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Paleoclimate reconstruction and future forecast based on coral skeletal climatology
— Understanding the oceanic history through precise chemical and isotope analyses of coral annual bands —

Atsushi Suzuki

Global warming (due to increased carbon dioxide in the atmosphere) has attracted much attention. Yet, predicting trends in the Earth's
climate remains difficult. A more sophisticated and accurate Global Warming model can be obtained by reconstructing climatic change
since the Industrial Revolution, and other past periods of warming. To this end, a promising area of research in marine science is coral
skeletal climatology, which offers a unique method for accurately reconstructing marine temperature and saline concentration over the
past several hundred years, with a high temporal resolution (ca. 2 weeks) based on chemical and isotope analysis of long-lived coral
skeletons. This method has been successfully applied to the Little Ice Age around the 18" century and the mid-Pliocene warming period of
3.5 million years ago. It can also be applied to biological and environment studies on massive coral bleaching events caused by unusually
high oceanic temperature levels and other environmental issues such as ocean acidification.

Keywords : coral, climate, global warming, ocean, oxygen isotope ratio
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Development of methane hydrate production method

— A large-scale laboratory reactor for methane hydrate production tests —

Jiro NAGAO

Natural gas hydrates off the shores of Japan are valuable resources for the country. To utilize these resources, it is necessary to establish
a gas production technology and investigate suitable conditions for extraction of methane from methane hydrate reservoirs. While core-
scale dissociation experiments yield reproducible results on how methane hydrate dissociates under various conditions, a production
test at a real gas field would provide information about the type of dissociation phenomena occurring in a geological reservoir field. The
performance of natural gas production from methane hydrate reservoirs is dependent upon the size and characteristics of reservoirs, such
as temperature and permeability. In other words, while a core-scale dissociation test in a laboratory can demonstrate the heat transport
process, dissociation in an actual reservoir is dominated by the material flow process. Thus, | believe that it is important to couple
data obtained from core-scale tests with the results of field-scale tests by using a large-scale laboratory reactor in which dissociation
experiments can be conducted under similar conditions to the actual reservoir. In this paper, | report the goals of the Methane Hydrate
Research and Development Program being conducted by the Ministry of Economy, Trade and Industry, Japan, and describe the research
objective of a large-scale laboratory reactor for methane hydrate production tests at MHRC (Methane Hydrate Research Center) of AIST
(National Institute of Advanced Industrial Science and Technology).

Keywords : Methane hydrate, the Methane Hydrate Research and Development Program, MH21 Research Consortium, gas production
method and modeling, large-scale laboratory reactor

1 Introduction

In Japan, most of the fossil fuels used as primary energy
sources are imported from overseas. As natural gas is a
relatively environmentally clean energy resource compared
with crude oil or coal, its demand is increasing worldwide.
Methane hydrate is a crystalline material comprised of
methane and water molecules under high-pressure and/or
low-temperature conditions. The crystalline structure of
methane hydrate is shown in Figure 1. Methane hydrate is
naturally distributed in permafrost and subsea environments,
which are believed to contain huge amounts of potentially

Fig. 1 Crystalline structure of methane hydrate
Water molecules form “cage” structures, and methane gas molecules
are captured in the water cages.

extractable natural gas, of which methane is the main
component (thus comes the term ‘methane hydrate’).
The existence of methane hydrate has been confirmed
in offshore areas of Japan (Figure 2), particularly in the
Nankai Trough, by means of observations made by bottom
simulating reflectors (BSR)™™, Therefore, it is believed
that methane hydrate will become a valuable domestic
energy resource of Japan once its production technique is
established. To this end, the Ministry of Economy, Trade and
Industry (METI) launched the Methane Hydrate Research
and Development Program, and the Research Consortium
for Methane Hydrate Resources in Japan (MH21 Research
Consortium) was established. In the eastern Nankai Trough
area, sedimentary core samples were obtained by the MH21
Research Consortium aboard the research vessel JOIDES
Resolution. Laboratory analysis of sedimentary core samples
taken from the eastern Nankai Trough area revealed that the
concentration of methane hydrates is very small and methane
hydrates exist within the pore spaces of sandy sediments.
Kida et al. summarized the chemical characteristics of these
sediment samples™.

Several methods have been proposed for recovering
natural gas from methane hydrate reservoirs, including
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depressurization, thermal stimulation and inhibitor injection®.
The depressurization method decreases the reservoir pressure
below the equilibrium pressure of methane hydrate formation
at the reservoir temperature. This method appears to be
a cost-effective solution for producing natural gas from
methane-hydrate-bearing layers®. On the basis of numerical
simulations of gas productivity, this method is considered
to be predictable and effective for producing gas from the
reservoirs consisting of alternating layers of sand and mud.
However, hydrate dissociation is a very complex process of
coupling heat and mass transfers with the kinetics of hydrate
dissociation. Therefore, to understand the dissociation process
of methane hydrate existing within the pore spaces of sandy
sediments, dissociation experiments on methane-hydrate-
bearing cores in a laboratory would be useful™ %,

The performance of gas production strongly depends on
the size and permeability of the samples. Heat transfer is a
predominant factor in dissociation experiments on methane-
hydrate-bearing cores performed in a laboratory (of the order
of a few centimetres), whereas mass transfer dominates the

dissociation process in an actual reservoir field (of the order

Latest BSR distribution chart (2009)

BSR area = Approximately 122,000 km?

