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Portable Multi-Channel Seismic reflection system

Seiichi Miura'**, Makoto Ito*, Yuki Ohwatari?, Satoshi Tsukioka?, Mikiya Yamashita',
Yasuyuki Nakamura!, Tetsuo No!, Narumi Takahashi!, Shuichi Kodaira'

Multi-Channel Seismic reflection (MCS) system is a seismic system exploring underground structure, which enables to image
of underground structure analyzing seismic signals reflecting at layer-boundaries and faults. Japan Agency for Marine-Earth Science and
Technology has been conducted seismic surveys for understating seismogenesis using seismic systems. Nowadays objectives for seismic
surveys have become broader than ever so high resolution imaging is needed. Moreover, seismic system loading on various vessels seems
to be required for the survey in the special waters such as shallow areas or arctic sea. To fulfill the new demand, a Portable MCS system
was implemented in 2011. Acquired data is in good quality to confirm the realization of the intended high-resolution structural images.
Moreover, detailed structural images using the Portable MCS system were acquired around the toe of landward slope of the Japan Trench,
contributing to the proposal of ocean drilling stations (or points). Since more seismic surveys using the Portable MCS system are scheduled

in the future, the system will be used more frequently and widely.

Keywords: portable, multi-channel reflection, seismic survey, high resolution, site survey

Received 4 October 2012 ; Revised 21 November 2012 ; Accepted 21 November 2012
1 Institute for Research on Earth Evolution (IFREE), Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
2 Marine Technology and Engineering Center (MARITEC), Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

Present affiliation

a  Nippon Marine Enterprises, Ltd.

*Corresponding author:
Seiichi Miura
Institute for Research on Earth Evolution (IFREE), Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
3173-25 Showa-machi, Kanazawa-ku, Yokohama, Kanagawa 236-0001, JAPAN
Tel. +81-45-778-5396

miuras @jamstec.go.jp

Copyright by Japan Agency for Marine-Earth Science and Technology

14 JAMSTEC Rep. Res. Dev., Volume 16, March 2013, 13-21



S. Miura et al.

1. 3L

CVFF X v AVEERE (MCS) VAT A, HERICE
A TREEEZTHIL ([ X—V 7)) $63 274 (B
EHFEEV AT L) OUVEDTHDL, H—b LIEHOT
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TEF), AMN)—<—Fr—7LVHADONA FO 7+ 255
TRE*ZETHVATLATH), ZOREFIEETOH
BB CWIE 7 & TR AT AT 5 2 L 12 X5 T
HWFRRED A A= v FSuRe s % % (Fig 1), HEFIZER
ZEH%HE JAMSTEC) TlX, Ml b 7 7R HARHRES I B
% MRS A AR, O/ NEREE BT 5 SR R
PRI E % BIR L C, e SR A7 212X 5T
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EENTVWDE MCS Y AT 4, EEBEGFHIHO Y > 7)v
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&% . OBS & B\ 7GR T A 7 A D HLE % Table 1127R
T INHIZE o TEAADIRET L — b EHRRR 7L —
MNEFUZ B B LA A GHEREYIE OIEE  (Tsuru et al,, 2002)
REERT L — P OEROKTF, SIEETEOSER (Pak et al,
2002) B L O EIHGEEOT S & OHE(L#EFE (Kodaira et al.,
2007; Takahashi et al., 2007) 7 &', % { O ME ST
L. D X)L, IhnFE CIREICEEBERRESE L H B9
5, HFFTER LI~ » ML SIE IR 2 T o T &

720 LA LETIC % o C, BREAE oW G B A A

eI 72 SRS EIEIEZE 0 M IR E O 22 VRl Z & 1
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DU TIRD LN TS, Tz, PRSI R R iR,
BUkiZe ORI CORELESINL 120, Sk
MAANER S D0 EA B L. O &) BBl 5, JAMSTEC
TIEIMBMOBIF %2 =T R W MCS T A T A DEA %
To7z. G5 =7y MEELRD LN HFREICIE U
T, YATARMBNGT TN, R TIE R MCS & A
T LAOMES LY 27 2RO L, WUST— & Bl
OWTHET 5.

