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Identification of Methane Plume Area Using Acoustic Echo
Sounder Images and GPS Data

Hajime CHIBA!, Akira TAKEUCHI?, Toshiro HATA?® and Mitsuharu YAGI*

Abstract
In this study, we identified the position of a methane plum in the Joetsu Basin by analyzing echo sounder images and
GPS data. First, we observed the methane plume echo imagery, obtained using a quantitative echo sounder during a
research cruise aboard JAMSTEC research vessel “Natsushima” in August 2013. Then we conducted two research
cruises aboard the Nagasaki University training ship “Nagasaki-maru” during May 2014 and May 2015. During the
2014 cruise, we observed methane plume echo images at the position identified from the 2013 cruise data. During the
2015 cruise, we performed sea bottom core sampling at the same position using the methane plume echo imagery, and

successfully obtained a methane hydrate core sample from the seafloor at a depth of approximately 560 m.

Keywords : Navigational Instrument and Measurement, Quantitative Echo Sounder, Oceanographic Observation,

GPS Positioning, Methane Hydrate Plume
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Fig.1 Methane seepage phenomenon at Toyama Bay,
which the water temperature was measured at May 2015.
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Fig.2 The plume echo images obtained by the quantitative echo sounder (SIMRAD EKG60) onboard the “Natsushima”
(The Y-axis shows water depth (m) and the X-axis shows the time period (approx. 30 minutes.).)
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Fig.4 Plume echo imagery obtained using the quantitative echo sounder (KAIJYO KFC3000) onboard “Nagasaki-maru”.
(The ship’s track is shown in Fig.6. The Y-axis shows water depth (m) and the X-axis shows the time, (approx. 48 minutes).)

—— Ship track via GPS

( = Plume echo A area
+0.4'

= Plume echo C area
[

Estimated
plume point
at Fig.3.

=== Plume echo B area |]

+0.2'
Sampled point
by piston corer.

Difference of Latitude

0.0’
! 200m

*r——e

0.0° +0.2' +0.4'

Difference of Longitude

Fig.5 Ship’s track and plume echo areas.

12:37:18 12:41:218 12:45:18 12:49:18 12:53:18 125

=€ B2 D

%o)o ZOWE(GT —X LEE) L= GPS 7 —# T,
BIEREO a7 7Y 78, Fig.3 T L7z, 2013
o [7poLFE] OB T V—2384EmE L
THLEH SN ZHEANSFEHR SR 80m TIT
bhTw/i, #LC, A hra7o—%EINL 7=
5. BAEDIKROMENSIE SN Tz, T,
Fefiy LTS o BB, [FIREIZAT - 72k
ROy DS, AZ A RL— s Th b EWiE
T&T,

4. A3 FTN—LEAEBRUBRHETEICHE
TEER

Fig.4 ® A~C OB IZHEIE > & 77— LS FE A
L TWAERNME A, Fig5 R MErdic, Al
HrB TR, C IR T/RT, 2D Fig5 1R LT,
BRI ESNI-ma—3nb%E 25 L Fig.3 THERI L
TR A v MR RO T — DRE RO E D
10m B2 H 2 ATRREA @ < . AU AR O



3 6 9 121518 33 34

[ RS R [
Focused echoes B S — 7 —ﬁ_‘\ s TR Z/
. . . °C ..-WK SR T DI A S
Ship heading was Salinity S R P I
approx. ESE. / : psu 7 L) l\ S s
100 E\\\\’?'j,//ﬁ

>>>>>>

" —>
:50cm/s
2015.5.16

=+ Observation

..... 200 —I . ¢
% point at Fig.5 50m depth
8 W//A,_,///rqwz‘t; (A
/ e R R B N
L~ LN N .
_____ 300~ [+ Observation] ™ " <~ « e
point at Fig.5 vy TR
: fLa ?

A

mmmmmm
-----

400

Vertical profiles of
salinity (right) and

temperature (left) via 2015.5.16
CTD measurement. 200m depth
e T T . 7 (&
...... 500 n { e Z
) ‘ VAV
h e
: - :R T // I/ :”\
+ Observation| -~ ~ /7y v ™ 7
Echo of yellow line: point at :F'9-5 T
Track of Piston Corer ' S 4
Fig.6 Images of plume echoes A in Fig.4 and vertical profiles of seawater | | = " <.~ .-

temperature and salinity obtained via CTD aboard “Nagasaki-maru ”. : 1ﬁ
: cm/s

T VAT 2 —h—ORBEMNES, ZEHEOR/NZ 2015.5.16
BIREICERT A LD EEX S, AL, F/L—L0 400m depth

W H SN E ST NS L TN D RTREME N b D 78,
WEETICIZEAZ A FL— " BEL S LTV S
EBHERIENADOT, BIFEIRLIZEY IS, HEE

Fig.7 Distribution of the current velocities of MOVE, provided by
IJMA® at three layers, 50, 200 and 400 m. The grid resolution
of the model is 0.1 deg. in long. and lat..

