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Fig.1. Schematic data-acquisition configuration of VCS.
Vertical arrays of hydrophones are placed on the seafloor
and compressional waves propagates through the water so

that the configuration becomes similar to that of VSP.
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Fig.3. Survey map of VCS experiment in Lake Biwa. The solid circle shows the location of the vertical cable. The solid line
shows the 2D VCS shot line of 1.5km length. The hatched rectangle shows the 3D VCS shot area of about 500m x 500m.

The conventional surface seismic lines (54-2, 54-8) are shown with open circles. The vertical cable is located at the

crossing point of line 54-2 and 54-8.
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Fig.10. High frequency acoustic source mounted on
JAMSTEC Deep-tow 4KC. White arrow shows the

source position corresponding reflections.
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Fig.11. Observed waveform and amplitude spectrum of

the high frequency deep-towed source.
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Fig.12. Left figure (a) shows the top view of the survey area. The lines show the shot lines of deep towed source, which are

determined by SSBL. Solid square shows the VCS location determined by slant ranging from ship at the four calibration

points (Open circles) Right figure (b) shows the depth section. The depth of the deep towed source is determined by SSBL.
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Fig.13. Common receiver gathers of the field data. Left figure (a) shows the top hydrophone records and right (b) shows the

bottom hydrophone records.

Top Hydrophone(Chl) Records

Bottom Hydrophone(Ch8) Records

0.04 |
L

Direct wave |

0.06

0.08 -

0.10

0.12 T

0.10 -~

0.16

Recorded Time (sec)

“1 Retlection from seabottom |

014 T

0.16

0.18

020 T -

Recorded Time (sec)

022 Ty

1bbottom reflections

(a)

Fig.14. Common receiver gathers of the processed data with band-pass filter and deconvolution. Left figure (a) shows the top

02 ) 7

(b)

hydrophone records and right (b) shows the bottom hydrophone records.



276 PEEA U 64 BRI 4 1) (2011)

il & L TUFEE 3T 8T D,

Aok 2V ARSI FEEE N BT VCS O U+ A MY %
FEHL 74—V VT 4 ALT & LTOIRILHNE
TR L, FAA LRI OH PR GO @ iR AR TOeR
Va—AL#fG30 N TE, ZOMBEEZITT, FK
22 IR A IR o AT 4 2 ER ML, RIS
BIFD AT LPERE - EAIEMR &R LT, WEECEUK
IR ODTFLER AL S 41 D MBI R o W TR AL
BEIR A P2 WE R 2 St U 72, ASEBR T, B E
T BKEE 1,000m TOREBEDEA - BTk, N—T 41
HNr—TINONLEDFHI T E AL T H 2 LN TET,
F72, VCS ¥ A7 L LMHERAURIMOMAL S HhETHT
— & UG T, 7K o B R IR SOV i S e S D A O
WBETHOORPKEZ ELXTEY, BEHUKILEIE
ET DIRMBRE FICBWTH T — Z ISR E A -5y 0Pk
AEZ - CIERNZENET D 2 E MR T& 72, 4141
WANWASZRBIZELE T, A VCS EE Y AT L4,
A R 7 R, ER L ORI L DR
IR, AKPEFBEEEESTZ VAT LKD) 7L
BALDE=ZZ IV TREERTIL, VAT LO%R%E
THOTETHD, £z, WUIRERENSA—T 4 WV —
TLOREREHYE L L0 SMEREO MO THESEHRE % £
Hy 308055,

T AT, BIRNMUNA R a7 4 v O ER S
72 EDLHMIRT R & HBEOM RS, VCS (2 L 7= ifE
fiflT, ~A 7L —a VRO A LETH Y, Kip
MIGLH I ORERE B WA« BT OMNL e & 63 7=
F—=BZ NI AT LMEEERDVLENRH D, TR 23 i
BEGE, i MRne 2l AR &AM G o T AT & MR
W& FL A R T AR 0O OO SRR N A & Ll L T

