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Abstract

A new electromagnetic sounding method called EM-ACROSS is proposed by Ogawa and
Kumazawa [1996]. The characteristic feature of this approach is the use of accurately controlled
electromagnetic waves to determine the accurate transfer function between source signal and
observed signal. Upon developing the hardware system of EM-ACROSS, the first field test was
carried out in the Tono area. The transmitting test and trial observations with a rectangular
wave signal from current dipole showed that the system worked well up to 100Hz. Data
stacking represented the reduction of the observation noise as accurately as theoretically
expected. With stacking for eight hours, signals were detected up to 30 Hz at a distance of 3km.
Whereas the results obtained so far are preliminary, the ACROSS approach is thought to have
potential for underground exploration and monitoring.
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1. [FL®IC

7 2 v X (ACROSS, Accurately Contfolled Routinely Operated Signal System) I3,
FEBEH S L 7 PP L BRI 2 O THUT R & = ORHIZ BN AR 5 72 OPFREE
BETH L, TOHETE, BN SR O BRI 2R i m g CEBRMNICBR T 5
ZLTZOESERRT 3 &L FOHEE LB LWTOFEREEDEL, £h5
2 SHITN %KY 5 [Kumazawa, 1998], O & 5 IKHBICHIMs hicEEETERV
TEBTENAITY &k hiko 3 -0FS4182 [Hilfh, 2000]. 1) ZEEEE
MEME LTHOIRA S, 2) @0 S/NRHOF— 4 2HUETE 5. 3) #iE - Utk ONZE
{LOBRIMNTE S, LB INODEEEEL LIZHTER Y X7 4 & LTOEY % BiE
LTWa,

TIRADS L, WEREAERWAHIERT 7 0 210> L TIRSET L THIESED ST
BY, LELEZATRESEHICEFEE N TV 5 [Kunitomo et al., 1998]. 72 20 tonne-
force k7 7 v ABFHAEH VS & 100km DEOBMSE CESHHRTEIHREDRE
fEnEm-Tuwad [EkR, 2000].

—%, B ERW T OBSNIE AR 2 BRI T 7 0 203, /NI - A&E [1996]
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K& D ZOENIRES N, TOEETFEOEME TDEM &#173 &BHFEOBUHREE &
ORI, BEUftr [2000] cFEdonTVWE, LOLEHT /70D =Ry 2T vR
FAORREAHRRIINTE ST, CORHEH EOMBESOEEEBRNE STV
Mot ZITERARBIOBESARRTZEE b, MEET 7 o xHICHREEh
frO—E %I L CEM T 7 0 20FAE{T-72. £ LTT7 7 o 2»HIETREESI L 72
BRI DIE(E L BRI OZELARIC L, B HEOESIERE B IcEH S
T EERENDT.

AKX D2 TR LB T 7 0 R VA FAICOVWTHET 2. X510 3EICIIE
B TIT - 72X EFEROERAER S, RBRICAFITEEEERICL > TEONRES
25 OFHHRFEIC DLW T DERE L, HAEREE & U TR L aiedc X 2 EREFHOIRSA
IKDOWTEET 5.

2. BH7I0XVXFA

B 7 7 o2 TR, TBEHEOIRASEET 2818 [Eafth, 1998] ©H 2 B &M%
RS T EAEZLBUERECH L. T/ ORYRAF ATIZRD 4 D OEERLETH
5, 1) EZEFEENBEVIKEIILTVWA T &, 2) FEESMEFECHEBShTVWE T
L. ) ZEAGETEEV S/NHTHRIET 3 2 &, 4) 2DESHREBEYNCERET 5 T &.
AEITR TN S DOEMAER 2T RS NI FEPORNC > LT 3.
REDEWT 7 0 R v R HlE, BEEREE O 720 OfliHLEE, Hirhic B % ik
Aikds, XEETevy—, T L TCZERESOLHEEEN 515, UTFcRIEKRY 7 o
RATHRITU TR L 2 HIEZFATE 3 100Hz I TORBKTCOBH T 7 0 2 VR 5 4
D & DB 1>\ THAT 2.