BSR (MH concentrated zones are confirmed partially by detailed surveys:
5,000 kn?)

BSR (Characteristics of MH concentration are suggested in some areas:
61,000 kn)

BSR (Characteristics of MH concentration are not recognized: 20,000k
BSR (Surveys are insufficient for the evaluation of MH: 36,000 ki)

Fig. 2 Methane hydrate distribution off the shores of
Japan calculated by observing bottom simulating
reflectors

Red: MH concentrated zones are confirmed partially by detailed surveys
(5,000 km?), Blue: Characteristics of MH concentration are suggested in
some areas (61,000 km?), Green: Characteristics of MH concentration
are not recognized (20,000 km?) and, light blue: Surveys are insufficient
for the evaluation of MH (36,000km?). Total BSR area is approximately
122,000 km2. (Copyright@MH21 Research Consortium)
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of a few 100 m). This difference in the dominant factors
between core-scale experiments and field-scale production is
responsible for the difference in gas production behaviours.
To overcome this problem and to establish gas production
conditions at a reservoir field, it is necessary to conduct
methane hydrate sedimentary core production experiments
on a larger scale. Thus, AIST recently developed and
introduced a large-scale apparatus for methane hydrate
laboratory production tests, which can conduct gas
production experiments under conditions similar to those at
actual natural methane hydrate reservoir fields. In this paper,
I first present an overview of the Methane Hydrate Research
and Development Program™. Then | describe the problems
in conducting research issues such as methane hydrate
production experiments at a laboratory scale, actual field
production tests and numerical prediction of productivity,
and finally, I report the advantage and certification of a large-

scale reactor developed recently to overcome such problems.

2 Overview of Japan’s Methane Hydrate
Research and Development Program

The Methane Hydrate Research and Development Program
has a three-phase approach™. At the starting period of
this program, since AIST had high potential in gas hydrate
chemistry, the Methane Hydrate Research Laboratory (now
Methane Hydrate Research Center: MHRC) joined as a
conducting member of research on the production method
and modeling. In phase 1, from FY 2001 to 2008, the MHRC
performed laboratory experiments on methane-hydrate-
bearing cores taken from the eastern Nankai Trough, where
the methane hydrate reservoir consists of alternating layers
of sand and mud. The experiments showed that methane
hydrate existed within the pore spaces of sand layers.
Details of physical properties such as absolute permeability,
porosity, methane hydrate saturation, thermal conductivity
and sedimentary strength were also obtained. To evaluate gas
production performances from methane hydrate reservoirs,
a numerical production simulator called MH21-HYDRES
was developed. Through laboratory experiments and
numerical simulations using MH21-HYDRES performed
by the MHRC, MH21 Research Consortium revealed that
the depressurization method was determined to be the
optimal production method for use in a methane-hydrate-
bearing layer, which is the main sedimentary structure in the
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eastern Nankai Trough. For the first time, the validity of the
depressurization method was verified by means of an onshore
gas hydrate production field test conducted in March 2008 in

a permafrost zone in Canada.

In phase 2, from FY 2009 to 2015, the use of methane hydrate
extracted off the shores of Japan will be evaluated as a highly
reliable energy resource. In addition, although it has been
known that the depressurization is a useful method for gas
production from methane hydrate reservoirs by laboratory
characterization of core samples, the technical difficulties
of commercializing gas production from methane hydrate
reservoirs will be studied, where the commercialization will
be inducted by public and private sectors in phase 3 from
FY 2016. The MH21 Research Consortium has set up four
research groups: the Research Group for Field Development
Technology, the Research Group for Production Method and
Modeling, the Research Group for Resource Assessment
and the Administrative Coordination Section. The Research
Group for Field Development Technology, coordinated by the
Japan Oil, Gas and Metals National Corporation (JOGMEC),
will implement offshore production tests, characterize
the methane hydrate resource field, investigate offshore
development systems, analyze the findings of a second
onshore gas hydrate production test and implement long-
term tests. The Research Group for Resource Assessment
coordinated by JOGMEC will evaluate methane hydrate
distribution off the coast of Japan and investigate methane
hydrate systems. Within the Administrative Coordination
Section, an R&D team that assesses environmental impacts
has been organized to analyze environmental risks and
investigate appropriate countermeasures, develop technology
to measure the environmental impact, assess environmental
impacts in offshore production tests and make a
comprehensive assessment of the environment and optimize
the assessment methods used for developing methane-
hydrate-bearing layers.

The MHRC at AIST coordinates the Research Group for
Production Method and Modeling. The aim of this group
is to establish an economical and efficient gas production
method by developing technologies for advanced production
methods, evaluating technologies for productivity and
production behaviour and evaluating technologies for
sedimentary characteristics. Research activities related to

each of these R&D issues are described below.

(1)Development of technologies for advanced production
methods
As mentioned above, the depressurization method can
be applied to a methane-hydrate-bearing layer consisting
of alternating layers of sand and mud. In such a case,
the higher the initial reservoir temperature, the higher
the rate of methane gas production and recovery™. As
gas hydrate dissociation is an endothermic reaction, the
gas production rate gradually decreases as the reservoir
temperature decreases. Therefore, to guarantee continuous
gas production by maintaining reservoir temperature at a
certain range, the development of a combined production
method coupling depressurization with the other
production methods is being investigated. Furthermore, to
ensure long-term stable methane gas production, factors
that reduce permeability of the methane-hydrate-bearing
reservoir should be quantitatively analyzed, e.g. impact of

[13]

sand production*”, skin formation and flow obstructions

resulting from methane hydrate reproduction.

