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Executive Summary

Natural gas hydrates are known since Sir Humphrey David observed them ex-
perimentally in 1810. They got a bad press since the beginning of the oil indus-
try as, in particular conditions, they tend to form into pipelines carrying natural
gas (or oil) damaging the operation of the line with moving slurries or solid
plugs (Table 1).

Natural gas hydrates form when water and gas are present, under certain
conditions of pressure and temperature. Then highly charged dipole water
molecules envelop (with a regular polyhedron) the electronically smooth and
round methane molecule. This structure is thermodynamically fairly stable and
can assemble into cubic crystals (water alone produces hexagonal crystals).

This “caging” is fairly efficient in terms of CH, retention and one cubic meter
of hydrate can contain up to 150 cubic meters of methane. So much that there
is talk of rransporting methane in this form instead of as LNG, e.g., as a slurry
suspended in crude oil cooled to -10°C or so.

Gas hydrates came to the limelight when, calculating the geological setting
where they would be stable, especially on the continental shelves, scientists
found really staggering, if potential, holding capacities.

Drilling here and there in an exploratory way showed that these hydrates
really exist, filling the imagination of scientists and political economists with a
possible, almost inexhaustible, source of methane (Fig.1). It must be clear that
almost all is extrapolated from a few grams or tons of stuff recovered and mostly
floats on scientific selfconsistency and very promising seismic soundings.

The great advantage of hydrates is that they do not necessarily need a geo-
logical trap, with porosity and impervious cap, to contain gas, so accumulation
can occur in the most varied geological settings, provided the relatively ample
stability parameters for the hydrate formation are met. Furthermore, if a contin-

uous plug of hydrate appears at a certain depth, the gas below is trapped as the
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plug blocks its ascent (Fig.2). In clays, where gas permeation is slow, the as-
cent, if not blocked, can be sleepy, and that may explain the large masses of gas
even above the plug. Apart from diffusion speed there is also capillary action to

keep the gas in place.

The amount of trapped gas has been calculated and the results from vari-
ous authors are very different but they have in common immense quantities:
101°+10!® cubic meters. One fundamental question is where all that gas comes

from.

The western dogma is that it comes from bacterial manipulation of organic
ooze. Or from thermal decomposition of the same. In Eastern European coun-
tries, since Mendelev, one had the suspicion, supported by many indicators, that
some or most of the hydrocarbons are of inorganic, i.e., mineral origin, methane
being primary and bacteria doing the rest. This thesis has been defended with
great force and arguments by Tommy Gold, a planetary astrophysicist who ap-
plied his techniques to assess planet earth, whose last book “Deep Hot Bio-

sphere” contains all the information and references about the theory.

In a nutshell, the earth has not been formed from a molten blob of sun, it
would be helium and hydrogen, but from the concretion of meteorites, many of
them being “chondrites” with fairly high carbon contents. Packed and heated
in the earth mantle, this carbon slowly reacts with the oxygen and hydrogen in
the rocks producing methane and carbon dioxide which are stable at the high

temperatures and pressures that can be found in the mantle.

The methane (and some other light hydrocarbons which happen to be sta-
ble) slowly moves up, in rock “bubbles”, being rock plastic at high pressure and
temperature. Thus, in principle, methane simmers all over the place, although
the inhomogeneity of the earth crust can provide favorable channels for ascent.
Gold provides on this line a convincing interpretation of the extraordinary con-

centration of hydrocarbons in the Middle East, all ranged along the border of
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the Arabic plate, with no connection to the geological history of the various
segments of land. He also points to the curious geographic coincidence of the

petroleum, volcanoes and earthquake belt in southeast Asia (Fig.6).

Methane can also bubble up in solid granite cratons where certainly there
are no botanic sediments, although bacterial life flourishes on the free energy
carried up by the methane itself. The oxidizing power is taken from the rocks
(typically by reducing iron and sulfur oxides). Microcrystals of ferrite of the
kind produced by bacteria, has been found in the Silyan granites in Sweden, in

deep perforations suggested by Gold, by the thousand of tons (estimated).

With the immense sedimental layers in the Caspian and in the Siberian area,
and especially if the methane exhales from the mantle, the amount of methane
fending its way up is immense. In the Caspian province one of the most typical
manifestations are the mud volcanoes, where probably a mud diapir (a big blob
of mud) arises in the sediments, supposedly due to its methane content, and at
a certain point explodes as a volcano spitting in terms of days millions of tons

of methane (that catches fire) and leaving behind a large cone of clay (Fig.3).

One could argue that with such an unlimited wealth under theier feet the
Russians would concentrate on geological mapping in terms of extensions and
structures and also concentrate on the possible ways to bring this methane to the
pipeline. The situation is certainly more torpid than the premises would suggest
and in both directions the efforts appear limited and occasional. One should not
Jorget that Russia has the largest “conventional” gas fields in the world, if in

faraway locations, and still struggles to bring this gas to the markets.

Much of the gas hydrates seem to be in 2 more or less unstable situation, as
changes in pressure and temperature can mobilize them. However, the decom-
position of the hydrate is quite endothermic, and this puts a brake to the speed

of decomposition. Soil has negligible thermal conductivity. Actually a really

explosive and macroscopic decomposition can occur only when a landslide on
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an ocean border brings down and mixes with warm seawater a large amount
of hydrates. A megaphenomenon of this kind occurred, probably 7,000 years
ago, when about 300 km of Norwegian shelf rolled down over the plains of the

Atlantic bottom.

All this methane perched on unstable slopes and hidden by capillary reten-
tion in clays above, constitutes a source of preoccupation for ecologists and
climatologists although really large and evident burps did not seem to have oc-
curred in historical times. Climatic records in ice and rocks should tell it. A line
still to explore is where the methane goes when continental plates slip under, as

in western South America and also in Japan.

The old T. Gold formula is that the best way to protect the atmosphere from
seeping (or exploding) CHy is to pierce the primary source, extract the methane
and burn it (and dispose CO,, I would add). If the seepages are moderate,
usually a vigorous ecosystem establishes itself on these emissions and takes

care of the disposal of CH, if not of the COs.