2.1 EEHNEE

EEZEROEIAD /2% 12 GPS (Global Positioning System) #it% W 5. GPS BEt
ZHWS LHER EDO E T TH UTC (Universal Time Coordinated) (o3¢ L THE Lu ¥
VINORECREMA & 5 &MTE 3. Yamaoka et al[1998] (3, T & AFMA LHE
77 a207Hic GPS KEHEFA L IcHERBO .o 0B 2R L k. 77 o
ZTHEICL DI UTC ICEHL 72 10 MPPS (Mega Pulse Per Second) #Hi/1&a# 53 C
EDTES GPSHEIZMVWE, COIOMPPSDES%277 v/ vVavYzrb—s0DY
A LN=R&ELTHY, LYEHETL2BEELLHEESE 7« Oy VESE LTRE
SEBWEEMELL 72, AFEOF X + TREFHED I, —ERIEHOELRIESEH
Wic, 2 LTI ORFIMIETER S 2, ESIIELIAM v F v JEBICATILK. C
OB I LE(LERBLESHICER T 5 $ D TH % [Nakajima et al., 1998]. ZE{LE
RERICE AN FY) —F 9+ =P % — D WE 12VX4 HOBEH DNy 5 ) —2AWTH
H, XAKHAIEE 8V, BHRSATHSE. QRS v F Vv FEBICLD 77 v vay
VL= hoDEEHESTEEL, ROBHIMETHEIE & A4 2.

2.2 ERLEHRSTHEES: HEEE

MBI DX E 1 E, BHEBMICERART BRI K- vEBV, XEERI
RN I IC PR A TE 30 AS A L HIC S AEE L (W), 0 3 HIZIE
BLZ 100m 3 AIEOTALFICAIET 5. PEllo W EfsldlEELor — v v 7 k8, fL
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Fig. 1. Location of grounded electrodes for current dipoles and receiving points. The
stars in the figures to the lower right are the positions of transmitting electrodes in
Tono Mine, Gifu Prefecture. The solid circles are the observation sites.

X100 mm, HIFRM ST 6m OENCAIE T 2) 2/, JLERED N, S BRI IFER 20
mm, K& 12m D2 F ¥ b A A BT SRR & R85 15 m (R 8 AT
HiA%, TERREZOEHIEI =S P 5 L5k,

HE LR EEHROBMA v ¥ -5 v A OFEEEEEAR 2 1Rd. g v -5
ZME G, e AE: (BIAEE, 1993] cht-> T, BiZEMm s ftho—& s offjos
M, BLUEY O—i & OBOBEZNE L TR, BIBEEHEORIEICIE NF [
7o w 738l0 Frequency Response Analyzer (NF5090) =HW/, A5 v L REBEEH
W ER (N & STER) oA v v — 5 v X GHIEFEF D 0.1 Hz~2 kHz O &
NTI9QMS 280 TH -7, £ 1Hz &0 EOERETIEA v E—5 v 2B8INL
(DA TV B, CHRETRIEE K UIGEBENEN THN 5 WH0 RO R SMER
WEEIERELSEN D EMEITE, Van Voorhis ef al[1973] 284R4& L 72D & [E 7
HRBEBEETRE L &b b, r— vy FERALAER (W) Tl 0.1Hz~2
kHz ORIERBHAN TS v E—F v 2B 5 QB E—FEL T, LI XRTCORELR
ZBWT, BWEBKRTMENENTVS, Thidd v 57 7 v ROMBEISEN TS T
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Fig. 2. Contact impedance of the transmitting dipoles.
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The results for N, S, and W

electrodes are shown in (a) and (b), (c) and (d), and (e) and (f), respectively. The figures
to the left (a), (c), (e) show the apparent impedance, and those to the right (b), (d), (f)

show the phase of the contact impedance.
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ERRLTEBY, ERAEATOSEr— 7»&8ﬁ%@?%5&%26ﬂ5

ERRICBRHIREEEZITO RDOBRIA £ —VEE-EAITR, Th oo v
E—4v20fs, #HoEHEICLEA v E— &/X%Ab%t§®ﬁﬁﬁ®ﬁﬁém
5. ZOAMOEEBIKEED D ICREEENELC CE0b 5. F R & HIcZE LT
BulfEthkiid b, Z CTHREFEEE =9 —F 5 LDICRES M R—VOBEBMEELE
fiEiiERd 5.