(2)Development of evaluation technologies for productivity
and production behaviour
In order to provide reliable predictions of productivity
and production behaviours for various reservoir
characteristics, the MH21-HYDRES production simulator
will be upgraded. To enhance the sensitivity and accuracy
of gas production behaviour, analytical models and/
or routines relating to issues such as permeability of
the reservoir, thermal characteristics and consolidation
properties will be developed™. To evaluate production
damage, the calculation parameters will be justified
through the verification of onshore gas hydrate production
tests and offshore production tests. To evaluate production
behaviours in a wide area and over a long-term period,
three-dimensional reservoir models that consider
discontinuity, faults and heterogeneity of the reservoirs
will be developed and loaded into MH21-HYDRES. On
the basis of these results, a comprehensive evaluation
of the production method will be performed and an
optimized economical system according to the reservoir
characteristics will be developed.

(3)Development of evaluation technologies for sedimentary

Synthesiology Vol.5 No.2 (2012)
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characteristics

To assess environmental impacts such as the stabilization
of production wells, the probability of landslides
and the risk of methane gas leakages from methane-
hydrate-bearing sediment layers during gas production,
evaluation routines called COTHMA will be developed
for the sediment deformation simulator. Through a
comprehensive evaluation of the mechanical properties of
deep-water unconsolidated sedimentary layers by using
COTHMA, the geo-mechanical stress around wells and
border areas as well as long-term sediment deformation
will be ascertained.

3 Development of a large-scale laboratory
reactor for methane hydrate production test

To commercialize gas production from a methane hydrate
reservoir, the technical issues described above need to be
investigated. In addition, optimal production conditions
that are adaptive to prevailing methane hydrate reservoir
characteristics need to be ascertained. For this purpose,
production tests in reservoir fields, core analyses and
predictions of gas production and geo-mechanical properties
obtained using MH21-HYDRES and COTHMA will yield
important results, particularly when coupled with the results
of investigations of the methane hydrate reservoir structure.

Field production tests will yield real productivity data on
real methane hydrate reservoirs, which will enhance the
accuracy of numerical simulators. However, it is difficult
to conduct reproducible tests under various production
conditions. Numerical simulations can provide a prediction
of the productivity and the stability of a methane hydrate
sedimentary layer. In addition, by introducing parameters
into the numerical calculations, suitable conditions of gas
production for various reservoirs can be predicted. However,
these parameters are obtained from methane-hydrate-bearing
core analyses, and the obtained results will be evaluated and
fine-tuned through comparisons with results from the real
field production tests. A dissociation experiment on methane-
hydrate-bearing cores in a laboratory is useful for determining
chemical and structural properties and understanding
dissociation behaviour of methane hydrate distributed within
pore spaces. However, because of the size of methane-
hydrate-bearing cores (of the order of a few centimetres),
heat transfer becomes a predominant factor. As mass transfer
dominates the dissociation process in an actual reservoir
field, the difference in dominant factors between core-scale
experiments and field-scale production would result in a
difference in gas production behaviours. As mentioned above,
these R&D concepts have advantages and disadvantages and
are closely related to each other, as shown in Figure 3.

Fig. 3 Large-scale laboratory reactor for resolving disadvantages of production tests, core analyses and production simulations
These issues are the main research concepts for establishing gas production methods and evaluating conditions in methane-hydrate-bearing layers.

Synthesiology Vol.5 No.2 (2012)
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To overcome the above problems, AIST developed a large-
scale laboratory reactor for methane hydrate production
tests. Especially, to design this reactor, we have focused
on solving the problem of predominant factors on hydrate
dissociation, and a numerical analysis by MH21-HYDRES
has been performed™. From this analysis, we cleared
that mass transfer dominates the dissociation process for
sandy sample having over 1m-size. Furthermore, taking
into account the research activities of the Research Group
for Production Method and Modeling, the reactor was
designed by considering the technical issues, as presented
in Figure 4. As stated above, three main research activities
need to be conducted by the Research Group for Production
Method and Modeling. Although it has been determined
that the depressurization method is economically suitable
for gas production from methane hydrate reservoirs off
the shores of Japan, detailed conditions and procedures for
depressurization remain unknown. Thus, AIST designed
the large-scale laboratory reactor to aid the development of
technologies for advanced production methods and to analyze
the impact of sand production, skin formation, and flow
obstructions. To achieve these goals, in the reactor, highly

To find higher gas
production rate and
recovery rate

Comparative study with
production simulator MH21-
HYDRES

To observe impact
impeding production such
as sand production

BOiE Large-scale laboratory reactor for Field
ey methane hydrate production test test
” w

Evaluation of stress
distribution around wells
during gas production

Evaluation of sandy layers
deformation during gas
production

Experiments on samples with
altemnating of sand and mud
layers

Fig.4 Relationship between the experimental issues on
large-scale laboratory reactor and the roles of research
teams of the Research Group for Production Method
and Modeling