The North Sea and the Gulf of Mexico are spotted with bottom islands of
flourishing ecosystems (Fig.4) where the food chain starts from seeping hy-
drocarbons and bacteria that metabolize them. Even worms living in methane
chelates seem to have been discovered in the Gulf of Mexico. In front of Nor-
way large mountains of coralline origin, but made by deepwater corals feeding
on bacteria, are thought to have been located over large seeps much extended
in time. The sheer mass of this emission excludes organic sediments and lends
weight to Gold’s hypothesis of earth mantle degasing, where “source” volumes

are an order of magnitude larger.

According to Gold, also formation of peat from the slow growth of moss and
aquatic plants in the northern regions of Europe is suspiciously linked to high
levels of methane in the underground, and by the fact that peat is produced only

in certain patches when the environment is substantially homogeneous. Actu-
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ally, by digging under the peat bog and around, methane and more complex
hydrocarbons are found, improbably coming from the decomposition of the or-
ganic material. Peat is also formed along faults in steep Swiss mountain sides

(Gold).

This idea that the primary source of hydrocarbons is in the earth mantle
revolutionizes the philosophy of hydrocarbon’s search and wise oil compa-
nies should have separate prospecting teams competing, some based on the old
dogma and some on the new. Japan located on a piece of earth crust twisted
and cracked by very active tectonics, might have privileged areas of methane
upwellings which does not form carbohydrate fields because of poor geologic

traps, but can be captured in their slow diffusion upward (Fig.4).

Coming to brass tacks, the contribution of Russian scientists and engineers
to the problem of harnessing gas hydrates appears very limited. This activity is
mostly related to assessing, with computer models, the areas where gas hydrates
should be present, and make some scattered checks. Even the much quoted
Messoyakha gas field in the West Siberian Basin, where a sizeable proportion
of the output was attributed to decomposition of hydrates, is now under fine

scrutiny. The free lunch was not there apparently. Even the presence of hydrates

1s questioned.

The Ukraine seems to be more active. She needs hydrocarbons and currently
saps Russian gas pipelines going through her territory. According to a model
produced by the Siberian Energy Institute in Irkutsk, large hydrate bodies could
be present in the ooze facing Ukraine, in the Black Sea. Recent soundings seem

to confirm the calculation of the model. The Ukraine certainly has the drive to

look for and extract (Fig.6).

The final, and central, question is how to retrieve the methane. The most
common proposal, even Russian, is to drill a well and leave it empty so to speak.

Because the stability of the hydrate is linked to a certain level of pressure, it
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will decompose. As simple as that, but the decomposition is endothermic. The
hydrate will cool down and decomposition stops. Because conductivity of rocks
and soil is very low, it will take thousands of years for the appropriate amount
of heat to flow in and reestablish the decomposition.

Russians have proposed “antifreezes” that lower the decomposition temper-
ature, such as, e.g., methyl alcohol. In this case the heat for the decomposition
comes from the cooling of the mass. Limited but interesting. The problem is
the cost of the antifreeze. Natural gas is a very cheap product and one has to
count the cents to be competitive.

The solution to the problem that for me takes the rank no. 1 comes from
Japan. It proposes to mobilize the methane in the hydrate by substituting a
methane molecule with a CO; molecule. The idea has been proposed and is be-
ing developed by Kazunari Ohgaki of the Department of Chemical Engineering
at the University of Osaka.

Although the actual realization may require much skill in managing gases
in and out of the fields without mixing them too much, the advantages of the

System are:

o The problem of decomposition energy of the hydrate is neatly solved by

the substitution.

¢ The problem of CO; disposal that looms high on the ecological policies

can be neatly solved.

A plant reforms methane, more or less at the source, and sends CO; back
to the fields and H, (as city gas, impure with CO and other things) to the final

consumer.
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Resumé

Ocean clathrates in just 20 years have gone from a scientific curiosity to an
intensely searched subject. In the words of the optimists they promise an almost
unlimited source of natural gas, spread more or less around the world, basically
in the ocean boundaries. The estimates of methane contained range between
10'% and 10'® cubic meters.

Very little has been done on the technology of recovering them as a patent
search has shown. Between various suggestions, the Japanese proposal to undo
natural gas clathrates by injecting CO» that forms itself clathrates in substitu-
tion appears the most valid, although the logistic of the two gases in and out is
still to be architectured.

The ideal machinery to exploit that in an ecological way would then be to
reform CHy and send CO; underground again, with city gas produced in the
reforming, piped to the final consumer. Transportation of hydrogen in pipelines
has costs very near those for natural gas.

Research and experimentation have grown exponentially in the West (Fig.1).
The Russian situation is simply described as of mild interest except for a few
more or less academic initiatives. Their publications in fact peak in the seven-
ties. Russia is probably endowed with very large gas clathrate deposits even
underground, in Siberia, but also with enormous gas deposits and her real prob-
lem riow 1s how to bring them to the markets in Europe and Asia.

It does not appear that the Russians have a particular experience in clathrate
extraction, although their recent agreement with India may leave suspicions
about that. Even the case of the Messoyakha field, where part of the methane
extracted was thought to come from clathrates is now put in doubt. Ukraine,
however, has recently shown an interest, but presumably will wait for western

initiatives to exploit her deposits in the Black Sea.
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Natural Gas Hydrates and Their Properties

Methane hydrates are a type of “clathrate”, which are compounds formed when
molecules of one type form a lattice structure around a cavity and molecules of
another type are included in the cavity.

There are three structures of hydrates: I, II, and H. Each has different num-
bers of water and gas molecules. The ratio of water molecules is called the
“hydrate number”. The amount of gas actually contained in a hydrate is called
the “degree of filling”.

If completely filled:

e Structure I hydrates contain 46 water molecules per 8
gas molecules. The hydrate number is 5.75. The water
molecules form two small dodecahedral voids and six

large tetradecahedral voids. These voids can hold only

small gas molecules (methane, ethane) with molecular
Structure | Hydrate
diameters not exceeding 5.2 angstrons. (Source: Sassen)

e Structure IT hydrates contain 136 water molecules per
24 gas molecules. The hydrate number is 5.67. The
water molecules form 16 small dodecahedral voids and
8 large hexakaidecahedral voids. They may contain

gases with molecular dimensions from 5.9 t0 6.8, such |

as propane, a three-carbon hydrocarbon, and isobu-
tane. Structure IT hydrate was first produced in labo- (Sstgﬂfg‘e" %;';S'gg)f ate
ratory experiments. It was first found in a natural envi-

ronment in 1983 at a depth of 530 meters.
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About 15% of the weight of gas hydrate is gas, and 85% is water. the density
is about 950kg/cubic meter. These measurements vary with the gas composition
and the pressure and temperature at the time the hydrate is formed.

