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A Study on Filling and Discharge of
Natural Gas Hydrate Pellet

Abstract

The recent sudden rise of the energy price, maybe due to a marvelous price hike of
gasoline, is deeply effecting for all industries. Japan that imports 2.5 million kiloliters of
crude oil and 60 million tons of LNG a year should change the long-term strategy of the
energy import.

The methane hydrate resource was discovered at the bottom of the sea in coastal
regions from Hokkaido to Okinawa. Therefore, it is necessary to develop a system that
can facilitate the transportation and storege of the natural gas. Natural gas hydrate
(NGH) transportation system that Gudmundsson provisionally calculated in 1996 is a
suitable mean for the small scale and the short distance transport. Though the LNG
system is applicable to only large-scale gas fields, the NGH system enables the gas
production of an undeveloped small or medium-scale gas fields. It should be noted that
80% are small or medium-scale gas fields, and only 20% are proven reserves.

The advantage of the NGH system is that the scale of the synthetic plant of NGH is

small. Moreover, NGH is solid under 1 atm and -10°C due to its self-preservation effect.

Considering the above mentioned reasons, the material that can be endured at the
extremely low temperature or high pressure is not necessary for the NGH system.
Therefore, the manufacturing costs such as the transportation ships and storage tanks
can be greatly reduced in the NGH system. The advantage of the NGH transportation by
ship is that the shipbuilding cost is cheaper than the LNG or CNG transportation by ship.
However, this means that there is a need for the development of a technology for

handling and for the transportation of NGH by ship at the same time. In other words, a




TT— IELERZAWIIEDLN THOERA, TT7—| BELEAZA VI EDRLTH
8 A,

series of technological development for the new NGH system are necessary. This would
include the design of a new type of transportation by ship, manufacturing, storage,
loading, unloading, and re-gasification, as well as measures for safety according to the
international laws and so on. Considering the past experiences, the entire system can fail
if even one of these requirements is lacking. In addition, the recognition that the NGH
system supports the natural gas hydrate development from ocean is also important.

The NGH system includes the process of manufacturing, transportation, and the
re-gasification. One of the main difficulties that such a system is facing is that the
hydrate is solid. Some of the physical properties of the particle, such as the adhesion,
clinging, cohesion, blocking, and segregation are related to handling of the solid. The
handling methods such as bulk, slurry, block, and pellet were devised for the NGH
transportation. This NGH system is based on the idea that handling by making into the
pellet is the best option.

This laboratory joins this plan in 2001, and has participated in the research of the
NGH pellets. Tokoro, in her dissertation defended in 2003, pointed out the following
two points.

1) The restitution coefficient does not influence the packing fraction so much unlike
the friction coefficient.

2) As a result of the simulation, the clinging pellets can not discharge from the
hopper with an usual arch breaker.

These points are important, and the present NGH transportation by ship is designed
based on these findings.

“Improving the Density of Jammed Disordered Packings Using Ellipsoids” reported
from MIT has a new idea. In that report, the packing characteristic of the particle was
examined again, and the possibility of the discharge system with the chain was also
examined. This research concluded that not only the increase of the load of the NGH

transportation by ship is useful but also the design of the entire NGH system is needed.

Vi



The achievements of this research are of the followings (1) the method of optimizing
DEM, (2) the method of improving the packing fraction, (3) the method crushing the
aggregated pellets.

Regarding the achievements for DEM, a new logic of the optimization of the large
mesh method for DEM was shown. If the number of meshes is small, the calculation
speed is fast when there are a lot of small particles. Then, the attention is paid to the
particle that was adjacent to the particle, and a new Lazy Method that put off the contact
judgment to the particle away has proposed. Moreover, the forecast equation of
optimization and the calculation speed improvement of the Lazy Method have been
established. As a result, the calculation speed was increased from 10 to 100 times. The
calculation speed changes by the assumed maximum speed. The calculation speed will
be about 100 times of the original case due to the very slow motion of the particles for
this packing simulation.

Regarding the achievements for packing, the concept of dead space about the packing
of two size system, where a small particle can not be filled, is proposed. From the
results of DEM simulation, the dead space may be related to the gap in the vicinity of
the wall. The difference between the actual packing fraction and logical packing
fraction was clarified by this research; the packing fraction with two size system was
able to forcast correctly result. As for the other result of the simulation regarding the
filling of non-sphere particles, the packing fraction will be maximize in the case of
about 70% roundness. It is the first time to confirm this in a three-dimension space.
Even though non-sphere multi-element system is examined, the packing fraction will
not grow any further because of the size ratio is small.

The discharge assistance mechanism with chains was analyzed using the DEM model
developed by Tokoro. The proposed structure is such that the chains are hung down in
the chamber of a ship, and each chain is tied together with horizontal chains. It is just
the one like the jungle gym with chain. The aggregated pellets are broken when the
chain that buries in the pellet is pulled down. The result of the DEM simulation are well

explained by presenting a series of the experimental results that were carried out by

vii



TT— IELERZAWIIEDLN THOERA, TT7—| BELEAZA VI EDRLTH
8 A,

using 4000 pellets, keeping the room temperature at -30 °C As a result, the validity of
the simulation of the breakage mechanism with the chain was verified, and the
simulation under other conditions became possible. The model of chain is a series of
particles, and the no-tension joint and the adfreezing model have been excluded
between the chain particles. It is an important finding that the limit strength is
depending on the size of the outlet hole. In addition, this finding might be useful for the
design of the transportation by ship.

A new idea will not be used for the NGH ship until the certainty of discharge has
been verified. The design of a present NGH ship is supposed to use the unloader unit in
the airtight chamber. But, the chain unit will be available for the experiment when this
ship will be in operation. The practicably useful of this research will be acknowledged
in day after that.

This is the abstract of this research. I am expecting that this research will be useful

for the sucess of the NGH system and its ship.
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