Evaluation of production behaviours such as (1) enhancement of
production rate and recovery rate and (2) analysis of impact impeding
production are the main experimental issues on a large-scale laboratory
reactor. Also, various production conditions to obtain a higher gas
production rate and recovery rate can be examined. The experimental
results are compared with those from small scale core experiments
and analyses of MH21-HYDRES, which is a numerical model of a
large-scale laboratory reactor. Finally, the results will be compared
to production results of real field tests which will be held in FY2012.
However, research regarding geo-mechanical characterization has
not been conducted. To achieve relatively uniform methane hydrate
formation within the pore spaces of a sandy sample, the positions of
the perforations cannot be adjusted for experiments on samples with
alternating layers of sand and mud.

sensitive temperature and pressure sensors with a wide range
and fluid flow metres are arrayed to examine a range of
production conditions so that a higher gas production rate and
a higher recovery rate can be obtained. To evaluate the sand
production phenomenon, a sand screen is fitted to a well tube.
The overall volumes of the high-pressure vessel and line
tubes are estimated to reduce data error enabling comparison
of the results with those of numerical predictions obtained by
MH21-HYDRES. Thus, evaluation of mechanical properties
can be avoided. To verify the deformation of sandy samples
during gas production, it is necessary to position mechanical
sensors at many locations for measuring changes in stress
and confinement pressure. For this purpose, holes need to be
configured in the sides and bottom of the vessel, which is a

complex task.

A schematic diagram of the large-scale laboratory reactor
is shown in Figure 5. The steel high-pressure vessel has
an inner diameter of 1000 mm and a height of 1500 mm.
The vessel consists of three chambers, and its volume
and weight are 1710 L and 9900 kg, respectively. This is
four times larger than the large-scale production reactor
LARS developed by the SUGAR Project in Germany™®.
The objective of the SUGAR Project is to clarify the
characterization of CO, geological storage and methane gas
production using the reaction heat of CO, hydrate generation
in the methane hydrate reservoir. Our vessel can be loaded
with core samples of sand with a diameter of 1000 mm and
a length of 1000 mm. An inner plate is placed on top of the
methane hydrate sedimentary sample to exert an overburden
pressure of up to 16.5 MPa; this pressure is similar to that in
a subsea environment. The overburden pressure is supplied
by injecting water into the space between the upper chamber
and the inner plate. A production well is simulated using a
steel pipe with a diameter of 100 mm and a length of 1000
mm with 32 holes drilled along its length; the pipe is placed
at the centre of a sandy sample layer. A sand screen can be
placed over the holes to terminate sand production. A total
of 50 holes in the sides and 19 holes in the bottom of the
vessel are provided to allow the insertion of gas, water and
temperature and pressure sensors. The position of sensors
can be adjusted depending on the characteristics of the sand
sample and the production conditions. To simulate conditions
of a methane hydrate reservoir at the eastern Nankai Trough
area, the vessel is placed in a large cabinet that can control

Synthesiology Vol.5 No.2 (2012)
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the temperature of the high-pressure vessel from —5 to 20 °C.
Holes in the sides and bottom of the vessel for the insertion
of gas and water are connected to a CH, gas supplier and
pumps that supply pure water into the sandy sample layers,
respectively. The production well is connected to a gas and
water separator. Real-time observations of the rate of the
production of gas and water as well as the amount of fine
sand particles can be performed under various temperature
and pressure conditions.

(a) High-pressure vessel of the large-scale laboratory reactor

Low temperature room a5 and water Gas

well
Separator
(Laser position meter)

water
ater
wall Jsand De-pressuring
Pump tank
E Holes
% gas, water inlet
Sampling pad
Porous spacer
Tube
Control PC
1.4m

(b) Schematic flow diagram of the large-scale laboratory reactor

Fig. 5 Schematic illustrations of the large-scale
laboratory reactor

To aid the development of technologies for advanced production
methods and to analyze the impact of sand production, skin formation
and flow obstructions, the highly sensitive temperature and pressure
sensors with a wide range and fluid flow metres are arrayed to side holes
of the vessel. To evaluate the sand production phenomena, a sand screen
is fitted to a well tube. Water and fine sand are collected in a sampling
pod arrayed to the water/gas separator. The overall gas volume is
measured at de-pressuring tank arrayed to the water/gas separator. All
measured data were collected in a PC automatically.

Synthesiology Vol.5 No.2 (2012)

Pure water is injected into the high-pressure vessel via the
holes in the sides of the vessel and the centre pipe. Once the
designated amount of pure water has been filled in the vessel,
sand particles are added to the pure water, and vibration
is applied to ensure homogeneous accumulation of sand
particles. After the vessel is filled with wet sand particles, the
inner plate is positioned above the sand sample layer, and the
top chamber is closed. Pure water is injected into the interior
of the top chamber to apply overburden pressure to the sandy
sample layer by pressurizing the inner plate. To adjust the
water content, water in the sandy sample layer can pass
through the holes in the bottom of the vessel.

For the formation of methane hydrate in the sandy sample
layer and control of the confinement pressure, the flow rate
of CH, is adjusted. CH, is continuously supplied via holes
in the sides of the vessel. The temperature of the cabinet is
decreased below the equilibrium temperature of methane
hydrate formation. By calculating the injected volume of
methane gas and the initial water content, the end of the
methane hydrate formation can be estimated. After methane
hydrate formation, pure water is injected into the pore
spaces of the sandy sample layer because natural gas hydrate
reservoirs are usually saturated with water.