2.3 REESEVY—: REER

BREEZEHEE LTR, BTN ERGHROMASREZ Sh 508, SEOERICE
WTIREANCE L RS v —RHTE - 0T, BEEE»SHBYEIEEL
fo. ZEv v - 3EMERE Y, BEBOBMETZEETRAE L. T o
%W&Lf 8 - F@ﬂ%%mﬁ% SR EH WS, EREOBRTIEIC OZEE RO €
=& L TOREEEEES 4 XE GBS L2 39 TH 508, BHIEE TR ORER
REFTH5. ZEEHBOHHRBNE L IR LBONEDT, ROBEMETIER
ROBEHEBEEEHH S ITV W EZEZ TV S,

2.4 REESORLBEE

AR E LT, BEEM 1995113, #x £ RHEP S SIS, EBOBERA R RS
OIRNGE - ARG & B 4 1T & 2R 22N E IR A 50 2 i X B AL iRET
(TS-Stacker) BRI, OFHFTITWE, H2HHXET 07— 5 2FiE LT
Ty FVISLTVE, X8 v+ v IHEROBELRELTVL,. TORY v F v 7ITkD,
T8 LB o e B n OB A S, FHEH /T oF53NEs 1, £0&5
RiBE = 4 v+ v 7ERICHAI L TNT 5. —hH5 v 5L/ 4 X3RS v+ v 7HEO
SEARICHAI L TN 5. 20, EX TOF—- 87T, n/T ORBEKA I G% T
O HICHBI L 72 S/N HTitid 5.

R MR OERH 7 7 0 2D%Z(Fi, HEK 7 7 o X SdhloiiiFit w5 C
EMTES, (LM [1997]1F, AT 3D DATAMARK LS8000SH 4 BIX &R
FtE LTEFT 57 » — 49 = 7TEBS L. AR T, ORI O 729D ICFA%
M7z TS-Stacker ZHWTEZEESEIH L. TOEHEEIHI, 27 v 7 EEXKEOR
BEBEICY 7Y Yo7 oy 2 ORBZIRIENE S, UTCITH L TRIEAE ST
%, AEERTIE, HBEXEE 200 & L, 2005 T S ICEEREXTHONTED, &
DRV ¢ DR, S OBZlo T EHEIC o mnwWEEL o NS, T,
3N T —REID T~ 7 4 Ny PFEEFRHCHBS N TEBY, #v b A 7 BB
ETEBLHITH-TWVE,

3. EZEER

AIEICEE L e k2B Vv A 5 AR WLTERET - /2. XE Y R 7 L RIERE LI
LT 2 BRI EE L (D). #ELTR, 05Hz AomEEE%: 54
A= VBUCICE U 72X EBmAICEA 4 3 & & TEBEARE S, K1LIRL3 A
DEMD S BN & W EHmEROVIIGEOBRELTICRT

ZEMAIER, M1IRLASATH S, OO, IRE 1 7 VBAZEHHE -
BB v 7 — ORESEFLAM (DHS, DHY, F) SEHEKIE (K) L UOHE RS v
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Table 1. Observation sites.

distance from type of distance between low pass high pass stacking period
Name the source(m) electrode  electrodes(m)* filter filter of time (s)
K 200 copper rod 13 none none 200 (200x1)
F 420 copper rod 15 none none 200 (200x1)
DH9 1400 copper rod 23 (N-S) 30Hz none 2000
17 (E-W) (200x100)
(o} 2200 copper sulfate 40 30Hz 30mHz 29000
=copper (200x145)
DH8 3200 copper rod 23 30Hz none 20800
(200x104)

*: the distances of North-South and West~East electrodes are the same except for DH9 site.

