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Acoustic Surveys of Methane Plumes by Quantitative Echo Sounder
in Japan Sea and the Estimate of the Seeping Amount of
the Methane Hydrate Bubbles

Chiharu AOYAMA ™ and Ryo MATSUMOTO **

Abstract

During methane hydrate exploration and research, remote and on-board acoustic surveying
and monitoring of methane hydrate can be easily and economically conducted using a quantita-
tive echo sounder. Simultaneously, the structure and the floating-up speed of methane plumes
can be obtained from an analysis of acoustic data.

We conducted a survey of methane plumes from 2004 through 2008 at a spur situated south-
west off the coast of Sado Island (tentatively called Umitaka Spur) and at the Joetsu Knoll. In
2007 and 2008, we performed experiments by releasing methane hydrate bubbles and methane
hydrate, and letting them float upward. Consequently, we demonstrated that acoustical reflec-
tion from the methane plumes correlates with water temperature and depth, that the floating-up
speed is constant but depends on the conditions of methane hydrate, that the discharge of meth-
ane hydrate bubbles changes, and that there is a wide scattering of materials below the seafloor
where methane plumes are located. Furthermore, the amount of methane hydrate bubbles seep-
ing was estimated by a preliminary calculation.

The method will be applied not only to basic research on methane hydrate but also to assess-
ments of the environmental impact of methane hydrate exploitation.
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Fig.1 Methane hydrate bubbles were captured at the seeping point.

a) At the seeping area, bubbles were captured using a submarine vehicle called Hyper Dolphin.

b) Bubbles captured by a funnel.

c) The bubbles in the funnel were not gaseous but had a solid or hydrate coating.
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Fig.2 Survey sea area.
Joetsu basin and Umitaka spur located off Joetsu city (Hiromatsu, in preparation).
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Fig. 3 Image of the scattering of sound waves due to underwater objects.
Scattering from individual fish.
When ultrasonic sound waves emitted from the transducer at the top of the figure hit an individual fish at dis-
tance 7 the ultrasonic waves scatter and some returning in the direction from which they came. This is called
return scattering, with strength represented by target strength t. 5(0) is the directionality function of the trans-
ducer.
Scattering from a small school of fish.
A relatively small school of fish compared to the beam is assumed to form a column with a sectional area of AS.
AQ (sr) is the area where the school of fish is located , with T being the pulse width.
Scattering from a large school of fish.
A relatively large school of fish compared to the beam can have just the strength of the returned scattered waves
from their body volume integrated into the area where the school of fish is AQ (sr). # is the distribution density
of the fish; 1) is equivalent beam width.
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Fig. 4 Fundamental pattern diagram of echo integration.
Decide the progress of the ship indicated in a) from left to right and the cycle length of many transducers (integrated
cycle length m), and determine the ensemble mean of the echo strength. Then, further decide the depth range 7, for
many transducers and find the mean. The results of a) are equivalent to detecting an extremely large school of fish

as indicated in b).
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Fig.5 Application of echo integration to methane plumes.
Methane plumes (Figure a) were dealt with in the same manner as schools of fish, with the average SV sought.
With integrated layers of 10 m, the integrated width (cycle length) was set at 5 minutes (Figure b).
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Fig. 6 Image of methane plumes displayed on a multibeam SONAR display.
The pivot of the fan shape indicates the ship bottom, with the mostly horizontal line at the middle of the figure
representing the sea floor. The direction of movement of the ship is from the front to the back of the screen. At 110
m on the port side the images of 2 plumes (left plume with a depth from 750 m to 450 m, right plume with a depth

from 600 m to 300 m) are displayed.

7 E—algE 7Iv— 204K .

a) ¥—AlEE 7V — 2 @M%

MOMEAT T ENIH DL HAETTET, MICHRS BRI VTR E2RZEL 285 (Mo1257),

Fu— 2 G O bl E s L2 e ET 5.

b) 7IV— A4 X =T DER.

RN L S REENIBEWROC - MIZREREPFEL L DLIHVILN D O T, 25 3 N7=1k ikl ik

DEEDA XA—=TIIDb) DEIICAHABICEREINL.