Pressure and temperature must be above an equilibrium line for hydrates to
form. In general, as pressure increase, so does the temperature at which hydrates
can form. However, many factors may influence the temperature and pressure
needed for formation, including the exact water and gas composition. Equilib-
rium curves for the hydrate structures are shown in Fig.7, and the property of
methane hydrides and ice are reported in Table 2.

In some cases, inclusion can change the conditions under which hydrates
can form. For instance, when propane and methane combine in one structure,
hydrates can form over a broader range of temperature and pressure.

Why is it important to study methane hydrates? According to the U.S. Geo-

logical Survey’s William Dillon,
o Hydrates have potential as a future energy resource.

o Hydrates may be a source and also a sink for atmospheric methane. Better
understanding of these natural deposits may increase our understanding of

climate change.

e Hydrates affect the strength of the sediments in which they are found. Ar-
eas with hydrates appear to be less stable than other areas of the seafloor.
Consequently, it is important to assess their presence prior to the construc-
tion of underwater structures related to gas and oil exploration and produc-

tion. Lack of stability might also be a factor in climate change.

Additional reasons include:

¢ Hydrates may be an alternative to pipeline transmission as a way to move
natural gas from deep water to the terminals of existing offshore pipelines

and also, on land, from production areas to consumption areas.
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e Hydrates might be used as a vehicular fuel, especially for relatively large

vehicles such as ships.

Where are hydrates located? Scientists are only just beginning to study of
methane hydrate deposits. In the USA, deposits have been confirmed on all
areas of the continental shelf and under Alaskan permafrost. Similar deposits
have been confirmed in many locations throughout the world. But little is known
about the actual size and location of even most hydrates that are presumed to
exist.

Scientists are constantly making new discoveries about hydrate deposits that
frequently challenge old assumptions. Only in the mid-1990s, for instance, were
ice worms discovered living on hydrate outcroppings in the Gulf of Mexico.
And new types of hydrate formations are being located. In 1995, for instance,
scientists found an undersea volcano off the coast of Norway, approximately
half a mile wide and under 4,000 feet of water. Further exploration in 1996
revealed that its slopes are covered with a layer of methane hydrate possibly
spewed from the volcano. Future investigation is planned.

How much methane is found in the form of hydrates (Table 3). Estimates of
the amount of gas sequestered in hydrates varies markedly. today, most scien-
tists estimate the low side as approximately 100,000 trillion cubic feet (TCF)
to, on the high side, 270,000,000 TCF.

What are the expectations to recover gas from hydrates? It appears likely
that some methods of extraction will be found. However, scientists urge cau-
tion until production feasibility is carefully assessed. Statements such as the

following are common in research reports:

Recoverability of gas from these deep marine structures is very prob-
lematical at this stage. Important constraints such as permeability
are not usually taken into consideration, but new drilling technology,
such as horizontal drilling through the reservoir to enlarge the drill
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hole face area, may compensate for the low permeabilities normally

found in marine sediments. [Max and Lowrie, 1992]

It is possible that the volume of gas in the world’s gas hydrate reser-
voirs exceeds the volume of known conventional gas reserves. How-
ever, the resource estimates include numerous assumptions that need
careful testing, such as the concentration and extent to the hydrate
accumulations. Moreover, little work has been performed on the pro-
duction potential or the economic feasibility of gas hydrates. [Collett

and Kuuskraa, 199§]

While the published estimates of methane hydrate abundance are enor-
mous, it is likely that most of the hydrate occurs in low concentrations

and has no commercial potential. {Johnson, 1998]

The Office of Fossil Energy of the US Department of Energy has recently
tried to put somehow more indicative numbers on the US hydrate resources

(Methane Hydrate Program, April 1998).

lRegion EMean Estimate {TCF) ]Percentage of Total U.S. Hydrate Resource
fAtiantic Ocean |51, 831 |16.1

|Gulf of Mexico  |38,251 [12.0

|Pacific Ocean 61,071 119.1

|Alaska Offshore |168,449 |s26

|Alaska Onshore [590 0.2

Resource estimates are made by several methods that may be used in combi-

nation:

o The results of seismic surveys, which frequently indicate the presence of
hydrate deposits that cap a deposit of free methane below. However, seis-
mic analysis frequently does not give a good indication of hydrate deposits
that do not cap free methane.
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o Core samples taken either from oil and gas wells or from research sam-
pling. Studies of geology, including knowledge both of the underground
formations based on sampling/observation and of a region’s geological his-
tory. Max and Lowrie’s “Natural Gas Hydrates: Arctic and Nordic Sea
Potential”, for instance, is a good example of how an understanding of
geology (including temperature changes throughout the millenia, the like-
lihood of organic deposits in regions no covered by water, etc.) can be
used to develop hypotheses on areas likely to be rich in hydrates. And also
the presence of weak or strongly deformed geologic structures that may
facilitate the upwelling of mantle emissions. A rough map of the sites of

interest is given in Fig.9.
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Recovery of Gas Hydrates: Many Ideas, Any Solutions?

Gas hydrates have the basic problem that their endothermic decomposition re-
quires heat that the poor conduction of rocks and soils cannot provide at the
appropriate rate.

So the first idea is to try to bring heat from above. The imagination of the
inventors produced some rudimentary paper proposals which we report as they
may be the basis of more evolved ones.

As said before, in my opinion the best trick is to inject CO; in the hydrate
layers, and use its heat of hydration to pull CH, out. This line is followed in
Japan already.

The description of the various possibilities when injecting steam to heat the
hydrates to decomposition are schematically given in Figs.7-14. To my knowl-
edge there is no systematic experimentation yet on these methods although in
many ways they resemble the ones used to extract thick oils.

A CO; 1njection system would work exactly with the same mechanism.
However, fixation should be precise as CO, does not separate as easily as steam
in case it is carried back by ascending methane.

