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CO; emission and shallow-type methane hydrate decomposition experiment

on deep-sea floor

Yoko Ohtomo!2*, Akira Ijiri"2, Yuki Morono'2, Yojiro Ikegawa?, Hiroshi Suenaga®, David Case*, Hideaki Machiyama?,

Fujio Yamamoto®, Shusaku Goto®, Tatsuhiro Fukuba’, Makoto Nagasawa®, Masamitsu Matsumoto®, and Fumio Inagaki'?

Increasing anthropogenic CO; in the atmosphere causes global warming and subsequent environmental changes, which
may lead to an increase in natural disasters jeopardizing human society. Prompt technological development for CO, capture
and sequestration is required in the international community. In this study, we performed CO, emission and shallow-type
methane hydrate decomposition experiments at the Joetsu Knoll, offshore Joetsu, Niigata, Japan, as pilot studies to test
feasibility of CO, sequestration and methane recovery using methane-CO, replacement in shallow-type methane hydrates.
An isobaric cylinder pump and probe with a built-in heater (“Heat sonde”) were developed to inject CO, in deep-sea,
high-pressure conditions. Before injecting CO, into a methane hydrate located in deep-sea sediments, we attempted CO,
emission directly into deep-seafloor. In the experiment, liquid CO, was emitted at the head of Heat sonde, however, the
isobaric cylinder pump became clogged during operation. The result reveals that precipitates of CO, hydrate, which are
generated during mixing of inflow seawater and outflow liquid CO,, blocked flow lines of the isobaric cylinder pump and
Heat sonde. This suggests that our developed instruments must be improved for future work. We also observed the collapse
of an exposed methane hydrate layer at the seafloor upon contact with the Heat sonde in our experiment.
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Fig. 1.

Schematic view of the CO, injection system in deep-sea conditions. The CO,-filled Isobaric cylinder pump is controlled from the HPD oil

pressure ports. Extrusion capacity of the isobaric cylinder pump is estimated by position of the indicator. CO,, forced out of the isobaric cylinder pump,

is emitted from the head of Heat sonde. The Heat sonde has a built-in heater and operates using the HPD power source ports via the electrical box

(maximum temperature: 80°C).
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Fig. 2. Photos of the (a) isobaric cylinder pumps and electric box exterior to the HPD, (b) stored under HPD, and the (c) Heat sonde and (d) full HPD
payload. (e) Cartoon of CO; injection methods into shallow-type methane hydrates in deep-sea sediments.
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1 and 2, respectively.
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Fig.5. CO,-H,0 phase diagram (Spycher et al., 2003). H: CO,
hydrate, L,: water-rich liquid, L,: CO,-rich liquid, V: CO, gas. Points
A and B represent P-T conditions at a sea depth of 450 and 160 m during
HPD recovery, respectively.

5. REBRSEMTIZBIT S CO-H0% DA (Spycher et al., 2003). H:

CO, A FL— 1k, Li: K (ffK), Ly: CO, (BAK), V:CO, A, HA, B
1ZZNZFNHPDH | & EIFHEOKZE450m, 160m 2B BIREEZRT.

Fig. 4. Photos of (a) droplets of liquid CO, and (b) CO, gas emitted from the head of Heat sonde (1000 m and 160 m below the surface of the sea,
respectively). (c) photo of liquid CO, emitted from the head of Heat sonde without the Ti sintered filter 1000 m below the surface of the sea. (d) Photos
of Heat sonde inserted into seafloor sediments and (e) CO, vents of the head of Heat sonde, clogged with clay and CO, hydrate.
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Fig. 6. (a) CO; injection experiment from a tube connected directly
to the isobaric cylinder pump. White solid material is CO, hydrate
produced upon mixing between liquid CO, and seawater. (b) pH
shift during the CO, emission experiment. (c) Calculation of DIC
concentration change in surrounding seawater as a function of pH
change and assuming constant alkalinity.
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