SNSRI som NG chL, aT Y TR
19 Z LN T&E 72, Fig.3 12”87 20~30m DOFEE D
frEREREZ BIELTYH, EEOMOBLAITIL, 5F
PRIRFRA M 2 R TiE 20~30m LSO RS EE T
MERFHIRETH D | 2010m LL OREEE AR AL
EBZ D, 1o T, RimTmR L, BEORRRIC X
D EALEOHEE ATV, ZOMEABIE LT, HE
DT N—LBRLC2T TV T EITH)ZEDR
EiTEWE Bz B,

Flo, IO LA a—n s, A X T
Jv— DALE DR E AT D 72 0121E, MEKIRE LN
DEEACITEE S . T I— L DIBIRZEA Z 4R+ 5 L8
W& %, 2013 D TR IR ) OBLIIMERIZ BT 5.
IR D ERE 34T OB T — & 0, FHIT O W D E A
HET =200, ZOBLEEITI,

Fig.d & v, /KK 200m 2\ CTid, Al ic

—KER AV a—=NE S TWE, Zhdx BIETT
KIE LD THE OB AMEAKEOEER KT 5,
BERBOME L —H LTS, 29 LizsERmft
TTE, 7707 Fr0ERERHY . ZOREIC L
Lra—lHEzx 5, ZO8RE XD RSB TL
TN— DO a— NG 2 D728, Fig.l IIR
FTALZ O - KEIZHE D TBREEND ., NA K
L— bR HRIZEAL L. T DT ADUEK~DIEEH
B, AERAECRATE 2 a—iRAENT<
o TWDEHRITE S,

— 5. KEEMBHK 100~300m EIZBW T, Zlh
RIZHAT, = a3 =237 IS iidy T DA 25 i
2%, ZZ T, Figb 2, ZOMAKNAHK TH D
a—B OEBE 7 a—XT v 7L, BiBICE LS
#TiThbhle TRIGA ] © CTD(Conductivity,



Temperature and Depth profiler : Sea-Bird SBE9Q)&R (2
5. HBE - EHOMET a7 7 A& fithioK
WER—IZLORT, 2O CTDEHIX, A% 7L
— LB T O BTN D TH 5705,
ZOEWEN D I ISV, WERED HK
PRZS 30~50m FRFE £ Tid, WAMJIK - B - U
WX DGR E BN R E WA, 2L OKE T,
#J 200~300m IR £ Tl BRI O E LT, £,
CHLRTIXAAREEAKOZEIZLY | IRE - &
SIDOET 17 7 AL, BAMTE—ETHL Z
EB, INETOEFLO, ZOWE TOBMIC X
DHEFRICE D STV HWO,

F72, Fig.7 1%, [RETOWET — Z Ry A7 A
(MOVE/MRI. COM : Meteorological Research Institute
Multivariate Ocean Variational EstimationSystem /
Meteorological Research Institute Community Ocean
Model) (28T 2, Z OWEHRO[EH Oyl o i HEAE
(LLF. MOVE 7—4# L5 %,) ZRLT0N5D, Z
DRI, KETHBRFE LI RGBT /L T
STNLHOTHY, 2007 L iERZBHLHEL T,
REIFDOH—LAX— VI A SR TN HO,

B EEHEM AR EMR R T, KT ED .
KFlC, ZOfEBROT — 2 #Ritz%, Zhi,
COLA @ GrADS (Grid Analysis and Display System)
THE L TW5, £ LT, BIESEOMEM T35
L ZHSE S vz ADCP(Acoustic Doppler Current
Profiler) BRI & OB L %17\, MOVE 7 — ¥
LERLSABETH L BHERSA TN O0,

