D% F 2 —= 7300k, EERENS,



vl

¢
e

P44 SHYRER T 7 0 AD#ER S v 75 —(11I)
“BIFAAT. BOKFIR). MMk, WA, /VISTES (£, “NEDO) TANLFTS
Ground coupler for anti-rocking ACROSS to generate SH wave ( 1) Y L~
K.Ishihara, K.Suzuki, M.Kumazawa, K.Yamaoka & K.Ogawa ’__J ‘ H- Mt
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Towards the continuous remote sensing of H,0, tectonic stress and physical
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states in the Earth's crust by means of acoustic and electromagnetic across
K.Ogawa & M.Kumazawa (Dept. EPS,, Nagoya Univ.)
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Experiment on synchlonization between ACROSS and TS-

Stacker refering to GPS time.
K.Yamaoka(Nagoya Univ.), T.Kunitomo,T.Hanaki(PNC),
K.Ishthara(NEDO), N.lkeda, Y.Hasada, K.Miyakawa, M.Nakano,
M.Kumazawa(Nagoya Univ.)

EURAREITDIRBREE —FISHMB TERORL Y Y+
O dEcirFEIL, BRICBZICAPESNTIILHTSLIS N
TESERETDCENERD. MEKEECTE 1 uORBRENS
SNDGP SIFT2RBICANDRERBIEXR VY AT LAEERUIZERS
NoHoIZ. EOWBNRDITTICHEDP TH > EAREREETH MR
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Frequency stability of the rotary-type ACROSS

T. Kunitomo(PNC), K. Ishihara(NEDQ)
N. lkeda, K. Yamaoka, M. Kumazawa, K. Ogawa(Nagoya Univ.)
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4. Determination of travel tiimes by cepstrum analvsis

CLIE I T

Yoko Ilasada, Mineo Kumazawa, Hiroyuki Kumagai(Nagova Univ.),

Yasuko Takei( ERI, Univ. of Tokyo) and ACROSS group
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The Across for Laboratory acoustic measurcments.
A. Yoneda, Y. Hasada, M. Kumazawa  (Nagova Univ.)
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Proof experiment and optimization of FM-ACROSS
N.Ikeda, K.Yamaoka, M. Kumazawa, S.Inoue, S.Watanabe
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Anti-rocking mechanism of ACROSS to generate pure SH wave
K.Ishihara, M.Kumazawa, M.Nakatani, K.Suzuki, K.Ogawa (Nagoya U., NEDO)
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CINIRES RIFEHER RAEZ (BA. B)
ELECTROMAGNETIC ACROSS: A NEW POTEINTIAL METHOD
TO ANALYZE CONDUCTIVITY STRUCTURES

K. Ogawa, M. Kumazawsa & H. Kumagai (Nagoya Univ.)

BB T 70 A (EM AQROSS) D' FREDO BRI DEROEEH.
LLUENOBEROEAMICENT A L%, SFEOKOMBFELSTHE L
TR, TRTI/o0XERBIZCANSE I EIZL - T, #BBADIESPKOIRBOD
EHOBBANREICHERHTMFRICHSIFRLELTOBEARFICH S, FENI
YRMELTIE, 727020 HEHFEEXROBEIEICE->T, BOEEEL
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Tllc. AN, BRIEFEMEOBBENOBHBIZIIELOREEFRIS
DICHLMHOS T, BHBICE S ERBMELTEDORREBRRNERMEBIZRETEX S
&L BEU, REOHELEORRIZEKIT S EM ACROSS DM EAXRTT 5,

ARERERELTOBR : HEATREIBESERELIRL. Ty I X
DX NOMEAIT I EAICHEY 5,

(1) B k(T k=[iwpo+iew)]’=~[-wpo]”? (p: FHB, e KBW,
o BRIZHE) THA. HHHER C (1/C = ()wpo2] ) EFHEHE U (=20)
R3CICABBICKS CIKTF CEABICHAD L. REB Q12 BRMICIEFELN
WKEER2THE,

(2) BEEREOTERTICNE LOSKHE2~AMULIBE, A F
—¥ X 2(=0C=0") > THORHERR = (@ )V (zn+2) & FBEKR
T=2z/(z;+ ) BEA ST 5, CHIRIBEPHROFELRIMUNHERTH S,

(3) #-T, ERHBATHRINIFAETH, BREEQBOKE NN
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NXREBEETA S LE: EERABELHSREBLEOEABMERDIE
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BIHE RIGAHIGIEEEME L OUBOMBHIDWLT, BEE & LHEKE DS
B, HJUKBORMMIKESNRRICRD S5, JHUIBERMICIEA X
. PREBTREINTNS (FRE b, XERFERE) .