Tail buoy

Streamer cable B\ A

Fig. 1. Conceptual diagram of MCS survey.
M1, <NVFF v v R OVEEHEREEO MK,

Table 1. Seismic systems of JAMSTEC.
£l JAMSTECOM&EHRA Y A T L IR,

Seismic system Kairei-MCS Kaiyo-MCS SCS Portable MCS
Vessel for R/V Kairei for R/V Kaiyo portable portable
Tareet sediments-crust- crust-upper mantle seafloor-sediments- seafloor-sediments-
g upper mantle PP basement basement
Source 7,800 in’ 12,000 in? < 1,000 in? < 1,000 in®
Large and impulse Large Small Small
Compressor type 72m3/min 22m3/min 2m3/min 5-10m*/min
P yP built-in built-in portable portable
Streamer cable length 5,550m 300m 65m 1,200m
Channel number 444ch 12ch Ich 192¢ch
Common depth point
(CDP) interval 6.25m 12.5m - 3.125m
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Portable Multi-Channel Seismic reflection system1
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M SN T2 (Fig.2) <IERS, S, Feor—Tav
DO FEEERLIFNTEEEIL T RO v 7 FPIIERE SN TE D,
AVTFITEREET S, FOMDOEED 7 L — VEORM
TALICL BMEDSTTRETH ), A B Wit &
HoTWh, EBHANII4-TATH Y, [ MCS &
AT LR [PV E 9 IMCS ¥ A5 A TOEH AEI10-13A
W L CERREE L 20 5. TN MCS & A 7 2 O HER
TZERs T4 S ] ~OFBHBFIL Fig. 30 B THLH. VA
T LEWERE Fig. 3(a) 7> 5 Fig. 3() 12, Bl eR%
Fig. 3() |27 9. JAMSTECHHD 5 &, [Hwnd )] [H5
W ZIIFERGEATH ), RIS SE RS L2
T IO HERATRETH 5. [ v ] REihffgEss [H
B idar Ly —ab b, arTLyi—L
MR L GERWREE 2 5. WRERETM [H2oLF] I
FEROEGESALHIRTIEI S L v —%2BET L2 &
WTERWYS, EEMNKRT L2, BEZIV Ty —%
HETISEHTREE 72 5.

Wk MCS ¥ A7 A DI AN DWTIL, 20104EFED S
DR SNz, BAAS Y 2 —)UiE Table 20 & 51 . 2010
SEFER A S201LEREIZ AT TEA, 20124EFE 123X BE ] %
BTG L, 20134EEED O AN EH T2 FECTH 72 (B
#). T AU JAMSTEC Rl CHE— iR A DS BE % [A 5
W2 & bR A SFHICE W TW 2o TH S, L
P LBRT 5 L 912, 2011453 A 11 H OFALH A A 0t
B4 EZITC, BRI COBREIRNIEIE 2SS LS
D, PEEIEREIREO 12D OHERTFAL T — 7 BT
MCS Y AT LADEHPEF SN, TDDBEART
Va— ) VEREIL L, 20114EEZYH S FAHE T OMEH
MG L7z R, BALEOFEIZ DWW TId ik § 4.

GPS antenna _Winch

Tail buoy

Streamer cable

y

-_ o

: Navigation

. Source
: Compressor

. Container Laboratory

O EE@O

. Seismic processer

Fig. 2. Schematic figure of Portable MCS system.
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ZARERIEA M) =~ =7 =T (Fig. 3(a), REMEL
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Fig. 3. Embarkation of Portable MCS unit. (a) Streamer cable with winch, (b) Depth controller (bird), (c) Tail buoy, (d) Airgun array, (¢) Compressor, (f)
Laboratory container, (g) Inside of laboratory container, (h) Example of embarkation-on R/V Mirai’s back-deck.

B3 WHEMCS Y A 7 A OFBH L K. @) A M) =~ =T =TV BLOYA V5, b) ®ERER OS—=F) , @ 7-IV74, =
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Table 2. Implementation schedule of Portable MCS system.
#2. WMWAMCSY AT AHAAT YV a— ).
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System design

System procurement

Trial operation

Full operation
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Fig. 4. Simulated source signature of Portable MCS system. The source
is 80 cu. in. (1.3 £ ) in total, composed of two 40 cu. in. (0.66 £ ) guns at
3-m water depth. (a) Time domain, (b) Frequency domain.

