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Abstract

The deep ocean CO: storage, in which liquid CO:; is stored in a dented ocean floor deeper than 3500 m
where liquid CO. is heavier than ambient seawater, is a promising measure to mitigate the global warming, be-
cause its sequestration term is expected longer than 2000 years, the vertical ocean circulation period. In order
to get the necessary data for the evaluation of this method, the properties of CO. hydrate, dissolution and diffu-
sion process of stored CO. and the biological influence of dissolved CO. were investigated through the land-
based experiments, the numerical simulation and the in situ experiments.

On the properties of CO, hydrates, the hydrate membrane strength was measured by a modified Du-Nouy
type surface tension meter, in fresh water, in saline water and in CO, rich water. As a result, it was found that
the strength increases about 10 times just below the dissociation temperature and in COssaturated water.
And it was also found that the membrane deforms a lot under stress in under-saturated water but it shows al-
most no deformation in saturated water. These unexpected phenomena are to be considered for the evalua-
tion of CO, ocean sequestration. “Free water molecule model” proposed by the Aya et al. can well explain
the above phenomena and made clear that the deformation is a kind of rebuilding process of hydrate mem-
brane. Another experiment succeeded in simulating the overflow phenomenon discovered by Dr. Brewer et
al. in their in situ experiment at Monterey Bay.

On the CO:; dissolution and diffusion process, the numerical simulations for two and three dimensional sys-
tems around CO. storage site were conducted as a trust research to the Sojo University. The results show
that the stratified layer formed above stored liquid CO. well suppresses the dissolution rate of CO, from the
storage site and the pH lowering is only 0.2 above stratified layer, which implies the sequestration term
longer than 2000 years can be expected

As another trust research, the Tokyo University of Fisheries conducted several in situ surveys in Suruga
Trough and a deep seafloor depression south east of Haha Island, potential sites of CO storage. The site in the
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latter location seems to be suitable from the scanty biomass. An investigation on the possibility of the endemic
fauna, however, must be done from the point of conserving biodiversity. A preliminary study on the lowering
effect of pH on a deep-sea Copepod (Neocalanus cristatus) was also conducted to show an equivalent toler-
ance range with oceanic zooplankton in shallow waters. Considering long-term effect of low pH and topog-
raphical character of the site, it is necessary to have intensive investigation around the site before considering
storage experiments.

From the joint in situ experiment with the Monterey Bay Aquarium Research Institute, it was suggested
that sea animals such as hagfish might be insensitive to the dissolved CO..

Key Words: Carbon Dioxide, Deep Ocean Storage, Hydrate, Membrane Strength, Dissolution, Diffusion, Eco-
system, Storage Site, pH Dependence
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ETFIHE0) PUIKRE 25720
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B AR A OB & FEE RIS H 5 IS
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720 FORER, BE ORI ERE LY E
BEZIERCACC, MBI & 2 T S
SRS L2BIRTH 205, WO L RS
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4. 3. 2 {&kpH-:ECO.BEOFENAE
FigEEBE LT, HEEEIC X D pH £5.9, 6.7,
OWEE LMAKIZAHA T V&S AKERL
Y2 A, EERBIIAT2RFM %S pHS. 92 BT 1 fEE
AT L7=DH (4 HH® pH6.58) T, ZNLIRE
S HHFTIRAZEMEEIRD N Lh o7z £2
T, pHZ 47557 TO 5 ERICHEL, & 310
KEHCTEERE TR, FEERBGREO pHS. 99
B UM, 04 TIEBAR 120 R R F T3 R THRTE L 726
TOMER % I ARV ESE L2 DI pHE. 35X TTH
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00
o,  M=59 IpH+405 M- 10856751
0.682 sl 0943
0h 6 p>005 .
) o © n=7,p<0.005
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© ©
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pH pH
&:—HHBNR O:ZHHE"

35 CO, DEMIZ L - T pH Z R L z#AKPIC

X34 EWCOBEEDEMITG R B EERAND 7

DTV RE
BT B 5 A 7 V8 Scottocalanus helenae @
RO
£1 CO.BLUEERMCE 21 pH EARTIIBIZAAT VRO LCG B LD

LC, DR AL
FESEARRIC L B CORINC L 2 D,
"FE%iZ Yamamot and Tkeda (1999)12 X 2 HEBESRMIZL 2 H D

species 24h 48h 72h 96h
Scottocalanus helenae LCso 6.00 6.49 6.75 7.03
LCo 6.85 6.95 7.84 8.10

Mesocalanus tenuicornis ~ LCso 6.32 7.15 6.83 7.27
LCo 6.80 7.39 7.43 8.28

Calanus pacificus LCso 5.83 6.02 6.02 6.14
LCo 6.33 6.32 6.33 6.79

Neocalanus cristatus LCs 5.39 5.67 5.82 595
LCo 5.92 6.21 6.22 6.16
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FRE104E11 H18H. MBARI & [T CO, I8 i
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5TV, ZOBE, —ED X7 F 7 FFHZRK, pH
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5. 1. 2 CO.RiEEVAHLY AT LOWKE

SR AT AT 22 AT DS BB 14E 3 H 12 H A HERT 2 LA
L7z, COMRERED AM Y AF 4, COSMOS (CO.
Sending Method for Ocean Storage) ¢ B % (Z Ifi] iF
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BT, pHAY1 BE F235.
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AR CO. O SIZLT0.15mm M (1 m
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5. 3. 1 BANS7EBEEROEMAT
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WTHb,
- COAZ X B MIEARRIZ, pH7.0~7.3TH 5%,
SAMEEMEE. pHOKTF L v X b, ##CO.
Z Db DOEED LB E
ZEDBHENE R ST TOREE, FiRow
IXRE DK % 58 L 72 pH 55418 O B FARAT %5 312 0)
IS5 &, K pH - 5 CO M IEILIC X B ARERA
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