In actual operation very little shows up. Filtering the outcome of a recent
“Gas Hydrates” workshop at the University of Leeds (April 1998), one finds a
sizable amount of explorations, even in out of hand oceanic places, but no actual
extraction experiments, except the ones announced by Japanese sources (Tokyo
and Osaka Univerities, JAPEX, and INOC) for drilling in the Nankai trough.

Excellent papers on the physical chemistry of hydrates containing CHy, COs,
CyHs and other components have recently been published by R.K. Bakker.
These studies can be of fundamental importance in establishing the right strat-

egy to extract CH, from hydrates.
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CONTINUOUS STEAM MODEL WITH HORIZONTAL FRACTURE
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DRETAILED DESCRIPTION OF
lc;()NTINUOUS INJECTION MODEL WITH HORIZONTAL FRACTURE
| ’ -
1

(SIDE VIEW)

STEAM IN : . GAS & WATER OUT
\ \ OVERBURDEN ' §
— HYDRATED SEDIMENTS —
N —i_
_ \_%F’m'ﬁ _ 1

1 STEAM IN .

— || GAS 4

~—__ L DISSOCIATED ZONE —
| WATER — T o~ — ——

— T T et~ i il TP e
Z=_| [FRACTURE ~— =~ —— .= =~ __ WATER =
I HYDRATED SEDIMENTS 1T
= s




HEAT CONDUCTION PROBLEM N VERTICAL DIRECTION
FOR HORIZONTAL FRACTURE CASE - CYGLIC MODEL
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CONTINUOUS STEAM MODEL WITH VERTICAL FRACTURE

(TOP VIEW)

— e pmmu e HYDRATED SEDIMENTS -

STEAMIN 1156 0CIATED
ZONE _

VA

— GAS & WATER QUT _

HYDRATED SEDMENTS —

e — ek Se— ik S— S——

(SIDE VIEW)

STEAM |N_1§7 |-EDGAS & WATER OUT
e T T—

=== =T VERBUNDEN"

—

/— — HYDRATED _— —
—  SEDIMENTS

B e ———
_— e — —

- —— — — e ——

——— ——— — — g——
——— ——

Fig.12.



HEAT CONDUCTION PROBLEM IN HORIZONTAL DRECTIOM
FOR VERTICAL FRACTURE CASE - CYCLIC MODEL

(TOP VIEW)
5T/5X=0 _
— - —— = X=Xmax
HYDIRATED SEDIMENTS —_—
—_— . - _= ”1,T0

DISSOCIATION FRONT

DISSOCIATED
STEAM IN ZONE
m VERTICAL
TN R e R RS R TRy IR D e Y L D), e M R

RENFRACTURE

DISSOCIATED
ZONE Ny ToB-Ts

DISSOCIATION FRONT

- HYDRATED SEDIMENTS

Fig.13.



~1017-=27

/

/1/ 41

chN pele|ooss|g

/i/v/ //

-
LN W VR VAR VK L\
o o 0 o) o]
o
Q o
o o ° . o
O Joasesey seg © o
0o o0 4 4 o
o)
o @injoei4
0 o \\Ecou_._o_._
- 0=/

de) 91BIpAYH

PL=2

E 1n0 SvO

(M3IA 301S)

~je1Zz=2Z

FUNLOVHA TVINOZIHOH HiIM 130N dvD 1 YHAAH NOISSIHAWANIA

PI31g



What about Hydrates Under Permafrost

Having a mean surface temperature around —10°C creates conditions for hydrate
formation under the land. Normally, the geothermal gradient produces too high
temperatures versus depth, i.e., pressure, to find zones of hydrate stability.

Because working on terra firma is much easier than working over the ocean,
there is a special interest for detecting and hopefully exploiting gas hydrates
under permafrost, i.e., geographically in boreal regions.

As Fig.15 shows, most permafrost land (and ocean) are located in Russia.
The hydrate reserves could then be found at very convenient depths, between
300 and 1000 meters (Fig.16).

As said before, because these hydrate layers could accommodate CO, in
place of CHy, it would be very ecological if the Russians could reform their
CH, to 4Hy and CO; and pipe Hy to the final consumers. It could be their best

contribution to the Kyoto agreements.
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///< Continuous Permafrost
N\ Submarine Permafrost

The approximate location of the
—5° and —15°C isotherms of annual mean
surface air temperature and the areas of con-
tinuous Northern Hemisphere permafrost
and identified subsea permafrost. (Per-
mafrost data courtesy of Jerry Brown of the
US. Army's Cold Regions Research and

Engineering Laboratory.) Fig.15
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Who Is Doing Research on Gas Hydrates

We scanned the listed literature, and some not listed, to try to find out whether
there are centers of excellence, so to say, for research on hydrates.

We found really none. The papers come from disparate places, basically
universities, showing that the driving force is just academic curiosity.

In the case of Russia, a number of papers come from Moscow inevitably, but
also from Irkutsk (that has a computer model to establish where hydrates can be
found) and Novosibirsk.

The coagulation points can be expected when real interest and proportionate
money will start moving. The Russian-Indian deal may foster research in Rus-
sia. Gasprom is the richest company in Russia. And Japan is also condensing a
line of action with various institutions collaborating,.

Some driving forces in the study and practical handling of hydrate may come
from the possibility, recently suggested, to transport methane in form of hy-
drate. A slurry of hydrate would be mixed with crude oils and shipped in cur-
rent oil tankers, at atmospheric pressure. To ensure stability one should cool to
-10°C or so, but decomposition of hydrate grains generate an ice skin on the
grain and finally practice will suggest the best compromise. A certain decom-
position level can be acceptable if the evolving gas can be used to propel the
ship.

At present an amount of gas equivalent to the whole consumption in Europe
1s flared around the world because of the expense of transporting methane over
long distances as LNG. A cheap way could mobilize important resources and
incidentally reduce CO, emissions in a very important measure (equivalent to
zeroing Europe’s emissions, more or less). A fact which Kyoto legislators did

not seem to have weighted sufficiently.
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Molecular Dynamics Simulation of Clathrate-Hydrate Formation.

HIRAI SHUICHIRO (1}; OKAZAKI KEN (l); KURAOKA SHINSUKE (2); KAWAMURA
KATSUYUKI {3}

(1} Tokyo Inst. of Technol.; (2} Tokyo Inst. cf Technology, Graduate School

; {3} Tokyo Inst. of Technol. Fac. of Sci.