The top of the centre pipe is connected to a backpressure
regulator. To examine the depressurization method, the
pressure value of the regulator is adjusted to a designated
pressure. After adjustment, gas and water flow out through
the centre pipe, which may contain fine sand components.
The centre pipe is connected to the gas-water separator,
and each line tube is connected to a fluid flow metre that
measures water and gas volumes during the experiment. To
evaluate the sand production phenomenon, a water flow line
is connected to the accumulation chamber to collect the fine

sand particles.

Figure 6 shows the predictions of water and gas production
by the MH21-HYDRES production simulator using the
results of depressurization experiments conducted in the
large-scale laboratory reactor. The results show the water and
gas production behaviours when pressure is decreased from
10 to 3 MPa. The parameters for the numerical simulation
were temperature of 10 °C, pressure of 10 MPa, permeability

of sandy sample layer of 1000 mD™, initial effective
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permeability of 26 mD™™, hydrate saturation of 60 % and
water saturation of 40 %. From these results, gas production
shows a peak during the first period, indicating that mass
transfer is predominant in the dissociation process. Gas
production experiments conducted using depressurization to
ascertain the relationship between the degrees of reduction
in pressure and the gas production rate have been underway.
The obtained results will be compared with those obtained
from a numerical simulation study conducted using the
MH21-HYDRES production simulator. This study will
contribute to the first field production test to be conducted off
the shore of Japan in FY 2012.
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Fig. 6 Predictions of gas and water productions based
on depressurization experiments in the large-scale
laboratory reactor using the MH21-HYDRES production
simulator

A peak during the first period in gas production behaviour indicates
that mass transfer is predominant in the dissociation process.

Terminology
Term 1. Darcy (D): a traditional unit for permeability. The Sl
unit for pearmeability is m% 1D is ca. 10 m?,
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Discussions with Reviewers

1 General construction of the manuscript
Comment (Hiroshi Tateishi, The New Energy and Industrial
Technology Development Organization (NEDO))

For the development of the gas production technology from
methane gas hydrate reservoirs, this manuscript first explains the
overview of Japan’s Methane Hydrate Research and Development
Program, and then the development of the apparatus for methane
hydrate production tests carried out by the author is described.
The construction of the manuscript is rather unusual, because
the experimental results from the apparatus have not yet been
obtained at present. In spite of this fact, the manuscript is
acceptable after revision because publication of such type of
manuscript is requested from the outside. From the standpoint of
the journal, Synthesiology, the manuscript lacks issues as pointed
out in the following comments. From the viewpoint of “synthesis”,
there is a dual structure of synthesis: one is micro-level
technology synthesis to integrate elemental technologies toward
the development of the apparatus which is the main purpose of the
present manuscript, and the other is macro-level system synthesis
to integrate the results obtained with the apparatus toward the
development of the production system. For the revision of the
manuscript, please take these points into consideration.

Answer (Jiro Nagao)

Concerning the development of a large-scale laboratory
apparatus for the optimization of production conditions toward
commercial utilization of methane hydrate, the outline of the
program, the R&D issues of the Research Group for Production
Method and Modeling of MH21 Consortium coordinated by the
MHRC at AIST, and the important issues to be analyzed with
this apparatus have been described. In response to the reviewer’s
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comments, the author has added and revised the description
in the text and the reference. However, the development of the
production system depends not only on the production method,
but also on the economic evaluation of methane production
including the combination of machines in production tests at the
sea bed conducted by JOGMEC. Thus, it is difficult to consider
the validity of the production system based only on the tests with
the large-scale apparatus. Therefore, the author has not described
the development of the production system in this paper.

2 Therole of MHRC
Comment (Hiroshi Tateishi)

In the latter half of "2. Overview" section, the goals of
R&D issues in phase 2 at MHRC are explained. However, the
description is sudden and difficult to understand for the readers
since the relevance of phase 2 with phase 1 is not explained. Brief
explanation for the following points is required: why MHRC
is assigned for this part of R&D, what kind of results MHRC
obtained in phase 1, and how the results obtained in phase 1 are
connected to phase 2.

Answer (Jiro Nagao)

The author has added the following explanation. At the start
of the program, the Methane Hydrate Research Laboratory of
AIST (the present Methane Hydrate Research Center) participated
in the MH21 Consortium as the research supervisor of R&D of
production method & modeling in phase 1 since the laboratory
had high level knowledge on methane hydrate engineering. The
foregoing explanation has been connected to the subsequent
description of implementation challenges and the research
results. It has been found that depressurization is effective for
the gas production method from the methane hydrate resource
as a research result in phase 1. The finding is linked to the
research purpose of phase 2 (technology advancement toward
commercialization).

3 Development of 1m-size test apparatus
Comment (Hioshi Tateishi )

1. I can understand the logic that thermal decomposition is
dominant in cm-size samples whereas mass transfer is dominant
in the actual 100m-size bed, therefore a test filling the gap in
between is required. Yet it is difficult to judge the adequateness
of the specifications of the apparatus since no quantitative
explanation is given on the scale boundary that separates the
dominant factors. It seems difficult to set a strict boundary, but
explanation is required such as, “Since critical scale is around this
level because of such and such reasons, a 1m-size apparatus is
adequate enough”.