) FoR I O FE B

Lo T, AHREAROZORME (La—27 7 4) CRRENLTV—204 A=D1, BIFEL L
BILZ2No TR o TWVEH, TNPEOTHLETRLZVWIEFbr»s. MBI THERIND A X —
VHRBEOTHLLR LS. FZEMEFRITNUIETV—2D4 A=TIFIML Yy =718, BFiEA £—

T O AEAT I IR DS 5.

Fig. 7 Pattern diagram of the relation between beam width and plumes.

Relation between beam width and plumes.

1Y
=

Assume the direction of movement of the ship is from left to right in the figure, with the fish finder equipped on
the ship sending and receiving ultrasonic waves (Figs 1 to 7) while passing an area with a plume (rectangular).

b) Display of plume image.

The ultrasonic waves sent from the fish finder disperse as depth increases, so the strength of the return scatter

waves received is presented as a trapezoid as in b).

¢) Actual example of display screen.

Therefore, the plume image displayed on the fish finder display screen (echogram) , widens as the depth in-
creases, but this is not the true shape. Based on ship speed, the image can also differ from the real shape. For
example, if the ship is navigating at a high speed, the plume image will be thin and sharp, while if the ship is
navigating at a low speed the image will expand in the direction of the ship's movement.
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Stability of Methane Hydrate in Joetsu basin
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Fig. 8 Relation between the vertical profile of methane plume's SV and water temperature and depth.
a) Echogram.
The vertical axis indicates depth (m) while the horizontal axis indicates time (hh:mm:ss). The vertical grid is
100 m, while the horizontal grid is 10 minutes. The far right indicates the most recent position of the ship. The
reddish-brown part at the bottom of the figure indicates the image of the sea floor, and the top of the figure is the
ship bottom.
b) Averaged volume backscattering strength (averaged SV).
This figure shows the results of echo integration for integrated levels of 10 m and integrated cycle length of 5
minutes shown in Fig. 5. The vertical axis is depth (m) corresponding to Figure a). The horizontal axis is SV (dB)
with strength increasing towards the right.
c) Water temperature.
The vertical axis is depth (m) corresponding to Figure a) and b). The horizontal axis is water temperature (C)
with temperature decreasing towards the right.
Echograms with changing display threshold level.
The left figure has a threshold of — 90 dB, while the right figure has a threshold of — 70 dB.
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ZTw % (Matsumoto, 2005; 1 4% |3 2, 2006)

Fig. 9 Relation between water temperature profile and three-phase equilibrium threshold conditional curve of
methane hydrates that occur in Joetsu Basin.

The vertical axis of the left figure represents depth (m), with the horizontal axis representing water temperature

(C). The right figure is a sound-reflected image of a methane plume displayed on a fish-finder echogram. The depth

corresponds to the left image. The plume image vanishes at around a depth of 300 m (Matsumoto, 2005; Matsumoto

et al.,2006).
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AEGHEIE, NTIVEFESTmm (B E4794m), AFHEIE, N7 VEFZS10mm (X 323.7m) Tho 7.
Fig. 10 Relation between diameter of methane hydrate and depth.
The figure to the left shows that the diameter was 5-7 mm at a depth of 479.4 m, and the figure to the right shows
that the diameter was 8-10 mm at a depth of 323.7 m depth.
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Fig. 11 Methane hydrate block foaming.
The methane hydrate block held within the cage on the
ROV was dissociated and foamed during the ROV's as-
cent in the Joetsu basin in May 2008. Bubbles dissolved
and became invisible rapidly at a depth of 210 m.
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Quantitative Echo Sounder

X 13 * % N4 FL— bXT Vo fi 5Bk
AT UNA RLU—=MNTIWVERET, NARX=FLV T4 VD2ROY 2L —=—FDO—FTHHIELLZT—
1000ml) &My CRElE L7z MT R % (NZE70mm, £ X 285mm) I[CZNEFNAY /S FL— T
ERELZ o= EMTRREGIC N7V 2HELZREOTE, "NAX—FV 74 %D FHT
BB S, HFICO-LDELTHD N7V ML, st EREIECEILL 0T F— ¥ %2 I
L 7.