Nippoen Dennetsu Shinpojiumu Koen Ronbunshu, 1996, VOL.33rd,NO.Vel 1,
PAGE.339-340, FIG.3, REF.1

JOURNAL NUMBER: F0872CAE

UNIVERSAL DECIMAL CLASSIFICATION: 548.73:544.142.3/.4

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Conference Proceeding

ARTICLE TYPE: Short Communication

MEDIA TYPE: Printed Publication

ABSTRACT: The phenomena of clathrate-hydrate formation has been conducted
by molecular dynamics simulation. Positions of Ar molecules(guest
molecules) were fixed and formation of cage structure by H20 molecules
around the Ar molecules were precisely simulated by the present
calculation. The interpretation of the formation mechanism was
discussed in detail. (author abst.)

DESCRIPTORS: clathrate compound; hydrate; water molecule; molecular
dynamics; argon; water; intermolecular interaction; hydrogen bond;
computer simulation; molecular orientation

BROADER DESCRIPTORS: molecular compound; addition compound;
compound{chemical); solvate; triatomic molecule; polyatomic molecule;
molecule; dynamics; rare gas; element; third row element; interactiom;
binding and coupling; computer application; utilization: simulation;
orientation(direction)

CLASSIFICATION CODE(S): BKO9050T

3/9/3
DIALOG(R)File 94:JICST-EPlus
{c}1997 Japan Science and Tech Corp{JST). All rts. reserv.

03166561  JICST ACCESSICN NUMBER: %6A0155971 FILE SEGMENT: JICST-E

Formation and dissolution of €02 clathrate hydrate under deep-ocean
dispesal conditions.

" WARZINSKI R P (1); CUGINI A V (1); HOLDER G D (2}

{1} Pittsburgh Energy Technol. Center, U.S. Dep., PA, USA; (2} Univ.
Pittsburgh, PA, USA

Ionics, 1995, VOL.21,NO.12 bessatsu, PAGE.S5-7, REF.2

JOURNAL NUMBER: FO043BAT ISSN NO: 0388-659X

UNIVERSAL DECIMAL CLASSIFICATION: 628.511

LANGUAGE: English COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Short Communication

MEDIA TYPE: Printed Publication

DESCRIPTORS: air pollution; global warming; carbon dicxide; exhaust gas
treatment; undersea storage; hydrate; clathrate compound; droplet;
covering; fixation; sea disposal

IDENTIFIERS: deep sea disposal )

BROADER DESCRIPTCRS: environmental pollution; pollution; warming{climatic};
climatie variation: fluctuation and variation: carbon oxide: exide:
chalcogenide; oxygen group element compound; oxygen compound; carben
compeund; carbon group element compound; waste treatment; treatment;




storage; solvate; addition compound; compoundichemical); molecular
compound; surface treatment; underwater dispcsal; waste disposal
CLASSIFICATICON CODE(S): SC04020W
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(c)1997 Japan Science and Tech Corp(JST). All rts. reserv.

02966629 JICST ACCESSION NUMBER: 95A06594225 FILE SEGMENT: JICST-E

High-pressure phase behavior of the mixed system including €02 clathrate
hydrate,

OGAKI KAZUNARI (1); HAMANAKA TARAHIRO (1)

{1) Osaka Univ., Fac. of Eng. Sci.

-Kagaku Kogaku, 1995, VOL.59,NO.8, PAGE.S583-584, FIG.3, REF.3

JOURNAL NUMBER: FOO039AAT ISSN NO: 0375-92%53 CODEN; EKGKA

UNIVERSAL DECIMAL CLASSIFICATICN: 66.021.4

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

-DOCUMENT TYPE: Journal

BRTICLE TYPE: Short Communication

MEDIA TYPE: Printed Publication

ABSTRACT: A visible type high-pressure cell of 100MPa resistant provided
with vibrational agitation was prepared. The coexistance relations of
CO2 hydrate, liquid €02 and H20 was measured up to a maximum pressure
of 82MPa. With deep-sea hed storage of C02 in mind, density reversion
phenomena of CO2 hydrate, liquid C02 and H20 phases depending on
changes in temperature and pressure was chserved. From these results,
the possibility of a long-term stability storage of liquid C02 in the
Japan Deep was suggested,

DESCRIPTORS: carbon dioxide; clathrate compound; hydrate; high pressure;
multiphase; phase diagram; mixture; water; liquefied gas; density;
natural gas

BROADER DESCRIPTORS; carbon oxide; oxide; chalcogenide; oxygen group
element compound; oxygen compound; carbon compound; carben group
element compound; molecular compound; addition compound;
compound(chemical}; solvate; pressure; phase(topology); diagram and
table; object; liguid

CLASSIFICATION CODE(S}: XDOL030U
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{c}1997 Japan Science and Tech Corp{JST). kll rts. reserv.

02955989 JICST ACCESSION NUMBER: 95A0744455 FILE SEGMENT: JICST-E

Molecular Thermo-fluid-dynamics. Investigation for the Stability of 02
Clathrate-Hydrate Using Molecular Dynamics Simulation.

HIRAT S {l); OKAZAKI K (1l); KURAOKA § (1); KAWAMURA K (1)

{1) Tokyo Inst. Technol., Tokyo, JPN

Therm Sci Eng, 1995, VOL.3,NO.3, PAGE.69-74, FIG.7, TBL.l, REF.9

JOURNAL NUMBER: L1615AAS ISSN NG: 0918-9963

UNIVERSAL DECIMAL CLASSIFICATION: 544.142/.144

LANGUAGE: English COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication

ABSTRACT: The stability of carbon dioxide clathrate hydrate which is the
crystal solid in which the water molecule seems to be tied by the
hydrogen combineding by making cage grid structure filled up in the
carbon dioxide molecule, is examined by the meclecular dynamics
simulation. Result shows that the clathrate hydrate of the carbon
dioxide is more unstable than that of nitrogen and argen, This paper
explaines the reason for this instability on basis of the database
which obtain from simulation.