2. Since the explanation of the specifications of the apparatus
is simply listed, it is not clear where the focus is. For example,
if the author arranges the explanation in the order of main items
to test with the apparatus, technological issues and required
functions to achieve the issues, the ways to clear the issues, the
readers can understand the idea more easily. Especially, the
manuscript lacks the explanation of originality of the MHRC.

3. The author briefly explains the large-scale production
apparatus LARS developed by the SUGAR Project in Germany.
Since only the size is mentioned, it is difficult to understand the
significance of the comparison. Please describe the purpose and
design concept of the LARS and explain the difference of the two
apparatuses, LARS and the apparatus of MHRC.

Answer (Jiro Nagao)

1. In order to design our apparatus, we have focused
on solving the problem of predominant factors of hydrate
dissociation. The sample size dependence of the rate-determining
step has been investigated by using the production simulator,
MH21-HYDRES. Another study shows that in the case of
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permeability of 10 mD order, the mass and heat transfers become
comparable at the sample size of 0.5 m (Konno et al. Proc.
Offshore Technology Conference 2010, 20591 (2010)). On the
basis of the study and the analysis, we have judged that mass
transfer dominates the dissociation process with an apparatus of
over 1m-size. We have added the explanation in lines 3-8 on page
93 and reference No.15.

2. On designing the apparatus, we have set the most important
R&D issues to be investigating the dependence of productivity
of the depressurization method on the permeability of the sample
and finding the most suitable depressurization conditions, and
analyzing quantitatively the impact of sand production, skin

formation, and flow obstructions. The explanation of the functions
prepared to clear the issues, their technological issues and the
ways to clear the issues have been added to the manuscript.

3. It was described in a paper that the objective of the SUGAR
Project is to clarify the characteristics of CO, geological storage
and that the apparatus was introduced to carry out the methane
hydrate decomposition using the reaction heat generated in the
formation of CO, hydrate. The explanation of the objective has
been added to this manuscript. However, the author has not
obtained the accurate information on the design concept of the
apparatus and cannot explain it.

Synthesiology Vol.5 No.2 (2012)
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Toward the integrated optimization of steel plate production process

— A proposal for production control by multi-scale hierarchical modeling —

Kiyoshi Nistioka™™, Yasushi Mizutant®, Hironori Ueno’, Hirofumi Kawasakr™ and Yasunori BaBa®

Integrated optimization of production in the steel industry to simultaneously minimize lead time and improve productivity is a real
challenge. Lean manufacturing, recognized as a leading successful example of such optimization, is characterized by synchronization of
time scale of production with that of the mainline. However, in the steel industry, it is inherently difficult to implement synchronization
and reduction of production time to the same degree as in the automobile industry. This difficulty motivated our method for integrated
optimization of production at the plant level in the steel industry, by modeling the production control as a multi-scale hierarchical structure
in time. This paper describes an attempt to systematize production knowledge in industry by a synthesis of practical knowledge (of shop-
floor engineers) and company experiences.

Keywords : Steel industry, integrated optimization, production control system, multi- scale hierarchically structured model, lean production system
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Information sharing platform to assist rescue activities in huge disasters
— System linkage via data mediation —

Itsuki Nopa

Various “unexpected” situations caused by the Great East Japan Earthquake severely hampered disaster-control systems of Japanese
national and local governments. A flexible framework for disaster information systems that is reorganizable depending on circumstances
is required to mitigate such serious situations. In this article, | propose the concept of “loose linkages” of information systems based on
data mediation and a platform for disaster mitigation information sharing. The platform enables us to link various systems quickly, so that
we can reconstruct disaster information systems according to various situations in major disasters. | found that the concept was effective
for the Great East Japan Earthquake along with various ad-hoc activities of information volunteers. We should spread this concept and

platform to Japanese national and local governments, and support organizations to prepare for future disasters.

Keywords : Information sharing, disaster mitigation, database, system integration
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Spinning process using robot technology
— Field-based bricolage of manufacturing technology —
Hirohiko ARAI

Metal spinning is a plastic forming method in which rotating metal material is pushed by a roller to form a product. It is suitable
for production of a wide variety of products in small quantities due to low cost forming dies. We have achieved fabrication of non-
axisymmetric shapes by using robot technology, which was difficult to realize by conventional methods. A prototype of a practical
spinning machine has been developed in collaboration with a spinning machinery manufacturer. In this research, we have basically
set preference for commercial realization over academic contribution. This research was carried out in a bottom-up and trial-and-error
manner, and the targets of this research were frequently modified depending on the situation. Bricolage, utilizing the combination of
available and limited resources at hand, has played a key role in the research activity. Decision-making has reflected Three-actuality
theory, which values actual field site, actual material, and actuality. We have added the increase of customer satisfaction to the criteria of
value and have set the sales activities as a part of the research.

Keywords : Metal spinning, robot, metal forming, bottom-up, bricolage, san-gen-shugi
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Synthesiology Message

MESSAGES FROM THE EDITORIAL BOARD

There has been a wide gap between science and society. The last three hundred years of
the history of modern science indicates to us that many research results disappeared or
took a long time to become useful to society. Due to the difficulties of bridging this gap,
it has been recently called the valley of death or the nightmare stage ™ *. Rather than
passively waiting, therefore, researchers and engineers who understand the potential of the
research should be active.