B4, RIFETY > 7P, 4032F74 ¥ F (0.66¢) 2K X %80
VAT (130) , EEEBmMTEM. () R, ©) R
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BIOZEMEH WAL TERTH L. WK — 7NV
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OBN) 7 EhkA A RIS L, BfEED vy 7+
VITAYY =T 2= ATHb, LPUN—FT7TT7DHE
KEEEE L vy, AR—AEDORIH DD AW AT
DZIFHE L2V AT A TH S,
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ERid b, BEICLoTET— IS F oy s
LQUFEE 2B, T X o CTRE/IT A—F 7 A
b 24TV, BB ORE I BT B BATICT | X &
WUREL 7 D, BRELECRUSR LA MCST—4 &7 —
Yarr—4FELxy NI—IfHETEEXL, YA AMYR
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3.1. KY11-07#iti¢

AAHEE, TR MCS ¥ 2 7 238 A OVEBE S B
THoD. [PVEH] 12Xk oT0114FE6H29H 7 5TH3HE F
T, MHESEITIThN:. VEERERES AR 2 #EC, 4
BBV EE LIS CF— 2 U 2T -7z, 7— 7L
BRI, BBIRE LT A v F (0160) T4 2R
TEFES0EHA 7 (1314) 7T AY — % KELSmIZE
ML, 1875mBEMTHRIEL7.. A M) —<—47—7 i3k
TE3mICRMML 72, AN =< = — 7 VE 7N — TR
625m, 192ch T 5. 7= DY > 7)) ¥ ZHEIZIms T
H5. LBUHEROI Y 7Ly —ilonTi3EEh ThH o
7272, vk | BEEMoa TV -2 L
7z,
ARALHECORAST— % Bl % Fig. 5@) 1R d. Z=BIEIZRE
OB T — % (KY06-01, KR10-01) (22T Fig.
5(b) & Fig. 5(c)IIRT. A N7 70 T 7 €A LR —mTE
FENAEY) 2 B O B AR Cdh . WKL 1.758
fHEIZH Y, FZOTIIKE ANy NP ERASNS. b
TATIE, FETEE SALHENC D > TESHL TV AR
MR TE D, 2FHITICA B 1A R R K E WIRIED B A
~NY b (Fig 5) OHED) 12OV THE RS 5 & KYI1I-
077 — % TidH6ms & 7% 5 . PIHEIE % 2000m/s L ARET 5 &
12m & 72 %, HEE SRR O 1/4 (Sheriff and Geldart,
1995) & 95&, 3m&nb. —D KY06-018 £ U KR10-
017°—% TlE, 2BFHEDORE A X2 (Fig. 50b), 5(c) DL
F) O EiE28ms & 72 1), PUGHE % 2000m/s & RET 5 &
56m &b, WEOUAMTI4m E LY, KYI077—F L0 b
FREL LD, TNHDZ LS 7 — & BUBHRZ @1
BRILIZEST, PWHIT 7 L HERTE D X9 20 HRRED
A RX=VEEONLEEZONL. KREDOT— & B
k% Table 312717

3.2. KY11-E05#iifF

AR, 201 1H4EFRAGH A RS ER O HR O B IR 2
BIFDEGREEA A =T 7B L, HERETREEN [H
&w ) | 12 & A BT O ERTIRED -0
OFRHAT — FBIED 72012, ZBITONI-bDTH 5.
[P X9 | 12X - T20114E 1021 H 22511 H1IH £ T,
HAWEE = oz Tz (32, 2012). R
BT [hvihnn] 12X > TF L — MERL S HEAYE
HE COMEHR Y HRY & L72REASEIT L TIThiTw
72, ZOFATREDOKRESZEII L 500, HAMEEDW
BT S BRI F ORISR T 5 2 &
ZHME LT, R MCS ¥ A F A2 X 200 TOFE
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Fig. 5. Comparison of MCS data. (a) Portable MCS data (KY11-07), (b)
Kaiyo MCS data (KY06-01), (c) Kairei MCS data (KR10-01). Open
circles indicate locations of wave lengths examples in the text.

B5. MCS7 — % Wgfil. (a) TMCS7—% (KY11-07) (b) %
WX IMCST—% (KY06-01) (c) 22\ >ILWMCS7T— % (KR10-
01) . K OMENIAL P THREDOHIZFLIE L TV LT ERT.

Table 3. Acquisition specifications of Fig. 5.
#£3. M50 7 — & WL ILE,

KY11-07 KY06-01 KR10-01
Airgun Type BOLT 2800LLX |[Sercel GI-gun BOLT APG
Volume (cu. in./liter) |40/ 0.66 G250+1105 / G4.1+11.7{100-600 / 1.6-9.8
Number 2 2 32
Total vol. (cu. in/liter) |80/ 1.33 710/ 11.6 7800/ 127.8
Towing depth (m) 1.5 5 5
Streamer Type Geometrics GeoEel | Stealtharray Sercel Sentinel
Group interval (m) |6.25 25 12.5
Channel number (ch) [192 18 444
Sensor length (m) 1200 450 5550
CDP interval (m) 3.125 12.5 6.25
Towing depth (m) 3 8 6