DESCRIPTORS: hydrate; clathrate compound; carbon dioxide; argon; molecular
dynamics; numerical calculation; stability analysis; interatomic
potential

BROADER DESCRIPTORS: solvate; addition compound; cempound(chemical);
molecular compound; carbon oxide; oxide; chalcogenide: oxygen group
element compound; oxygen compound; carbon compound; carbon group
element cempound; rare gas; element; third row element; dynamics;
calculation; analysis; potential

-CLASSIFICATION CODE(S): CE02000C

3/9/10
_DIALOG{R)File 94:JTCST-EPlus
(c)1997 Japan Science and Tech Corp{JST). all rts. reserv.

02261926 JICST ACCESSION NUMBER: 95A0139281 FILE SEGMENT: PreJICST-E

Diffusicn of CO2 Gas and its Transfcrmation to Clathrate Crystals in Polar
Ice Sheets,

MAE SHINJI {1)

{1) Hokkaido Univ., Fac. of Eng.

Asahi Garasu Zaidan Josei Kenkyu Seika Hokoku( Reports of Researches
Assisted by the Asahi Glass Foundation ), 1994, VOL.1994, PAGE.583-590

JOURNAL NUMBER: GOO61BAQ ISSN NO: 0915%-9179 CODEN: AGSHE

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan
DOQCUMENT TYPE: Journal
MEDIA TYPE: Printed Publication



ABSTRACT: Microscopic cbservation of air-hydrate crystals were carried out
with ice core samples retrieved at Vostok Station, Antarctica. It was
found that the volume and number of air-hydrate varied with the
¢limatic change. For example, the number concentration of air-hydrate
crystals was about half in the interglacial ice compared with that in
the glacial ice. The mean volume gradually increased as the depth
increased and this means that the gas molecules can diffuse in the ice
and their rearrangement takes place. Formation investigation of
air-hydrate crystals shews that the nucleation of the crystals at the
boundaries between ice and air is most predominant mechanism in the
transformaticn process from air to air-hydrate crystals. {author abst.)

-

3/79/13
. DIALOG(R)File 94:.JICST-EPlus
{c}15%97 Japan Science and Tech Corp{JST). All rts. reserv,

02142984 JICST ACCESSION NUMBER: 94A0130684 FILE SEGMENT: JICST-E

.-Rresearch on the fixation technology of carbon dioxide by clathrate and
hydrate.

SAJI AKIRA (1}; NODA HIDETOMC (1); TANII TADAAKI (2); KAMATA TOSHIHIRO (3);
KITAMURA BIKARU (3}

{1} Chubu Electric Power Co., Ltd.; (2) Mitsubishi Heavy Industries, Ltd.,
Takasagc Technical Inst.; (3) Mitsubishi Heavy Industries, Ltd., Kobe
Shipyard and Engine Works

Kagaku Kogaku Shinpojiumu Shirizu, 1593, VOL.38, PAGE.143-148, FIG.10,
REF.19

JOURNAL NUMBER: FO8Q7BAP

UNIVERSAL DECIMAL CLASSIFICATION: 628.52/.53 614.777:628.19:551.464

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Conference Proceeding

ARTICLE TYPE: Qriginal paper

MEDIA TYPE: Printed Publication

ABSTRACT: Generation principle supporting experiment, continucus generation
experimentand sedimentation experiment of C02 clathrate (CC) were
carried out in order to examine the system which stores large amount of
C02 recovered from thermal power plants in deep-sea floor, and
generation and sedimentation characteristics of CC which is reaction
product between CC2 and water were obtained. The generation speed of CC
was in proportional to C02 - water interface , continuous generation
and separation of 10-20mm size CC were possible, and it was proven that
sedimentation velocity increased with the increase in particle size.

DESCRIPTORS: carbon dioxide; clathrate compound; hydrate: thermal power
generation; power plant; gas recovery; undersea storage; system
evaluation; reaction product; reaction rate; fugacity; particle
size(diameter); settling tank; settling velocity

BROADER DESCRIPTORS: carbon oxide; oxide; chalcogenide; oxygen group
element compound; oxygen compound; carbon compound; carben group
element compound; molecular compound; addition compound;
compound {chemical); solvate; power generation; electric power energy
cperation; electric power facility; recovery; storage; evaluation;
product material; velocity; activityithermodynamics); thermodynamic
property; diameter; length; geometric quantity; chemical equipment;
equipment

CLASSIFICATION CODE{S): SC04040S; SBO2040B

349715
DIALOG(R)File 94:3ICST-EPlus
{c)1997 Japan Science and Tech Corp(JST). All rts. reserv.

01833600 JICST ACCESSION NUMBER: 93A0429357 FILE SEGMENT: JICST-E

Recent heat pumps and applications. Technological trends in the development
of electric and gas HPs. Ice-unused heat storage system. Clathrate
heat-storage heat pump system.

SUZUKI MICHIYA (1)

{1} Shimizu Construction Co., Ltd,

Shoenerugi (Energy Conservation), 1993, VOL.45,NC.4, PAGE.66-68, FIG.2,
TBL.3

JOURNAL NUMBER: FQ21BACY ISSN NO; 0387-1819

UNIVERSAL DECIMAL CLASSIFICATION: 621.577: 628.8+697.9 620.9.004.4

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

-DOCUMENT TYPE: Journal

ARTICLE TYPE: Commentary

MEDIA TYPE: Printed Publication

ABSTRACT: This paper presents an introduction example of a heat-storage
heat pump system using clathrate made up of CFC-11 and water as the
cold heat steorage material. Clathrate is formed at B.5.DEG.C. and jis a
fluid. The heat-storage heat pump system was designed to be responsiEIe
for about 50% of a peak air-conditioning load for an office building
with a total floor area of 8,480m2.Operation performance fer 102 days
in the summer showed a midnight power utilization of 35%.

DESCRIPTCRS: heat pump; heat storage; energy storage; clathrate compound;
heat storage material; freon; thermal storage tank; heat exchanger;
coefficient of performance; cold; air cenditioning eguipment

BRCADER DESCRIPTORS: thermal cperating device; storage and accumulation;
steorage; molecular compound; addition compound; compound{chemical};
material; aliphatic chlorine compound; aliphatic halcgen compound;
organchalogene compound; organochlerine compound; aliphatic fluerine
compound; organoflucrine compound; storage tank; container; coefficient




; heat; equipment
CLASSIFICATION CODE(S): PC03020M; LCO2000F
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{c}1997 Japan Science and Tech Corp(JST). All rts. reserv.