MOVE 7 —# (X, £JEDHKIEE 400m £TD, %
KERIE TOWIA, ML« BRELIZ 0.1°D 7Y v R
MR TR RIS DH D, Fig 7 TIE/KE 50, 200,
400m DN DRI E R L TWD, 72, Fig5 (2=
LBl ) 7 2R+ FEICR LIz, 29 L7eg&K
ROT =2 %+ 25 L. BRI Z 5 R
PRI D SRR IL, HE 7 ~EE & (ZHEAT L,
Ve s &8 LB O TR HEN D Ok & TR L T
W5, 29 L7, #ENS 300m EE T,
EIE—E L2 TR 0.1~0.2mis DN’ H 5, %
LT, 400m RO A AYEEA KEEIZ 8D & 8L
AT T XA T IZRT 10em/s D RFTCH KRBT
TRV IEFITNSRIOFEILTH D Z L N3 nD,

Fig.6 DA X TR Lo KR - M DERE 71 7 7 A
VNG KIEDR 300m ETIX, TEOHARERE
AKEV . E e mHES TdH DR EIETT K D58 R
N2 ERS,HO0, FEROEIZRT B DT a—

T, ZOKEHK 300m LT, v —Axma—)
BRI L TV DERF R CTE 5, ZORFDOM O
X, 1XIZESE FMITHY . Fig.7 ® MOVE 7 —#
MHHER IS, FE~200m EOFEALDFH FIE,
IZ1E ENE~NE H A THY . B TILTL— L0381
FENZH SN T L OB FERTE D, £72. Figd 12
AT T a—C Th, AKEMN 300m LLEIZI 1T 5 AT
NNHERTE D0, 2 2 TOMOEEIL, 1FIE WSW
FETHY, B OHFAE LIFIEH HAOHKE TH D,
ZD, C TIETN—D20 EEAEEE & W7 mi m s
STWDHDONRFERTE DL, ZTNED ., TI—L0HK
300m XY ETiX, MOVE CTHE SN DN DE
BEZIFTNDZENHERITE B,
ZHLTEAZ T N— B DEENTOWN T, WK
IREE - ooy, WD TR « ) DEREII A 2 /3T A
— 2 L LEHEET S E 2B FERH VO, 4
BIXZ D LIRS R E OB R LRF L TV,

5. BhHYIC
WEFICKED A Z A R L— bk DIEENR
AR SN DRI BN T, A X T —LLED
HeE %z, RtEATRIECL D —a— Zh b
L72 GPS IC R DML ViToTz, £9. KTl
ZOWMBETHELNBRG T —F 2R LT, £LT,
COT—=HENNTHIEIZED, AX T —1A
DUFIEIN SRAET D ROREEEToT2, T2 T, K
TR 100m Ok Tl FHEABEREOHIE =
U7 10m § & 722 203 HEEOBPFRIC L D=3 —
EOMT D2 LI D, £ 10~20m O#IPHN TON
EHER 2R ATz, LT, ZOHEE LIfEICR
T, AR O = 2 —75% 34EITIE 5 BRI C iR
oo T ONERFEDOHPHIL., GPS OBINFEE. M
DBEELTWDZ LIk DB RN T — % O
M - BERE Y fRRE DAL DR 2T D05, —IRAIC
B AYEE A KSR O RAVZIEFIZH N L b
Fig.3 OIEX TR L7=FHID X 512, 20~30m N TTT
ZTCWDHEEZD, L, EBICIE, &0 GPS
FORNLE & BRI O N7 VAT 2 —H— D% E
ArE AR, AR OEARIRA 2 Z R L T, Fig.5 DFEHIIC
R X 9C, EH EIX 50~100m FEOFTIEEE
Lt bent B2 %, W, 74— L0MEH
LB SOTAIR AL LT D ATREMED B D 23, VB JEE
TIZIFEAZ A RL—FBIELS AL TWNWD T &
DHERI SN 5 DT, £ 80m BN BT TH, =74
YV T ERITO ZENTE, 5% b [RIFAL



2, fARIC BT AR COBBNIIT S TETH H
DT, ZITHEZITo> TWVETZL,

T, FrEAROSIC L S =a—& CTD &
\Z R DK - O ORE T 1 7 7 A v, W OBIE
HET =X L ERT L bk, £E@nroK
TRDIK) 200~300m (AL D %f B B oD 52 8 C it
SNHRMEHER T D Z LN TET,