EM ACROSS : = C TE®RT ZEM ACROSS &i3kand HibDTH S,

(A) CSMTRED{ERI %, MENAENBSE-—RMSMH. L LUVEBOR
RSP D FE) B UK EBAW D 7 — S MIF . LB TREBMICRAEIZITE D,
ATz, BIA1-001 ps OFNRE T, ESBEORBARMEMNLIL -1 n
Hz 3 TH#EICSNBLT, AL 10°-10" BEL S EMEMZS v+ 710k
ST EMBOEMERENERERRNT— 7 W8T 5,

(B) BORMBEBBITCIBIC LA 2T XENBBICE S 1EHEARS b
IWEALEABBOMYE L TERGE YT X b5 LETRINT 5,

(C) MBWITHONTIZ (B) DR EMBBERL AUOICRENRITE S S
LTBEMSER T, F/o, BB S TRBTREOMMIBESEESMEE LT
OB MR TV (. TTERRIHGENRITIC, I KRR EMITIZEIN TV 5,

Levy et al (1988) H¢ MT tEIc 8 A U zreflectivity Bl EAMICIZ/ LM
HALHOICIRAEMEL (REBA /7 UVAEHRLTHS) (2) THARALESER
Ao I EMMITIAEL HICT Db D TH S, rellectivity lIIFIRMICIZREL
THHH, (1) TR FBAIR(RIOK X VR OBRBBIZRORIT
i3, 7=/ RBOMBL AN THENTEEID - 1,

EM ACROSSO¥E : B SINOF—SRIBENS T/ o ROKER
HIIRBEOE LOEBBICHES! 0o, COFETIY LERET. o, LDEH
REOBSENEMERFN TE TURTH L, HET I LIIROEDTH S,
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ACROSS ARRAY TO RADIATE COHERENT ACOUSTIC BEAM
WITH DIRECTIVITY FOR UNDERGROUND HOLOGRAPHY
M. Kumazawa & Y. Takei (Nagoya Univ. & ERI Univ.Tokyo)

Y4 UEOBEMEEENIIRETEZTI7aXXTUAIZTHEHTHRIED
BERNRIT DI BICARLOCANWALFENELIZZINS, AT HEOHEK
DFREHBEHOAM. HA5NLERBIMHEIZTEEHITRA S, EFBRETITHEHN,
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KEXDH F=Foexpliot) 2RLETHEL LS, 1 0EDMETHIRIZLST
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T7OXATLAOEXRE: RBUEKEOT LA dUamtEO I KR
ELTRETAZ LRI ASN, [LWABTITIZELN TN, HBHDT
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Katsuro Ogawa, Minco Kumazawa,Kei Ishihara,Masao Nakatani, Takayuki Kunitomo,
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Accurate Frequency-Modulation Control of the Rotary-type ACROSS

°T. Kunitomo(PNC), M. Kumazawa, K. Yamaoka(Nagoya Univ.),
M. Aoki(DST) and K. Ishihara(NEDO)

ACROSSEFEOREHEIL, AELMSHIE/ L AFEANTSE
EiZE Db s, B—AEEXEOHEIII/NVILAMBE—EEL,
FMZERRZEOBSII/NIIN AR EZREE{LI S, WTHhOBS
LN ZAFIOEEBIEED, ACROSSRIFEDHESHIBICHBNTRE
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[(ACROSS @ b do K ¥ $9 58 1F 4% ]
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VOEEXZTOI/ODOIYIIHATHSE., FMERESRLERBOD
CPUIZ, DDSOEZAITITFINERHEL LT, BEKT—
5 %8192 1 > hOEREET—YRAMMSTEAHL, 55—
DODDDSORKRBEREERDOBEATYWLS, ZOHFREE, EH
W IBEEBRICEILT 5 127850, ACROSSHEFDEELES &
ZERTHEHEINTHRTHREEZISNS,