(1411358 JICST ACCESSION NUMBER: 91A0560804 FILE SEGMENT: JICST-E

Study on Air Conditioning System Using the Clathrate Thermal Storage.

MIYAJI SHOZO (1); KOJIMA SHIN (2); KONDO FUMIO {2); YAMANAKA TOSHIHIKO (2):
ISAKA YASUQ (2); MAKINO TAKASHI (2)

(1) Chubu Electric Power Co., Ltd.; (2) Mitsubishi Heavy Industries, Ltd.

Nippon Dennetsu Shinpojiumu Koen Ronbunshu, 1991, VOL.28th,NO.Pt 2,
PAGE.607-609, FIG.7, TBL.1l, REF.2

JOURNAL NUMBER: FO0872CAE

UNIVERSAL DECIMAL CLASSIFICATION: 62B.81/.84:697.1/.7:697.9

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

-DOCUMENT TYPE: Conference Proceeding

ARTICLE TYPE: Short Communication

MEDIA TYPE: Printed Publication

ABSTRACT: This paper discusses the high-performance thermal storage tank
for the air conditioning system using a gas hydrate, what is called a
"clathrate", which is formed from the mixtures of ccoled water and
hydrating agent. In the thermal storage tank, the clathrate is formed,
stored and alsc dissclved. For making thermal storage tank more
efficient and smaller, we have analized the flow in the tank and found
the proper arrangement of heat exchangers and agitators. Based on the
results, an experimental unit with the high-performance thermal storage
tank has been manufactured and tested. The clathrate packing factor in
the tank has become greater than 40%. This proves that the “clathrate"
thermal storage system has the asvantage of the conventicnal ice
thermal storage systems. {author abst.)

DESCRIPTORS: air conditioning equipment; energy system; thermal storage
tank; clathrate compound; agitated equipment; overall heat transfer
coefficient; accelerated test; heat transfer medium

BROADER DESCRIPTORS: equipment; system; storage tank; container; molecular
compound; addition compound; compound{chemical); machinery; mixing
equipment; heat transmission coefficient; coefficient; ratio: test

CLASSIFICRTION CODE(S}: PCO2010U
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00908782 JICST ACCESSION NUMBER: B9A(0465919 FILE SEGMENT: JICST-E
Utilization of clathrate hydrates for strage of gas.
HONDC TAKEQ (1); ANZAI HIDENORI (1); AZUMA NOBUHIKO (1); GOTC ARKIRA (1};
MAE SHINJI (1)
{1) Hokkaldo Univ., Faculty of Engineering
Kanchi Gijutsu Shinpojiumu Koen Ronbunshu, 1988, VOL.1988, PAGE.562-566,
FIG.3, TBL.3, REF.3
JOURNAL NUMBER: XOSOLlAAF
UNIVERSAL DECIMAL CLASSIFICATION: 624.14+.139
LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan
DOCUMENT TYPE: Conference Proceeding
ARTICLE TYPE: Commentary
DESCRIPTORS: ice; clathrate compound; hydrate; hydrophobic; gas; safety;
crystal structure; property; utilization; CA storage
BROADER DESCRIPTORS: molecular compound; addition compound;
compound{chemical); solvate; structure; preservation(food); storage;
conservation
CLASSIFICATION CODE{S): RC03000S
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Forefront of the methane hydrate research. Promotion and interference of
the hydration of methane by additives.

OKUI TOSHIHARU (1); KAWASAKI TATSUJI (1); MAEDA YURIKO (1); KONDO TAKEHIKO
(1)

(1) Tekyogasu Furontiatekunocrojiken

Gekkan Chikyu{Chikyu Monthly), 1996, VOL.18,N0.1C, PAGE.690-694, FIG.3,
REF.23

JOURNAL NUMBER: LO342ARAU ISSN NO: 0387-3498

UNIVERSAL DECIMAL CLASSIFICATION: 551.14:547

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication



DESCRIPTORS: methane gas; hydrate; additive; reaction rate;
pressurization(apply); chemical equilibrium; chemical synthesis;
* natural gas
BROADER DESCRIPTORS: combustible gas; solvate; addition compound;
compound (chemical); admixture; material; velocity;
operation(processing); equilibrium; chemical reaction; synthesis
CLASSIFICATION CODE(S): DDC1043K
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‘Forefront of the methane hydrate research. Occurrence and rescurces of
methane hydrate distributed in Sea of Okhotsk. Review.

ODA HIRCSHI (1)

(1} Univ. of Tekyo, Grad. Sch.

."Gekkan Chikyu(Chikyu Monthly), 1996, VOL.18,N0.1G, PAGE.675-679, FIG.2,
REF.8B

JOURNAL NUMBER: L0342AAU ISSN NO: 0387-3498

UNIVERSAL DECIMAL CLASSIFICATION: 553.981/.982

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Review article

MEDIA TYPE: Printed Publication

DESCRIPTORS: submarine sediment; hydrate; methane gas; Sea of Okhotsk;
reserves of petroleum; natural gas

BROADER DESCRIPTORS: sediment; solvate; addition compound;
compound (chemical); combustible gas; Northwest Pacific Ccean; North
Pacific Ocean; Pacific Ocean; name of oceans

CLASSIFICATION CODE(S): DEDS050D
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03553544 JICST ACCESSICOHN NUMBER: 96A0894438 FILE SEGMENT: JICST-E

Forefront of the methane hydrate research. Heat flow of the Kumano trough
gotten from gas-hydrate BSR.

AKAZAWA YASUHIKO {1); ASHI JUICHIRO (2); TOKUYAMA EIICHI (3}

{1} Shizuokakyoikuse; (2} Univ. of Tekyo, Grad. Sch.; (3) Ocean Res. Inst.,
Univ. of Tokyo

Gekkan Chikyu(Chikyu Monthly}, 1996, VOL.18,NO.10, PAGE.660-666, FIG.S,
REF.19%

JOURNAL NUMBER: L0342AAU ISSN HO: 0387-3498

UNIVERSAL DECIMAL CLASSIFICATICN: 550.36+551.21 551.35

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication

DESCRIPTCRS: hydrate; natural gas; ocean trough; submarine sediment;
terrestrial heat flow; reflection survey; reflection plane; Northwest
Pacific Ocean

BROADER DESCRIPTORS: solvate; addition compound; compound{chemicall; ocean
basin; basin{geomorpholegy); gecmorphic element; sediment; flow rate;
seismic exploration; geophysical exploration; exploraticn;
investigation; face; North Pacific Ocean; Pacific Qcean; name of oceans

CLASSIFICATION CODE{S): DC0O3070D; DEQ&DOOF
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03553305 JICST ACCESSION NUMBER: 96A0885124 FILE SEGMENT: JICST-E

Forefront cf the methane hydrate research. Basic research of natural gas
production and the sea bottom isolation of carbon dioxide. Elucidation
of structure and physical property of the gas inclusion cempound.

