PRS0 64 KIS 4 0 (2011) 243-254 I

%

BUTSURI-TANSA, Vol. 64, No. 4 (2011) pp. 243-254

ALESREMREEEZDBERIKILRA AIREME
SHEA - REEE - K)E—" - =5 HY”
E F

INETHLRTE 2 ATERBRBFERKAE (CSEM) ETITHEM & ERIUKZ R#h 7 —7

LTHEED, FO®%GIZr—71vE2HAWT
XTI EI KA & M AT 5
HELTHRAT S, 20
D, ARFFETITE SRR AREN
ZEERRETD
MO HNREHIREEITH) LM TE D,

CSEM £ T,

K72 431

RN D

I T D, 2o,

ZORR, EFEMDY
&)’CA{ZSFI’J W35z
EHBIRARIZH D Z
200m WAL 7= & T
LLEofE Rz %
hWeE, (2) ER

4, B Y & ML T HE
ZHE, (1)
LR EEBMT D Z

REIND,

(AUV) %2 A
o ZOJi TIE, WHEMIFEOERKIZ

EA{G Bz

EAF W O & & Y
L TR K LR DEH 2R TE D[RR H
£V AUV % 2 BN 725 LUy CSEM 1L TS HUKSLIR 23ME B BAES 0 g 2 Bl fE L 70 5

ERALT D
KDY DEIR D 7= 8,
,fIIO))“A.’Ct;t{ﬁWTI_-F@HET% EOFRE W E WD REAN

PV CSEM IEEEE 21TV, ZoMEx ik 2
87 88 "S j/L

sre C

FEMHbENR TV, LL, 2ok

WBEANO T —T V&

52 LR BEEMNS - TOEEERD

PRETIIIK L TRZEIA RV 2 EOL I ICRET IMNCE Y BHESEOKE S
EEFA RNV EZGREEDL D R2E
M\'%?«“U{ﬂﬁﬂ%u%%ﬁﬂf LT TORM L TRB LELH
FEEROT-BEYS MM%HLM&N%ZAHMtﬁLwC%M$®%%T
IR SKILR O 1 £ &2l 5 & 2B X0 5 ER
ERRONE ST, ET2,
EBMALNE ol AUVICE D/ A XDOEEEZELTH, BRIENHHRKRT
THHZ ENbroT,

RATRICT B &R LI
o ARMFETIL, 2.5 WL HMRY
J*ﬁﬁﬁbto
S1, 15T O

S S5 O B O 19 % B | L BA K LK O A

EMEIZ DWW T

30D R A BB 2 & THRIE B K BLIR O T (L
b5, ZhiZ
M

F—T—F:25RTET VT « f7IREFEE - CSEM - HFERBUKELEK « 4 FEBM A JEA R

1. [FC®HIC

AL, HMHEIZ T DAEA 70 T R IR i s 2 R~ B 72
OIZ, MHEEMIREIED 5 b HARR OGRS 8% BLHI
TH=7x b7 A 7 (MT ) R, NIESEEZH
W5 EREERET TS (Controlled Source Electromagnetic i :
CSEM &) R EnT5d, MT B AR O B
LHEFHTED LN AU v EBHDHA, KO

AN EWTZDIZ, EEEK S OBERS AT 2K T
KELSKHBELTCLED, ZOLIeilpKEORI Y —=
VI DOEHIZ, MT ETIETHEE T O km X 0 &0z
BEMNKIGIZE N LT LE Y, MK N EEHOFEM 7 ik
P& Rd D - L3 L, J, CSEMIEIZATIE
SHAERVWANDT, MT DL SR I)—= T D%

BEZTDHIENR, O CSEM IETIE MT I T
AT D & AN LIRS IAL T 7 ED OO AT AN 7 AT

2011 4 4 ) 19 WIEURSSZA
NS (NN R Mot
T 615-8540 411704 4L X L fil N7k

201146 )] 1 118

¢2011 SEGJ

243

05122 el (o [k 22 4~ ’“:ﬁ‘f\) I SRS T A K



244 RN T 64 B 4 ) (2011)

WA AT 2D 2 EMTE D, Z0 TG, iz
AT D400 - KERHT AWMAITEAZIN SR TV D
(Constable et al..2007; |114&,2008; Constable, 2010),

AT KIRIT AT 70 O, HEAEILIMFIT I 0O 42 I 5 I
SHILHMNERE > T D, ZOHIE, WAoo IERE
DRSS T, BIBEROTEIMERL T DHI2HT
5, WHIEGEEKD S 5, kLA IR TV 0L
IREAKILIR T D, MHERAUKEIR &1, <~ 7/ =iTdiie L
IR EE SN EH L TE M PR, MRS G TIfEK
QAR AR 2 | R gl v N N LR A S I A
B - g0 - WiER - A E OSBRI U TR SN IEIK
ThbH, ZNHITIZN DAL T AZLBREENTEY,
FRAT AR B E ST W5, HEEBUKELFE O F /%
WA D= 011E, B L TORE & Bk, EREA 2
EOYPIEREHINIC L D TH WS N EETH D, E
B R BVKILR IZ B WO T H RIS IR Thh o TR
D, J—=TATAENNTT « =a—F=TMHhTiTo7=