To bridge the gap, technology integration * T/Pe 2 Basic Research =Note 2) o s sientific findings for
utilizing them in society, in addition to analytical research, has been one of the wheels
of progress ¢ P! Researeh “Noted) T ditional journals, have been collecting much analytical
$ype knowledge that is factual knowledge and establishing many scientific disciplines “*
ype 1 Basic Research = Note d) - Technology integration research activities, on the other hand, have
been kept as personal know-how. They have not been formalized as universal knowledge
of what ought to be done.

As there must be common theories, principles, and practices in the methodologies of tech-
nology integration, we regard it as basic research. This is the reason why we have decided
to publish “Synthesiology”, a new academic journal. Synthesiology is a coined word com-
bining “synthesis” and “ology”. Synthesis which has its origin in Greek means integra-
tion. Ology is a suffix attached to scientific disciplines.

Each paper in this journal will present scenarios selected for their societal value, identify
elemental knowledge and/or technologies to be integrated, and describe the procedures
and processes to achieve this goal. Through the publishing of papers in this journal, re-
searchers and engineers can enhance the transformation of scientific outputs into the soci-
etal prosperity and make technical contributions to sustainable development. Efforts such
as this will serve to increase the significance of research activities to society.

We look forward to your active contributions of papers on technology integration to the
journal.

“Synthesiology” Editorial Board
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Note 1

Note 2

Note 3

Note 4

Note 5

Message

The period was named “nightmare stage” by Hiroyuki Yoshikawa, President of AIST, and historical
scientist Joseph Hatvany. The “valley of death” was by Vernon Ehlers in 1998 when he was Vice
Chairman of US Congress, Science and Technology Committee. Lewis Branscomb, Professor emeritus of
Harvard University, called this gap as “Darwinian sea” where natural selection takes place.

Type 2 Basic Research

This is a research type where various known and new knowledge is combined and integrated in order to
achieve the specific goal that has social value. It also includes research activities that develop common
theories or principles in technology integration.

Full Research

This is a research type where the theme is placed within the scenario toward the future society, and where
framework is developed in which researchers from wide range of research fields can participate in studying
actual issues. This research is done continuously and concurrently from Type 1 Basic Research ®*°® to
Product Realization Research ", centered by Type 2 Basic Research ™2,

Type 1 Basic Research
This is an analytical research type where unknown phenomena are analyzed, by observation,
experimentation, and theoretical calculation, to establish universal principles and theories.

Product Realization Research
This is a research where the results and knowledge from Type 1 Basic Research and Type 2 Basic Research
are applied to embody use of a new technology in the society.

Edited by Synthesiology Editorial Board
Published by National Institute of Advanced Industrial Science and Technology (AIST)
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Synthesiology Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words”, the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies
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are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (Item 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas
for which the products have already been introduced into
society, but research and development conducted for the
purpose of future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well.

Synthesiology Vol.5 No.2 (2012)
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews
such as opening statements, research papers, and editorials.
The Editorial Board, in principle, should commission
overviews. Research papers are description of content and
the process of research and development conducted by the
researchers themselves, and will be published after the peer
review process is complete. Editorials are expository articles
for science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item Requirement

Peer Review Criteria

1 Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

o | Relationship of research

goal and the society for the society.

Describe relationship of research goal and the society, or its value

Relationship of research goal and the society
is rationally described.

Scenario Pt agred »
3 scientific words” .

Describe the scenario or hypothesis to achieve research goal with

Scenario or hypothesis is rationally described.

4 Selection of elemental

Describe the elemental technology(ies) selected to achieve the

Elemental technology(ies) is/are clearly

technology(ies)

research goal. Also describe why the particular elemental
technology(ies) was/were selected.

described. Reason for selecting the elemental
technology(ies) is rationally described.

Relationship and
integration of elemental
technologies

Describe how the selected elemental technologies are related to
each other, and how the research goal was achieved by composing
and integrating the elements, with “scientific words” .

Mutual relationship and integration of
elemental technologies are rationally
described with “scientific words” .

Evaluation of result and
future development

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented
research.

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

Originality

Do not describe the same content published previously in other
research papers.

There is no description of the same content
published in other research papers.

Synthesiology Vol.5 No.2 (2012)
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Synthesiology Instructions for Authors

Instructions for Authors

1 Types of contributions

Research papers or editorials and manuscripts to
the “Readers’ Forum” should be submitted to the
Editorial Board. After receiving the manuscript, if
the editorial board judges it necessary, the reviewers
may give an interview to the author(s) in person or by
phone to clarify points in addition to the exchange of
the reviewers’reports.

2 Qualification of contributors

There are no limitations regarding author affiliation
or discipline as long as the content of the submitted
article meets the editorial policy of Synthesiology,
except authorship should be clearly stated. (It should
be clearly stated that all authors have made essential
contributions to the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or
English.

Accepted articles will be published in Synthesiology
(ISSN 1882-6229) in the language they were
submitted. All articles will also be published in
Synthesiology - English edition (ISSN 1883-0978).
The English edition will be distributed throughout the
world approximately four months after the original
Synthesiology issue is published. Articles written
in English will be published in English in both the
original Synthesiology as well as the English edition.
Authors who write articles for Synthesiology in
Japanese will be asked to provide English translations
for the English edition of the journal within 2 months
after the original edition is published.