7 S —— 1.0 ~—~—~+v1rrrryr—rrryrrr—
4 Q L
] © 1
£20.0 //‘ 300.5
]l © ¢
g ol \\\ 1 =
g 150 300
1] ! ]
= ] ¢ !
EIOO \ / z4)5: ]
: N 1 = 3 ;
1] = g
5.0 P P TS S _].0»...‘ Lol A A A4 2y NS
5 10 15 20 0 5 1015 20

Tinfe/s
Fig.1b E—# 4D EN

. Time/s

Fig.1a ZARE Y



691

C42-P08
B ¥ 5 ACROSS O 8 % ] 1
BRBES 25 A

CERAEE (BR) . WLFEHEF - REFBIEE - NIRER (BKHE)
Accurate and Remote Control System of the Rotary-type ACROSS

©T. Kunitomo(PNC)
K. Yamaoka, M. Kumazawa and K. Ogawa(Nagoya Univ.)
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PRI, FELUTERELWL (KOS5 RAFRHBIYEYE 4—) ITRE
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[ACROSS B i ¥% % ) ) D F 4]

ACROSS' (Accurately Controlled Routine-Operated Signal Source) @
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% (Fig.1) .

ISV AREERIZACROSSHERIE O 7DD 0BETHD, GPS
sy 7REMAL =V AT 2 EEGHERICEDAD. B ATFAT
I —FEERAEFMBO 2BEO/NNNAT XL —9%2EEHmLT
W3, B—FEBEHERFICFMBE2RA WA I EHTEDN, AR
BENEEMICBEVWE -FEREAEFEALEANEATH S, HE

Fid, B—BEEEEOESIT1 AIC1ELUTF, FMEEZOHSIT
1RSI BT P CICL DM 27 A IREORFKEN LT
DIEERES FO®EBEN J5° ) IIBIHBZIENTES,

BET_S—8i3, >3-4 - o ¥ HR—KREADERKR—
RBLUBELHY—En553, T23—% - ho %, Y—
RE—INSHAI NGRSV AENDI TS, GPS Y
Oy &L T—FAD 1/8000 (2.7') DHRETET Y D2
FEoN—TBIENTES, ADERR— RIIREOCORERAAT
HYD, T—FOMIEXRT) O /MEMEMBLIUBHAKDEBES %
EZA—TEHEDICHNWS,

EERESIZIE, BERBOELWPCADLANBLIUWAN
CATLAEFRIRTS. KREIUNTIZ10Base-TIC L DI N/P
CHho, B TIZISDNERRICE D LANBEHRIN/ZPCIZL
DEBET=5— - BERIEEZTS. PCE&IZ, BRHMSOES
ICEDBERATAHIIELAETHS. BEAS v FREIFHAT
HDM, EWRICIE, BEIL—H—-DMMIPCIZEHEL,
FIEE LI EREBREEREICT A TETH S,

\ IV ARSI
& |1oMhz \gy vhLavSrkL—9

)

L
Jut

cPsne

arae
\_

N RS232C «— D@ YR

g‘ I a—-¥1NX

. > U I I I

® | hovy K-k = Al
B
g ]

ADKMW #A—F )

| ATmEaHY EEINN

\__J
1
L}
;
A O

[ 10Base-T

mm— T T PR
mEOBW 2T A
LANABMRE:S X5 A

—» | SDN--- - SRR XT A

Fig.1 ACROSSH|H AT LDEE

— 182 —



9

C42-P09 KIBBIC 517 3 ACROSS BEEER

2. T A E TOBR
‘PNEBEF, BEAR. LUEME. RREE2. BRFEF . BERT.
pEELEY. PHE. BNEA. BRER. REERX. DITER
(BK 2. "#PX. *NEDO)

The First ACROSS experiment in Awaji Island
2. Analysis and results
°Y. Hasada, N. lkeda, K. Yamaoka, H. Kumagai, T. Kunitomo®,
K.Ishiharat, M. Nakatani*, M. Nakano, K. Miyakawa, T. Okuda,
M. Kumazawa, K. Ogawa (Nagoya Univ., "PNC, *NEDO)
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WD FNR
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BT AP SLRICE>THEMRL . SRAIAICELEY 2 KDEMERD 12,
BEIER

SAINEE T (L EIKEIE 25Hz, BEBIERRE 0.5Hz & . BLE KIS 10Hz, )
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INRE B hAHEE (V) FREA KEXRED
Malfunction of existing seismometers and a proposal of developing a new type of
reliable accelerometry system for reliable acquisition of across signal
M.Kumazawa, M.Nakano, M.Nakatani, K.Miyagawa, T.Yamaoka (Nagoya U)
H. Komura, A. Seki, T.Koshirai (RION) & M.Araya (ERI Univ.Tokyo)
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A calibration signal adapted for continuous calibration of seismometers
°M. Nakano, K. Miyakawa, M. Kumazawa, M. Nakatani
and K. Yamaoka (Nagoya Univ.)

