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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ILLUSTRATION OF RADIAL STIMULATION

(TOP VIEW)

NN A N N R
..////////////////////UNN////////////////////////////////////////N
ﬁ. A O
./.SI///////////////////.////////////////////////////.////////////////
B NN NN NN AN NN A NN NN NN NN NN R
N NN N R NN NN RN RN NN N AN NN VAN NN
NFTINN NN NNNNNNNN N
NN N N > NANNNANRNNNAN
fM///////////N INNN NN
W-I////////// NANNNNNNNNANN
D//////////// ~N AN
A Y A3/
LU A NN NN AN NN NONNNANANANNN
Reo////////// Y
AR NN NMANNANNANNNNNN
ﬁD//////// ///////////#
TR Y
NohANANN WUNNRANNY
infx/// NNNANNN AN
e ENNNN NNNAANNY
NPTENNNN NS
NN NSO
N 2NN -~ NN
ﬂVl/// < NANNNYT
NN = NNANANNY
WH/// o= N RNRN
AN o« O NANNYN
ARARR o N
NN - NN
NN, g NNNNS
NNN w NN
VNN > -d NN
NN 2] = Q m NN
NN = - i NRNN
NNAN w - <= NNNN
AR O 1] NNANY
NNNNNN > < SN
NANNNN C = NNNNA
NANNNNN {11 ] - NN
WANNANN 00 NN
NANNANY > i) ]
NN T—w NN,
NN NANNANNY
NANNANNN o, L NNNNNNN
NNNNNANN . NANANANY
NRHANNANY B NNNNNNNN
NNNNANNANA NN
NANARANN AW AN
NANAAANANNA NNNNNNANNY
AN, ANNANANANANANN
NN N NN N NN NN
RARANN NNV, I ARNNNNANNNNNNY
NNNANRAANANAN P N N N
AR L LR N, PP ANNNNNARNNANNNANN
S R,

A R, S : NANNANN
P OANDANANNNNANNNNNNNT, \_u//NNNNNNNNNNN///////
r//////ﬁﬁfﬁ/ﬂ////////.J/f L APUN R AN NN AN NN N NN AN NNNNNNNS
NN NN R NN ey B T T T T PN N
AN A T i NN NN
AR s e A AN AN NN NN N N
R N

NANN N NNNANN NAANNN
AT AT IALULA LI T UL U UL AN A NN AN RN NN DA NANNNNNNNNNNNNNNNNNNNN L

ALY I LY JASIANIASAIIIRASIAIDAIN Y

"AY ////////////////W_

f )

39



CONTINUOUS STEAM MODEL WITH HORIZONTAL FRACTURE
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DRETAILED DESCRIPTION OF
lc;()NTINUOUS INJECTION MODEL WITH HORIZONTAL FRACTURE
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HEAT CONDUCTION PROBLEM N VERTICAL DIRECTION
FOR HORIZONTAL FRACTURE CASE - CYGLIC MODEL
(SIDE VIEW)
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CONTINUOUS STEAM MODEL WITH VERTICAL FRACTURE

(TOP VIEW)
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HEAT CONDUCTION PROBLEM IN HORIZONTAL DRECTIOM
FOR VERTICAL FRACTURE CASE - CYCLIC MODEL

(TOP VIEW)
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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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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;
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binding and coupling; computer application; utilization: simulation;
orientation(direction)
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DESCRIPTORS: air pollution; global warming; carbon dicxide; exhaust gas
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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
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compound(chemical}; solvate; pressure; phase(topology); diagram and
table; object; liguid
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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);
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calculation; analysis; potential
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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.)
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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
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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.
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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
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Study on Air Conditioning System Using the Clathrate Thermal Storage.
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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.)
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