5 =M (C) Th s, BERSTEHTE - fitARO 2 A OBREZNE L 2. ZEES
2 200Hz TH 7 ) oL, 2000 &ICF—IDRY »F v I 5T-7. Bills DHY,
C,DHS8 TIIEEH 100Hz DI LD/ 4 XBKEDH 72D T, TLfFETNEDO o -2 7 4
7 (30Hz) 2R/, £HERENAED - s C T, EstoA iz v 7 v
FEFAL DCRSERE L. T3 v Fy4—Ic X 5EMEREIE 30mHz T 5.
INSDT 4 VI DEEBFEES SMUDRIEL TBE, 7— 2 PUEFRICHIEZETTS.
17 40y, Bl EEREROIRTEE ED.

3.1 =EEES

F9, HEESHRE LB ICHEISN TV ErETN, MRk 5% EE
=8 — ISR LAcBREEERD & 5 FIERTRHSEZEZ TBY, B 05Hz TH 5
CENTEERTE B, BEOWENSIZIFIERESEEZEE L TVW30IIHL, BHROEEIEP
PEATEY, GEIPORE->TVWSE, ThZBESSTEOMROMRET, K2 IRl
oA v -5 ABEREBEITREL B> TVWE T EITKE. TNoDEERE
FDRRY FERS (o), (@) R, BEBELIET, HRGEREIGEVEETH 5
DT, FEREHE 0.5 Hz Oftc HFEIRE TN 1.5 Hz, 25Hz, 35Hz, - AHN 5. A&
EAI LA ORI 3 /A RIck B DTH B, HEEBE - Eidtic / 1 ROty
HIL NV EEARBERTOES L AVED b SHARERVL. 20T EhoEEESIII
EAEIAZXBEZNTOVRNWI Ebh 5, &5, BERREEREIO 2 ~2 + vat
AKLTHEE (K3 (o), (f), 05Hz AN EH L, 3HTDOME OEBERILIAN 510,
COTEICEVEEESDT 2 VF -DBREBOREBRESNZEA SRR TRV &M
DB N THIAEREEGEEFEEATE TV T EMNHETE

3.2 REES

ZERD DL, FEED»S 200m BN ZERSE K & 420 m BEN 72 BS F OZ(E85
AT OVTES BT 5, K4 (a), (b) BLURS5 (a), (b) 127k L ABEOFEILRS
L WP DIRERTI T 0.5 Hz DEIRIEES 0BT 3. BEIRORBED >3558 7
TVEDE/ A XWEL>TWEEDTHD, TDIBEALEIZI0Hz OFABEICES b
DTHD, TOZFEFEBTDRARI P NVELKDLTODIT, /4 XN 7—Y) i 3E
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Fig. 3. Applied potential and driving current between N and W electrodes. The
temporal variation (a), (b) and their spectrum (c), (d) are shown. (e) and (f) are
expanded views of the spectrum around 0.5 Hz.
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Fig. 4. Received electric field at site K (see Fig. 1). The figures to the left show the
North-South component, and those to the right show the East-West component. The
upper four figures (a), (b), (c), (d) are temporal variation, and the lower six figures show
their spectra calculated from 200 seconds of data.
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RS FNARSY 15Hz, 25 Hz 2R L TH 5. £/ 4 22> 0WTHE, Th S ORFIEEES
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Fig. 6. Received electric field at site DH9 (see Fig.1). The figures to the left show the
North-South component, and those to the right show the East-West component. (a) and (b)
show temporal variation, and (c) and (d) their spectra calculated from 200 seconds of data.
The spectra stacked for 100 times are shown in (e), (f), (g), (h), (i), and (j).
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Received electric field at site C (see Fig. 1). The arrangement of the figures is the
same as in Fig. 4. The data were stacked in 145 time segments of the 200 seconds.
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Fig. 8. Received electric field at site DH8 (see Fig. 1). The arrangement of the figures is
the same as in Fig. 4. The data were stacked in 104 time segments of the 200 seconds.
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Fig. 9. The signal amplitude against the stacked period.
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Solid lines are the signal

components expected to be constant after stacking, and broken lines are the noise,
which is supposed to decrease with a slope —1/2.
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Fig. 10. Signal amplitude against the distance between source and receivers. The 0.5 Hz
signals are used for the data, which are reduced to $=90° using the relation (2). The
broken lines are calculated from the uniform ground model with the 6=10""}, 1072 and
1072 and relative dielectric constant is equal to 5.
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