BUOHIC: BEBAPRIUNX v /INARNT, P7OX AT LIZLS
THITAPHTKRALTEBOTS (8. —ARSBROTEH
IS h2) IO WEBREEDOMD L MTLERET 2 A 51T-
oo BBRIEMIIEIR S AN, ThIXREIIKTFLA-THTHY . &
BELCL B ROBIMTILICLIbDERIREh -, 700
AVAT L, BA3NMIIOADSOMBETRIRMOBHBEELETLS
HIERRDEEMEVEBET D, CCTRETH RERERIIFEIA
HES. 77X L 2RAREIKIIES % TS5-Stacker TER33 T 218
BB TAILOICEREIL 26D, WAWAEZWRF O XTLDA
BBICEREHAl. METIDICLERTHIEEASNIOT. TR
il & HIZRT,

ZBREEHEKIEES: CCTRETIREESI. AER

Jo/Hz. BEIRE Vi/V (£7:03 Ag/A) . REZARM T/s (B

BB /T = Af/Hz) THRESh I _BREEMETH S, @11
fo=20Hz. Ag=22mA. T=1sDH%ERT, ZDESDEHIL.
QICRTIRIBAXRT M ALDIKIC, f=2n+ 1D)AS,(n=0,1,---) £}
ICARANY P LR B OMBBEEBRFRINCE>TUVWIRIZH S,
FM7 70X (RE/EIZ A, 1995 ERMERRR, MBIE A, XFER) (C
EOTHEBDREEBDES *RMICEIEL . BBELBALAROREEN
ISENRFNIF— 2 #RFICEBL L S & 5588, BN LDERE
YEEMAfTCERAThE LV, ZOT7I7OXESICETh IR
BRI 2ARTHY . REESICEEhIAEBRPEELS T
Ve Thbhb, F—REBLREESHIASMBRTREICEATLD
DT, BKIEESE L TIHIRBNTH 5,

EEFMIENDTRG: ERREESOIRBEIEEIC—TEICHEDLHIC.
EETER EHAALY 1+ —:AD587, 5ppm/°C) ICL DKRETIER

LRI T, b T AAAA T Confoll § D7vIWILIIAI- 4 D (A
WREREL -, WEHOX vy TL - 31 NAANT BRI
LREFREONE VIR (25ppm/°C) EEIMICIEEL TEX % T,
ANBHRE 22mA E L7, onfoff DR 1 22 J 13 GPS BFEH D 10MHz
NIV e REIO Yy I ELI-D/ATRMBIZL ST IkHz DY TILT
BELE (F1), !

EEEAN IHz O] #a( LESEREE (v~ 275K, JC-V100)
EBEHL1°C RUHS0CICEBWAEED, LIORNXAEREESAD
(CXHTIHHERL /-, BHIRE EEIELERL BEEBITRT,
15°COEEDHDER EFE 3. 50°C TD15°C S DIWME (50°C
HA—15°CHAH) 5FAICRT, MEHNRIBETH D E13. 50°C
TIRIREH /NE G/ EERLTWS, Thbb BENGVAY
WRETOBREN TH->TWD, TIERIZBEHEN B D0, $9-0.1%/°C
THol-o MRATE, HHODROAUEL EICDODVWTHIRET 2,

<
< 22
2 oo
< ' | | | ]
0 0.2 04 0.6 0.8 1
&1 Time / sac
5 [ I | 1 I _
3
g H .
=3 4 -
L Il |l
0 20 40 60 80 100
X 2 Frequency / Hz
20
>
€ I | | 1
5 (U
a
S 0 1 1 I l
0 0.2 04 0.6 0.8 !
3 Time / sec
> B
€
35
=)
=
(o] .
0 0.2 0.4 0.6 08" 1
& 4 Time / sec

— 184 —