IO LTHELNTEMmAE, Sk, BUR TITAREE
FIRED = 2 — B OFRBNCHEL D L7z, A S
DAB A F— MEBEIIERH L T ET,

SHBOMELE LT, ZRLOMWEDO T —LDHE
B0, Wi ~MT < E TOIHCR A, KPP BEERAR
v MCEVEIT 5 Z e 2EE LT 5®, Zhic
X0 ARG CHER L FEHO EYMENGE T 5 2
CHHFCE D, 2. 29 LA o —
AW AR T — DB ki 5 2 &Sk
WIS D D A & 27— L B ORF#ZE L& & 4
BETELAREMEN B 5, BUR TRE O MR O8]
BT — 2050 OHERITH D03, T — s a—0V%
AL TWVLMER ST, AE<EY ER o R
STNDEBZ 5, TLOMAEIE SN Z 2 I2HEH
L 29 LIZERIREER L THD 2 EREZ B,
INEERT DL BEDOAZ g RL—
FFL EFSNT, 22 TEED T Vv — L3584
LTWAHEMEL D EEZ D, ZOEMEDEL
S, MR ENC K DSBS A REE L H D |
INEHETRCHEA~OT T a—Ficoif 5 2
ELRFTL TV E 20,

6. Hiif

Bl BV TIX, 2oL %), TR ©
S B ORI, FRIZEME 23RV T TR
BB ZR OB OB, BAGE N T O —of S|
i EBL O EHIZIB W TE R W ETHE £ LT,
IS HRBR ARSI THE ET,

K[RET - BARMBIEBIERR Y v ¥ — O BRI
MOVE 7 —# i [l >\ T, Z KA THRE4HE £
L7z, MOVE 7 — % OEEALICOWTIL, & ILE S
BRI O/NBEREAIC IR BT E L, 7=,
FOR R RKIEERFSEAT O38 S %, KKK EK
2w T2 Fe R BRI A T2 2 O IR = #d21C
X, RO ZRITICER L TEERT FAA 2% %<
HEEL, ZZICEHICHELZESETHE £,
AWFEO—EIL (AM) B AARMEREWR 1t % —
BB vy =7 b, PR 22 SRR O R

JeE i B4 (22560800) & 1L U I 7 40k oD R IAE 0D 5
AT =X L ORI & T HIBAT OFESLIIC XY £9

7. BEH

(1) AR - BEHFA - EHIZ - FR - 7T
Bi— - [WERYD - gaRBRA - LKA - A
Zt e AR EE - N A - MR M TH
KifgHkx, LEIRROEAZ 7Ty 7 A
BT DA X A RL— O & ARlE],
P ERE118(1), pp.43-71, 2009.

(2) HFITH - AR TRFEARFRIEIC LD A
BT N— OB L A B ERE O RS
D, HERMERE 118(1), pp.156-174, 2009.

(3) IFA - @ARTEF - EEZ - MEFZRA - I
E= (RGN OBHT DAL TR A
FL— FOZEETH , 5 24 BYEE LY
RY T L OES24-050 H A LoFas « H A
fiEEE L2, 2014.3.

(4) FHET - MNE - s - BT - fiIAR
R FF « SR - RIS - Wil L - AL
TENTE - LU — - IL%EE : CTD « H%H
TREE - TR KD &1L N T 7 Ofgiefks
FH4E, Blue Earth’11, BE11P-29, 2011.3.

(5) THEC - AR - B - fBALKRRS - TR
A4 #EARICTD « ADCPIZ L % & 1LV DR FEER
BAA L, AR RRCER1325,
pp.86-96, 2015.7.

(6) FldrLER « EEAK= - MOKHA - BRI -
HEFEZ - A)I—BR - sk - A B .
B : MOVE/MRL.COM DORESEE & Hi3e
AT L OREGE, M 76 K515, pp.S1-S15,
2009

(7) TH Jo-ERE - HIE— - BALKES: T
faFEHE ADCP THE X b E LB OB d
Rtk — ERBREICIEAT D SRR D O
IO T — |, B ERR AR 27(2), pp.1-14
2015.9.

(8) Mahdi Choyekh, Naomi Kato, Timothy Short,
Masahiro Ukita, Yasuaki Yamaguchi, Hidetaka
Senga, Muneo Yoshie, Toshinari Tanaka, Eiichi

Chiba: Water

Column Survey in the Gulf of Mexico Using

Vehicle SOTAB-I,

Marine Technology Society Journal, May/June

2015 Volume 49 Number 3, pp.88-101, 2015.5.

Kobayashi, Hajime Vertical

Autonomous  Underwater