MR L 72, 7 BIRASHHEOKEIZT000m & 1) BV 7250,
HENIERFERIEOY I 2L — 3 v B X OTHERERNICEE
B 21T, BEONGT 21T-o72. 77— 5 BUSRRIE, =
JRE LT4030 54 »F (066 0) TT7HV2RE 1205054 ~
F (1970) 7 H 2 2ROEFB203 /54 »F (5240) 7
LA ZARESm AL, 375mERCHRIELZ. A M) —
Y= =7 VORNEEIIKEm & Lz, Ty DT
v 7 HEIRIZIms T, FeEREIdmN14Rb e L7z

HU%7 — % Bl % Fig. 612773 (Mori et al,, 2012). HD33B %%
VN 5E A A, HS41B ASHEEEI 2 SPAT 2 IR T d
. HEEHCIEHEK A S89300m T F CHEREELRH ), £
O T O TSRO LS. HEHERAHT Tl
MR DI H HIAAD A LI, S SICEEENIIEED
BEODNARLNDLZ NS, RIVA =75 —NUHEED
TSRy EEZ NS, Tz, ihAAG IR -
RHAEBANDOLETLA X M DHERTE S, [ JMCS
T & ARG &R T X A MR NEIE IR 1A <
o TCw5h (Kodairaetal, 2012). ZDF—4% % & & I ZHEH]
R FANETE S, 20124F4 H1H 2 55H24 H F TIEFI &
72, NSRS MCS ¥ A7 A2 & 57— & Hdnilfe
WEREDO - D OFEFFEI AR 2 L AFERES N/

3.3. KY12-02#i3fi

AR, FEHE N T 7 OREEFEED & FE IV 72 2 s
WZiEAAT 7 4 ) ¥ Vil 7 L — N _RIEOHERERE SR DT
WM EOfRE HAYE L TfThbI7z (Yamashita
etal, 2012). FAAAHARIIEAA KY11-BOSHLHE & [6 UC, EiR
ELTH0 LA »F (0660 ) T H Y 2RE1203 754 »F
(1970) 7 H 2V 2RDEFB03 54 »F (524 0) 7L

Fig. 6. Example data for K'Y 11-EO05 cruise (Mori et al., 2012).
6. KY11-E05#iifE7"— % 5 (Mori et al., 2012).
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3.4. MR12-01fiii 3
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T MCS & A 7 A O A VERNIERR A 0 L 7. Tt
YTV —ORFOIRPIFFE T L H Y, [Abv] 12k
F B TOTHEN, MCS ¥ A7 LMEEERTH 5. Fh
HHBI IR b 5 7 REEFEC, KY 12-02f0HEo IR & Bee LT
B, 120070054 »F (1970) LT 7 2 2RDEF4037.)7 4
F (3930) T LA EKEIMICHM L, 37.5mHMETE
WLz AN —<—7— 7 VOEEIZdm, T—F DY~
7 7 Ims, FeERREIZ108E, B KY12-02fiifE &
BT Lz, [ABW] TOFRL—T 3 v
DHTTHo7-HNERIZERTE /2. Tea sy 7Ly —
LAEMREZ I L C, =7 F 3R, IERICRER TS
EERMRLL. e b o Tl MCS v AT L DB A
NSET L7z

4. £

BEUAHERRLAA 2 D720 T, BREZEE- W B IRE:
BRI, eIl Ze SRR TR R O & R
filize & 247 BHO 72D E S RREOREEA X —2 V7 H
TRET, SRR IR RE 2R D ¥ A 7 A DS
77280, WA MCS Y AT AFREA LT

201 H4E DFRBRAHEI S B TERAIEDOHEZITH £ & b
T — SRR b FERL, HUST— 5 OF R L7
CORER, T ISR R EYIGRAZ EIC L 5T, il
Hla7 EHECTE D L) LR A -V %2605
CEHRERRTE . X510, HARMEHEIERCEHE b T 7
BWCHAMM A L, S HREOM TS A 2 —2
ZIVEI L7z, BRI AR O AN HETIE, 20114838
ety AR R RR ISR L T O R EREA X — Y v T
T, TBEw ) | BEPH B fORE STk L 72, T
AT ¥ 7Ly H— b EOHE MCS & A 7 4 DRETEE)
HERRATV, VAT ABANRET L7z, SHIEINETO
A BV TR SNIAEE (F— 7 VAVERHER /A
R OUEEEFTH L LIS, MATOREIZD
BT 5.

CDP number (1CDP = 3.125 m)
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Fig. 7. Example data for K'Y 12-02 cruise (Yamashita et al., 2012).
7. KY12-024Lif 7 — % Bl (Yamashita et al., 2012).
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