3.1.2 Research papers should comply with the
structure and format stated below, and editorials
should also comply with the same structure and
format except subtitles and abstracts are unnecessary.
Manuscripts for “Readers’ Forum” shall be comments
on or impressions of articles in Synthesiology, or
beneficial information for the readers, and should be
written in a free style of no more than 1,200 words.
Editorials and manuscripts for “Readers’ Forum” will
be reviewed by the Editorial Board prior to being
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approved for publication.

3.1.3 Research papers should only be original papers
(new literary work).

3.1.4 Research papers should comply with various
guidelines of research ethics.

3.2 Structure

3.2.1 The manuscript should include a title (including
subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).
3.2.2 Title, abstract, name of author(s), keywords, and
institution/contact shall be provided in Japanese and
English.

3.2.3 The manuscript shall be prepared using word
processors or similar devices, and printed on A4-size
portrait (vertical) sheets of paper. The length of the
manuscript shall be, about 6 printed pages including
figures, tables, and photographs.

3.2.4 Research papers and editorials shall have front
covers and the category of the articles (research
paper or editorial) shall be stated clearly on the cover
sheets.

3.2.5 The title should be about 10-20 Japanese
characters (5-10 English words), and readily
understandable for a diverse readership background.
Research papers shall have subtitles of about 15-
25 Japanese characters (7-15 English words) to help
recognition by specialists.

3.2.6 The abstract should include the thoughts behind
the integration of technological elements and the
reason for their selection as well as the scenario for
utilizing the research results in society.

3.2.7 The abstract should be 300 Japanese characters
or less (125 English words). The Japanese abstract
may be omitted in the English edition.

3.2.8 The main text should be about 9,000 Japanese
characters (3,400 English words).

3.2.9 The article submitted should be accompanied
by profiles of all authors, of about 200 Japanese
characters (75 English words) for each author. The
essential contribution of each author to the paper
should also be included. Confirm that all persons
who have made essential contributions to the paper
are included.

3.2.10 Discussion with reviewers regarding the
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research paper content shall be done openly with
names of reviewers disclosed, and the Editorial Board
will edit the highlights of the review process to about
3,000 Japanese characters (1,200 English words) or a
maximum of 2 pages. The edited discussion will be
attached to the main body of the paper as
part of the article.
3.2.11 If there are reprinted figures, graphs or
citations from other papers, prior permission for
citation must be obtained and should be clearly stated
in the paper, and the sources should be listed in
the reference list. A copy of the permission should
be sent to the Publishing Secretariat. All verbatim
quotations should be placed in quotation marks or
marked clearly within the paper.
3.3 Format
3.3.1 The headings for chapters should be 1, 2, 3...,
for subchapters, 1.1, 1.2, 1.3..., for sections, 1.1.1,
112,113
3.3.2 The text should be in formal style. The chapters,
subchapters, and sections should be enumerated.
There should be one line space before each
paragraph.
3.3.3 Figures, tables, and photographs should be
enumerated. They should each have a title and an
explanation (about 20-40 Japanese characters or 10-
20 English words), and their positions in the text
should be clearly indicated.
3.3.4 For figures, image files (resolution 350 dpi or
higher) should be submitted. In principle, the final
print will be in black and white.
3.3.5 For photographs, image files (resolution 350 dpi
or higher) should be submitted. In principle, the final
print will be in black and white.
3.3.6 References should be listed in order of citation
in the main text.
Journal — [No.] Author(s): Title of article, Title
of journal (italic), Volume(lssue), Starting page-
Ending page (Year of publication).
Book — [No.] Author(s): Title of book (italic),

Synthesiology Vol.5 No.2 (2012)

Starting page-Ending page, Publisher, Place of
Publication ('Year of publication).

4 Submission
One printed copy or electronic file of manuscript
with a checklist attached should be submitted to the
following address:
Synthesiology Editorial Board
c/o Website and Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tsukuba Central 2 , 1-1-1 Umezono, Tsukuba
305-8568
E-mail: synthesiology-ml@aist.go.jp
The submitted article will not be returned.

5 Proofreading

Proofreading by author(s) of articles after typesetting
is complete will be done once. In principle, only
correction of printing errors are allowed in the
proofreading stage.

6 Responsibility
The author(s) will be solely responsible for the
content of the contributed article.

7 Copyright

The copyright of the articles published in
“Synthesiology” and “Synthesiology English edition”
shall belong to the National Institute of Advanced
Industrial Science and Technology(AIST).

Inquiries:
Synthesiology Editorial Board
c/o Website and Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tel: +81-29-862-6217 Fax: +81-29-862-6212
E-mail: synthesiology-ml@aist.go.jp
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Messages from the editorial board

Research papers
Paleoclimate reconstruction and future forecast based on coral skeletal climatology

-Understanding the oceanic history through precise chemical and isotope analyses of coral annual bands-
A.Suzuki

Development of methane hydrate production method
-A large-scale laboratory reactor for methane hydrate production tests-
J.NAGao

Toward the integrated optimization of steel plate production process
-A proposal for production control by multi-scale hierarchical modeling-
K.Nisnaioka, Y.Mizutant, H.UENo, H. KAawasakT and Y.BaBa

Information sharing platform to assist rescue activities in huge disasters
-System linkage via data mediation-
I.Nopa

Spinning process using robot technology
-Field-based bricolage of manufacturing technology-
H.ARrA1

Round-table talks

Science and technology policies and synthesiology; actualization and “connection” to value

Editorial policy
Instructions for authors
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