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In situ measurement of the amount of free gas of deep sea sediments by TimeDomain Reflectometry (TDR) method

The amount of free gas in deep sea sediments is a critical factor for the stability of gas hydrate, however, it is not easy to obtai
reliable free gas amount by conventional core sampling methods. In this study, we try to measure the in situ free gas amour
of gas hydrate bearing Japan Sea sediments by introducing the Time Domain Reflectometry (TDR) method with an intention t
estimate the behavior of methane in deep sea sediments. TDR method has been widely used to estimate the water content of si
in the field of agriculture science.

The TDR sensor is set at the bottom of piston corer and data-logger and battery are stored in a pressure vessel within the weig
at the top of the system. The volume of gas has been estimated from observed change in the dielectric constant. The dielecti
constant is different in each material, about water is 80 and the soil are 3-9, and air is 1. Moreover, ice is 4.2. The sediment cor
of a constant amount was taken from bottom of the sea by piston core samplings, and the dry density and the particle densil
of the soil are measured in a laboratory. Then the amount of solid phase ratios is estimated. Thus the liquid phase rate can |
estimated according to the value of the dielectric constant by the TDR method measured at the bottom of the sea. The volume
the gas can be requested from these measurements by the calculation.

The dielectric constant (e) of the sediments was different according to the measurement point. The dielectric constant measu
by the TDR method was applied to proofreading type Vw=3.714€663.60E-04e2+1.86E-02e-5.61E-02 provided by the
laboratory experiment, and liquid phase ratio (m3 m-3) was obtained. On the other hand the solid phase ratio (m3 m-3) of the
sediments was directly obtained from the core samples. These results were brought together by each measurement point, &
gas phase ratio (m3 m-3) was obtained from calculating formula. It is remarkable that the gas phase ratio of gas hydrate bearir
sediments showed significant changed by approximately 5 % from sea bottom to sea surface during the experiment, suggesti
dissociation of gas hydrate and degassing of dissolved methane due to depressurization during core recovery.

O0000:TDR,00000,000,00000000,000000
Keywords: TDR, measurement of free gas amount, Japan Sea, gas hydrate, method of marine survey

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgiem

Union

MIS23-03 0 0:101B 00:50 210 14:15-14:30

Jdoodoooogoogogdo _
Thermal structure in the western Joetsu Basin, offshore Sado Island, Japan
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Marine surveys for gas-hydrate off Abashiri, the Sea of Okhotsk
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Crystallographic properties of gas hydrates off Sakhalin Island (Sea of Okhotsk) using

Raman spectroscopy & calorimetry
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Natural gas hydrates have been studied in the gas seep sites off Sakhalin Island, the Sea of Okhotsk. More than ten gas s
sites in the north area of the Lavrentyev seabed Fault (LVF) form gas hydrates in the sea-bottom sediments. In the framewor
of SSGH (Sakhalin Slope Gas Hydrate) project, hydrate-bearing sediments are also discovered in the south area of LVF, whel
more than 400 acoustic anomaries exist but the size of seepage structures are relatively small. We obtained samples of natu
gas hydrate in the CHAOS project (2003-2006) and the SSGH project (2007-2011) and analyzed their crystallographic propertie
using a calorimeter and a Raman spectrometer. Their gas composition were mainly methane, suggested the cubic structure |
these crystals. The hydration number, cage occupancies of both large and small cages, and dissociation heat of the sample w
almost same as those of pure methane hydrate. Raman spectra showed that hydrogen sulfide were encaged in both large and s
cages. The peak ratio of large to small cages were about 2.4 and 3.5 for hydrogen sulfide and methane, respectively.
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Sampling method and chemical analyses of gas hydrate waters retrieved from Kukuy K-

mud volcano in Lake Baikal
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Lake Baikal, Russia, is one of the most attractive gas hydrate study areas, since the first gas hydrate (GH) in a freshwater lal
was retrieved from the sub-bottom depths of 121 and 161 m and later from the subsurface of the lake floor. Many studies t
determine the origin of the gases incorporated in and/or bound to GHs have been carried out on samples from this lake [se
e.g., Hachikubo et al [Hachikubo, 2010]]. On the other hand, chemical analyses of water samples from lake- and pore- water
have been carried out to clarify the geochemical characteristics of the GH-bearing sediment cores [see, e.g., Pogodaeva et
[Pogodaeva, 2007]]. The chemical analyses of such samples are important to identify the origin of water molecules contributin
to the formation of GHs and to distinguish whether seepage structures and/or mud volcanoes observed at the lake floor are relat
to the discharge of gases with or without gas-saturated water.