0, T2 A - PRENT & TR 7 VCS SR 2 fifl
VL, EIHE#EIKD 7ETHD, SHIZ, My~
JH& Ui, VRIIERETIERT M50 m & Wy 72 LR i
HONZIRAET D A Z g K L— MERRTORHE 2R IE
IS IG I WA 5T L TR Bk e B HN D,

B

AAFSENE, WK 21 AR & 0 BRAA Stz BB R THE
PER IO R M i 7= 3y — L M3 T e 7T L)
DT, W% - HEEZED TWDH LD THD, Z 2T
LT, GBI EICHEERLET, 7o, AUMMEEHE
LTV D RUEBKSE, MEEENFSE D IR REART, dUr K5 KRR
WEERFGEIT,  WOR KA FER TR 7T T O L RFSE 4 0 5
FRiCHEEZERLET,

Z & X M

Ikawa, T. (1991): Die knozoischen sedimente des Biwa Sees
dargestellt mit hilfe der reflexionsseismik in Die
geschichte des Biwa-Sees in Japan, S. Horile, ed.,
Universitatsverlag Wagner, Innsbruck, Austria, 40-57.

Krail, P. M. (1994): Vertical cable as a subsalt imaging tool,
The Leading Edge, 13, 885-887.

Leach, P. (1997): Strathspy vertical-cable seismic survey: a
north sea first, SPE Abstracts, 333-347.

Ikelle, L.T., and Wilson, R.J. (1999): Potential impacts of
vertical cable (VC), The Leading Edge, 18, 1154-1157.
ARt - kR (e C - i (2008): HEms i -k, Hhss

MRk 117, 863-869.



PRI EDS o 23— ¢ Tpv A =—=700 7 XD H e 5 (VCS) o [ g

Development of vertical cable seismic (VCS)

8

Eiichi Asakawa ¥, Fumitoshi Murakami *, Taku Okamoto *, Yoshihiro Sekino *, Hitoshi Mikada*, Junichi

Takekawa™ and Takuya Shimura™

ABSTRACT

The vertical cable seismic is one of the reflection seismic methods. It uses hydrophone arrays vertically
moored from the seafloor to record acoustic waves generated by surface, deep-towed or ocean bottom sources.
Analyzing the reflections from the sub-seabed, we could look into the subsurface structure. This type of survey
is generally called VCS (Vertical Cable Seismic). Because VCS is an efficient high-resolution 3D seismic survey
method for a spatially-bounded area, we proposed the method for the hydrothermal deposit survey tool
development program that the Ministry of Education, Culture, Sports, Science and Technology (MEXT) started
in 2009. We are now developing a VCS system, including not only data acquisition hardware but data
processing and analysis technique.

Our first experiment of VCS surveys has been carried out in Lake Biwa, JAPAN in November 2009 for a
feasibility study. Prestack depth migration is applied to the 3D VCS data to obtain a high quality 3D depth
volume. Based on the results from the feasibility study, we have developed two autonomous recording VCS
systems. After we carried out a trial experiment in the actual ocean at a water depth of about 400m and we
carried out the second VCS survey at Theya Knoll with a deep-towed source. In this survey, we could establish
the procedures for the deployment/recovery of the system and could examine the locations and the fluctuations
of the vertical cables at a water depth of around 1000m. The acquired VCS data clearly shows the reflections
from the sub-seafloor. Through the experiment, we could confirm that our VCS system works well even in the
severe circumstances around the locations of seafloor hydrothermal deposits. We have, however, also confirmed
that the uncertainty in the locations of the source and of the hydrophones could lower the quality of subsurface
image. It is, therefore, strongly necessary to develop a total survey system that assures a accurate positioning
and a deployment techniques.

We are planning two further field surveys in FY2011. One is a 3D survey with a boomer for a
high-resolution surface source and the other one for an actual field survey in the Izena Cauldron an active
hydrothermal area in the Okinawa Trough. Through these surveys, the VCS will become a practical
exploration tool for the exploration of seafloor hydrothermal deposits.
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