OGAKI KAZUNARI {1); MATSUBARA TAKUYA (1}; NAKAND SHIN'YA (1)

{1} Osaka Univ., Fac. of Eng. Sci.

* Gekkan Chikyu({Chikyu Monthly), 1996, VOL.18,N0.10, PAGE.685-£8%, FIG.6,
REF.7

JOURNAL NUMBER: LO342AAU ISSN NO: 0387-3498

UNIVERSAL DECIMAL CLASSIFICATION: 551.14 622.24.085.5

- LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication

DESCRIPTORS: clathrate compound; carbon dioxide; submarine sediment; mixed
gas; phase equilibrium; reaction rate; ocean flocr resource; submarine
mining

BROADER DESCRIPTORS: molecular compound; addition compound;
compound {chemical}; carbon oxide; oxide; chalcogenide; oxygen group
element compound; oxygen compound; carbon compound; carbon group
element compcund; sediment; gas; mixture; object; eguilibrium; velocity

; mineral resource; resource; underwater mining; mining operations
CLASSIFICATION CODE{S): DD01041C; UAQ9030M
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Forefront of the methane hydrate research. On the characteristics of BSR
of Nankai Trough and the offing of Abashiri.

SAKAL AXIOQ (i}

(1) Jpn. Pet. Explor. Co., Ltd.

Gekkan Chikyu{Chikyu Monthly), 1996, V0L.18,N0.10, PAGE.652-659, FIG.S§,
TBL.1, REF.14

JOURNAL NUMBER: L03423AU ISSN NO; 0387-34%8

UNIVERSAL DECIMAL CLASSIFICATION: 550.834

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

"DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication

DESCRIPTORS: ocean trough; Northwest Pacific Ocean; reflection plane;

. reflection survey; well logging; geothermal gradient; submarine
sediment

IDENTIFIERS: Nankai Trough

BROADER DESCRIPTORS: ccean basin; basin(geomorphology); geomorphic element;
North Pacific Ocean; Pacific Ocean; name cf oceans; face; seismic
exploration; geophysical expleration; exploration; investigation;
temperature gradient; gradient; sediment

CLASSIFICATION CODE(S): DE10030B
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035533407 JICST ACCESSION NUMBER: 96A0G885126 FILE SEGMENT: JICST-E

Forefront of the methane hydrate research. Analysis of the methane hydrate
natural sample using X-ray CT and NMR. Example of the natural sample
gotten from ODP Legléd.

UCHIDA TAKASHI {1}; YAMAMOTO JUNJI (1}); OKADA SHIN'ICHI (1}; OKATSU KOMEI
(2)

(1} Jpn. Pet. Expler. Co., Ltd., JAPEX Res. Cent.; (2) Technol. Res. Center
Jpn. Natl. 0il Corp.

Gekkan Chikyu(Chikyu Monthly), 1996, VOL.18,N0.10, PAGE.704-709, FIG.S,
TBL.1, REF.4

JOURNAL NUMBER: L{342AAU ISSN NO: 0387-3458

UNIVERSAL DECIMAL CLASSIFICATION: 551.14:547

LANGUAGE: Japanese COUNTRY OF PUBLICATICN: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication

DESCRIPTORS: hydrate; methane gas; submarine sediment; Northwest Atlantic
Ocean; boring core; excavation; X-ray computed tomography; 13C NMR;
natural gas

BROADER DESCRIPTORS: solvate; addition compound; compeund{chemical);
combustible gas; sediment; North Atlantic Ocean; Atlantic Ocean; name
of oceans; geological sample; sample; X-ray inspecticn; radiographic
inspection; nondestructive inspection; inspection; computed tomography;
diagnostic imaging; diagnosis; tomography: image technology; technology
; radieography; NMR; magnetic resonance; resonance

CLASSIFICATION CODE(S): DDO1043K
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03553306 JICST ACCESSION NUMBER: 96A0885125 FILE SEGMENT: JICST-E

Forefront of the methane hydrate research. Methane hydrate synthesis
experiment and examinatien of the stable cenditicn.

MAEKAWA TATSUO (1}; IMAI NOBORU (1)

{1} Geol. Surv. of Jpn., Agency of Ind. Sci. and Technol.

Gekkan Chikyu(Chikyu Monthly), 1936, VOL.18,NO.30, PAGE.695-649, FI1G.2,
REF.11

JOURNAL NUMBER: L0342AAU ISSN NO: 0387-3498

- UNIVERSAL DECIMAL CLASSIFICATION: 551.14

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan

DOCUMENT TYPE: Journal

ARTICLE TYPE: Original paper

MEDIA TYPE: Printed Publication

DESCRIPTORS: methane gas; hydrate; natural gas; chemical synthesis; sodium
chloride: aquecus sclution; stability constant

BROADER DESCRIPTORS: combustible gas; solvate; additicn compound;
compeund{chemical); chemical reaction; synthesis; alkali metal halide;
alkali metal compound; halide; halogen compound; chloride; chlorine
compound; sodium compeund; solution(liquid); liquid; chemical
equilibrium; equilibrium

CLASSIFICATION CODE(S): DD01041C
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Forefront of the methane hydrate research. Collapse sediment observed in
the Amazen submarine fan. Dissolution of gas-hydrate and slope
failure.

SC UON (1); SUZUKI KIYOFUMI (1); OKATSU KOMEI (2}

(1) Kyushu Univ., Faculty of Science; {2) Technol. Res. Center Jpn. Natl.
0il Corp.

Gekkan Chikyu{Chikyu Monthly), 1996, VOL.18,N0.10, PAGE.667-674, FIG.5,
TBL.2

JOURNAL NUMBER: LO0342AAU ISSN NO: 0387-34%8
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