In September of 2010, subsurface GHs were retrieved using steel gravity corers at Kukuy K-9 mud volcano in the central
basin of Lake Baikal. GH water samples were obtained, on board, by the sequential and continuous dissociation of a piece ¢
agglomerated/massive GH, in a closed vessel with inert gas, after its retrieval from the bottom of the lake floor, to acquire trace
of the original gas hydrate-forming fluid in the GHs.

The purposes of this presentation are (i) to describe the sampling method used to obtain GH water samples without the use
lake or pore waters, (ii) to report the scientific results of the chemical (such as Cl-) and isotopic (delta 180 and delta D) analyse
of samples from lake- and pore- waters, and (iii) to find traces of the original water involved in the accumulation of subsurface
GHs at Kukuy K-9 mud volcano in Lake Baikal.
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Dissociation mechanism of methane clathrate hydrate in different size of pore spaces
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Dissociation processes of methane hydrate synthesized with glass beads were investigated using powder X-ray diffraction tec
nigue. Although understanding of methane hydrate dissociation within natural settings, not so many studies were performed o
methane hydrate dissociation within pore spaces from microscopic point of view. Recently, it was revealed that methane hydrat
formed with hydrophilic glass beads less than a few microns in size show very high stability up to just below the melting point
of ice, even though this temperature is well outside the zone of thermodynamic stability of the hydrate.[1] In contrast, methane
hydrate formed with hydrophilic coarse glass beadslQ micron) dissociate quickly at 150-200 K; in this temperature range
methane hydrate dissociates at the atmospheric pressure.

In this study, we performed observations of methane hydrate dissociation process using hydrophobic glass beads with subrr
cron and several microns in size. In this case, kinetic high-stability of methane hydrate was not observed. Thus the experiment
results obtained suggest that the dissociation rate of methane hydrate strongly depended on the surface property of glass be
used.

Reference
[1] Hachikubo et al., Phys. Chem. Chem. Phys., 13 (2011) 17449?17452.
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Quantitative echo sounder for fishery is a powerful tool to identify methane plumes from deep ocean floors, and has beel
commonly used for gas hydrate study worldwide. However, the precise position of gas venting has not easily obtained so fal
This paper propose the method to exactly locate the venting sites.

The acoustic data of methane hydrate bubbles was obtained with quantitative echo sounder by staying in the methane hydre
upwelling area for a long period of time, and analyzed with the single fish detection function. As a result, the methane hydrate
seeping spot was precisely located.

The circular graph on the display of the quantitative echo sounder represents the single target position. The center of thi
circle denotes the sound axis, that is, the center of the vibration plane of the transducer. The size of the circle represents tt
illumination range of pulse wave. In the case of EK60 (SIMRAD), the diameter of the circle is about 100 m at a depth of 1,000
m. If a seep point is found at the lower left of the circle, its location can be calculated accurately from the direction and distance
from the center, because the location of the center, that is, the transducer, is already known with the GPS on the ship. In additio
by decreasing the threshold of the quantitative echo sounder, it is possible to detect the methane plumes with low backscatt
intensity and the strong scattering bodies below the seabed. Consequently, it was found that the use of quantitative echo soun
is effective for the assessment for methane hydrate search.
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Preliminary account of chemosynthetic benthic communities associated with gas hydrat

at the eastern margin of Japan Sea
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Depth profile of formaldehyde concentration in pore water from eastern margin of the Se
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The Changes of Sedimentation Rates Based on Tephrochronology in the Late Pleistocel

Sediments off Joetsu, Japan
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Paleoceanographic change in the eastern margin of Japan Sea, based on oxygen and «
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Molecular and isotopic signatures of dissolved gas in sub-bottom sediments retrieved of

Abashiri, the Sea of Okhotsk
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We measured molecular and isotopic compositions of dissolved gas in sub-bottom sediments retrieved off Abashiri, the Se
of Okhotsk, where sub-bottom profiler revealed the existece of gas chimneys ascending from the deep sediment layer. In th
cruise of TK11 (September 2011), we obtained sea-bottom sediment cores by using a gravity corer (1.5m length) and sample
(1) dissolved gas in pore water, (2) dissolved inorganic carbon (DIC), and (3) dissolved gas in the sea-bottom water. Methan
concentration in the four sediment cores increased rapidly at aroud 40-70cmbsf, that indicates shallow SMI (sulfate-methane ir
terface) and high methane flux. Compared to the gas data obtained off Sakhalin Island, these high concentration of methane a
shallow SMI imply that gas hydrate layers could exist below 1mbsf. Because the length of the corer was only 1.5m, the lengtt
of core recovery was less than 1m and we could not get gas hydrate samples. At the SMI depth%C qettiles of methane
showed their minimum value (less than -85 permil VPDB), suggested ongoing biogeochemical process: anaerobic oxidation @
methane (AOM) produce$C-depleted C@, and'3C-depleted methane also is generated vig @&@luction (Borowski et al.,