Fig. 13 Experiment with methane hydrate bubbles.
At seeping points, methane hydrate bubbles are collected using a funnel (approximately 1000 ml in volume) fixed to
one manipulator of Hyper Dolphin and a MT mud sampler (70 mm in internal diameter; 285 mm in length) fixed to
the other manipulator. Hyper Dolphin is positioned immediately beneath the R/V Natsushima and the bubbles are
released first from the funnel and then from the MT mud sampler. Acoustic data are obtained using a quantitative
echo sounder.
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IR LTTICERL .
b) kL — & L 7250\ ksl .
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¢) 59\ ERELEE 5 0 S SV o B S A

Kl 25 I BLE, HEM S E3 SV 2 K3, ZoRa 1R Al —688dBTH 5.

Fig. 12 Detailed internal structure indicating intermittent methane emissions.

a) Echogram with multiple stripes and an enlarged figure.
The upper figure on the echogram displayed is the period from 23:43:30 to 00:14:00, with the vertical grid be-
ing 50 m and the horizontal grid being 30 s. The depth to the sea floor is approximately 1000 m, with the image
of the methane plume continuing from 23:50:30 to the right edge of the figure. The portion of the upper figure
surrounded by a solid line, from the sea bottom to a depth of 750 m, from 23:55:00 to 00:11:30 is magnified and
displayed in the bottom figure.

b) Strong reflected stripes traced.
This figure shows an enlarged representation of a rectangle from the lower figure in a). The right side of the
rectangle is the average SV of the stripes (white border is weaker reflection part, with blue border being stronger
reflections), while the left side indicates the time at which emissions began from the sea floor.

¢) Frequency distribution of the averaged SV of weak reflection part
The horizontal axis is the number of occurrences, with the vertical axis representing the averaged SV. In this
case the highest value is — 68.8 dB.
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Fig. 14 Methane hydrate bubbles on echograms.

a) Two bands sloping up to the right at the center of the echogram show released methane hydrate bubbles scat-
tering. The band at the left shows methane hydrate bubbles released from the funnel (approximately 1000 ml
in volume) scatter. As they float upward, the scattering width increases and scattering strength decreases. The
band to the right shows methane hydrate bubbles released from the MT mud sampler (approximately 500 ml in
volume) scatter. Because the two bands are in parallel, the floating-up speed is constant and has no correlation
with volume. (D corresponds to b) in the experiment; @ to c¢); @ to d) ; @: 2nd released; B): the cruise lines of
Hyper Dolphin; (6): bubbles released from a depth of 400 m .

b) At floating-up points, methane hydrate bubbles are collected using a funnel fixed to one manipulator of Hyper
Dolphin.

¢) Methane hydrate bubbles in the funnel.

d) Methane hydrate bubbles just released from the funnel immediately beneath the R/V Natsushima.
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BHHOBMEBRBRDO L EDAY N, FL—= N TVOWMOET 2 RRFITELA HEIZES (m) %
Y. HFHRHERELET A5 YA FL—Maobbi, AREHOTHMITHORS Z2RT. M oR#ix
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Fig. 15 Scattering in the vertical direction (bubbles released from a depth of 400 m).

Scattering of methane hydrate bubbles in (6 in Fig. 14: bubbles released from a depth of 400 m. The vertical axis
indicates depth (m) while the horizontal axis indicates time. The blue, red, and yellow dots respectively show upper
level, center, and lower level of bubbles floating up. A red straight line shows the block floating up speed.

16 A% N A FL—=bhT0y 7B EOTI—=FF A,
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Fig. 16 Echogram of methane hydrate block surfacing.

The size of the block is approximately 0.3 m X 0.3 m X 0.15 m.
The straight line rising up from the right of the center of the figure is the image of reflections from the methane
hydrate block, with it no longer being a straight line at depths shallower than 275 m, where breakdown and disper-
sal of the box can be inferred.
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