TEMEIR A (% 2 N TAT 58 & 5 5 )ik : Kowalezyk et al.,

2008) MlE LTHEIFHND, Lo LIHERSUKILE ~0
CSEM LD RHIZ N ETIFEAERITENTED
T, BEIEEZ T o PE RS SN TRy, ThET
HESA OMEEEBOKSEIRIZ X L TR, RPEEETD R 3
TBREALR— Y » FRENThN, #5097 Ht
67345 & AL4A 8 TV 5 (Humphris et al., 1995; Von Herzenet
et al., 1996), F ADEIOVFERBOKILHEIZA L TY,
e NI R MBI BV TR — U o I TRE S
TFonEH TN D, ZIVE TOFAD S IR B UKL
B DLEPUEIE, W L » THEHHEOmR Y 235
L0000, B XD BEWESERI SN Z LN
L2255, FHlZiE, Von Herzenet et al (1996)iZ & 5
&, MHEBGKILR O LB UEIT 0210m TH D L0 H
e D, FHOO RO IKPEE 2.35Qm, ifEK
DL 0.30m EHME XN TE Y, KB KILE D
AP AL & 0 RV EEIRB A R L TV B, CSEM
BEIZRBOTE, A% ET HMEDILIIDENNI L D%
EHEESO R E - WigE AT 21T Y, Tolk
&, MR BAKSLAIE TIR R PUE St S d Z &,
CSEM IENEHFIRETH H Z LN RIE SN D,
INETITONTEWERIZEIT S CSEM IETIE, M
A E B RATR 2 [Wdh 7y — 7 L TR, 2ok hicy
— 7R TEEEMAE AHT 2 XA HO SR TV
72o L L 20 )i K TITMHER B KRSER OB SN 5
FL=—RRHNT THE L\ > T2 K/ NOHEE MU OfAR O
To O, MERM7 6 7 — 7 0 Z i L CRAL L 22 i iz
BV, ZO7ze, EK ) TIRIIE FEC T oM A
EOWHMELHI S WE WS IIMLER S 1=, F 2 TANF
JETIL I e ARV AUV)E 2 BHOV 2l LW
CSEM M A17 ) 2 L TIOMEIAZ WM 2 2 & &4

L

Sea water

Sea Surface

Receiver AUV

Fig.1. Conceptual diagram of CSEM survey using two AUVs.
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Fig.2. Conceptual diagram of 2.5-D simulation.
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Fig.3. An eight-node isoparametric element.
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Fig.5. Validation of FEM code comparing with EM1D.
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Fig.10. Simulation model for moving two AUVs. “x™ indicate

the transmitter (source) location.
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Fig.12. Simulation model considering the bias noise due to
positioning error of AUV (positioning noise) and the

vibration noise of AUV (moving noise), respectively.
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Table 1. Summary for feasibility study of marine CSEM for SMS
explorations. The two moving noises are reported
with/without stacking. Hatched areas imply less sensitivity to

the SMS under the modeled situations.
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Feasibility study of marine controlled-source electromagnetic sounding for
submarine massive sulphides explorations

Naoto Imamura *, Tada-nori Goto", Junichi Takekawa” and Hitoshi Mikada

ABSTRACT

In conventional marine controlled source electromagnetic (CSEM) survey, we need a vessel towing an electromagnetic (EM)
transmitter near the seafloor using a long cable. However, in practice, we must tow cables at some height from seafloor because
of rough topography (e.g, chimneys) around submarine massive sulphides (SMS). Therefore, it is difficult to get information
about shallow sub-seafloor structure. In this research, we propose a new marine CSEM method to solve this problem using two
autonomous underwater vehicles (AUV). Using this method, we could keep the diving two AUVs much closer to the seafloor
than in the conventional marine CSEM, and we can effectively carry out the exploration of the SMS.

In CSEM method, the behavior of electric and magnetic fields are determined by the arrangement of source dipoles against
survey target. Therefore, it is important to consider where to place the transmitter and the receivers to the structure including low
resistivity anomaly. In this study, we discussed the feasibility of our new two-AUV CSEM method employing a 2.5-D FEM

forward program for solving EM propagation near the seafloor.

Our analysis of electromagnetic field has revealed that the received electric and magnetic fields become weakened steeply
as the offset from the transmitter to the receiver increases when the source dipole is placed near the SMS. We have also found that
the change in the amplitude of electromagnetic anomalies decreases in proportion to the thickness of the SMS. Even in the
contamination of noise, we found that it is possible to detect the electromagnetic field for about 200m offset. Our numerical
calculations yield the following considerations: (1) the location of source dipole and the change in the amplitude of
electromagnetic anomalies could be used to detect the rough horizontal extent of the SMS, and (2) the attenuation in the
electromagnetic field could indicate the rough thickness of the SMS. Therefore, our study implies that the proposed two-AUV
CSEM method would bring a way to detect the electromagnetic anomalies caused by the existence of the SMS.

Keywords: 2.5-D simulation, finite element method, CSEM, submarine massive sulphides, autonomous underwater vehicles

Manuscript received April 19,2011; Accepted June 1, 2011. A part of this paper was presented at the 122th SEGJ fall conterence, 2010.
* Kyoto University
Kyoto-daigaku-katsura, Nishikyo-ku, Kyoto 615-8242 Japan

<2011 SEG)