1997). In this process, hydrogen sulfide,8) is still produced by sulfate reduction at the depth of SMI, however, we could not
detect HS in the headspace samples due to the simplified process of sampling procedutéCdattd dD of dissolved methane
ranged from -87 to -75 permil VPDB and from -210 to -203 permil VSMOW, respectively. Molecular ratio of hydrocarbons
(mehtane/ethane) below the SMI depth ranged 5000-40000. Therefore, we conclude that these gases are microbial origin pr
duced by C@ reduction. In the upper SMI layer, the concentration of methane was depleted and it$ @éitareased because
methane oxidation was dominant. The profiles of DIC d&la agrees with that of methane delttC and showed minimum
delta’®C at the SMI depth.
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Sulfur concentration and isotopic composition in gas-charged marine sediments from th

Sea of Okhotsk, off Abashiri
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Gassy sediments have been recovered from the continental slope, approximately 1000m in the Sea of Okhotsk, off Abashir
Hokkaido, in which gas chimney like structures are identified on the sub-bottom profilers. Geochemical analyses of gas and por
water collected from this area result sulfate-methane interface locatiagrabsf, indicating very high methane flux and high
potential of gas hydrate accumulation near the seafloor. Because oxidation of organic matter in sediments and ascending methze
(anaerobic oxidation of methane; AOM), with dissolved sulfate produces hydrogen sulfide in pore water, pyrite can precipitate
just below the seafloor. The isotopic composition of sulfur from pyrite, thus, reflects processes of shallow diagenesis associate
with sulfate reduction. Variations of sulfur concentration and isotopic composition are useful to characterize geochemical envi-
ronment in sediments constrained by methane flux. Environmental impact of shallow gas and AOM are discussed in relation witl
pyrite precipitation.
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Chemical and isotopic analyses of sediment pore waters collected off Abashiri, Hokkaido

Japan
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In September 2011, field operations of the TK-11 cruise were conducted in a collaborative effort by scientists from Kitami
Institute of Technology and the University of Tokyo to investigate natural gas hydrates (GHs) that have been suggested by
bottom-simulating reflector off Abashiri, Hokkaido.

In the present study, chemical and isotopic analyses of the sediment pore waters were carried out to determine geochemic
features relevant to possible GH occurrence in the studied area. The concentrations of sulfate ions in the pore waters were me
sured to investigate the depth profile down to the depth of the sulfate methane interface (SMI), since the SMI depth is reported t
depend on the upwelling methane.

Five sediment cores up to 1 m in length were recovered (TK-11 GC1101 to GC1105). A 5-cm depth interval of the internal
portion of the sediment core was drawn into titanium hydraulic Manheim squeezers, and pore waters were collected in plasti
syringes attached to the squeezers. The outer part of the sediment, which was in contact with the PVC liner tube, was left in th
liner to avoid contamination. In addition to coring, sampling of seawater was conducted from the water column at the coring site
using a Van Dorn sampler and from inside the liner tube just over the sediment cores. All water samples were filtrated through
0.2-um filter and then stored in 50-mL plastic bottles and refrigerated until analyses. The concentrations of anions such as sulfa
ions were determined by an ion chromatograph. A flame atomic absorption spectrometer or inductively coupled plasma optice
emission spectrometer was used to determine the concentration of metals such as sodium, potassium, etc. Stable isotope ratio:
oxygen and hydrogen of the water samples were analyzed by an isotope ratio mass spectrometer.

The fact that the sulfate concentrations decreased linearly with depth from seawater value to under the detection limit (UDL)
is consistent with the anaerobic oxidation of methane by a bacterial consortium that uses sulfate as an oxidant in the proce:
of oxidation. In other words, we can estimate that the depth where the sulfate is UDL is the SMI depth. The finding that the
SMI depth of all cores is less than 1 m below the seafloor (including extrapolated SMI of TK-11 GC1105) suggests an intense
methane flux from below in the studied area. The fact that no ionic anomaly of chloride and sodium ions and no isotopic anomaly
of hydrogen and oxygen was observed in the pore waters suggests that GH was not contained in the cores.
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Origin of lithium in pore fluid of Kumano mud volcano, Nankai accretionary prism
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The science program for the first offshore production test of methane hydrates
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Study on formation efficiency of alcohols and aldehydes in gamma-irradiated methane

and ethane hydrates
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Pattern formation of tetrahydrofuran hydrate and an image-analysis technique to measul

hydrates size scale
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