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1. Highlights of Phase I Accomplishments 

Continuous efforts have been made to elucidate the characteristics of pore filling type methane 

hydrate bearing sediments in marine environments and to execute our responsibility as one of the 

front runners in methane hydrate research. 

(1) Success of continuously methane gas production from subsurface methane hydrate-bearing 

zones. 

¶ Methane hydrate-bearing zones have been recognized in subsurface layers of the Arctic 

region for approximately 40 years. 

¶ As the worldôs first attempt, we succeeded in producing methane gas continuously by 

dissociating methane hydrates that saturate the sandstone layers at depths of approximately 

1,000m below the surface in Canada. 

¶ Both the hot water circulation method (2002) and the depressurization method (2007 and 

2008) were successfully conducted to produce methane gas, and the depressurization 

method was proven to be effective as a production method that could be utilized in future. 

See article 6. Achievements of the Onshore Gas Hydrate Production Test. 

(2) For the first time in the world, turbidite sand and mud alternation layers were discovered in the 

eastern Nankai Trough area, which were considered viable and prosperous for developing 

methane hydrates resources. 

¶ The occurrence of methane hydrate filling pore spaces of sand layers offshore was revealed 

for the first time through the drilling of the MITI Exploratory Test Well ñNankai Troughò in 

FY 1999. Those sand layers were also confirmed to be turbidite sand and mud alternation 

layers through the drilling of METI Exploratory Test Wells ñTokai-oki to Kumano-nadaò in 

FY 2003. 

¶ The technique of picking out the methane hydrate concentrated zones which were the 

alternations of sand and shale composed of sand layers with high methane hydrate saturation 

has been established. 

See article of 5.1. Objective 1: . 

(3) Experimental testing methods of core samples obtained from methane hydrate-bearing layers and 

associated layers at the in-situ conditions were established. 

¶ The occurrence and properties at the in-situ conditions of turbidite sand and mud alternation 

layers were elucidated. 

¶ Improvements of the PTCS (Pressure-Temperature Core Sampler) system originally developed 

in Japan contributed somewhat to the retrieval of layer samples while maintaining the in-situ 

pressures and temperatures.  
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See article of 8.2. Physical Property Measurements of Methane hydrate-bearing layers (2. 

Modeling Section) and 10.2. Laboratory Facilities of Core Testing. 

(4) In a world first, the probabilistic method based on the well data and seismic data calculating the 

volume of resource of methane gas contained in methane hydrate-bearing layers was established, 

and the amount of gas trapped in the eastern Nankai Trough area was estimated with this method. 

See article of 5.2. Objective 2: Assessment of methane gas amounts in promising methane 

hydrate bearing offshore areas. 

(5) The Japan's own simulator dedicated to evaluating the production behaviors of methane gas from 

methane hydrate-bearing layers was developed.  

See article of 7. The Production Simulator. 
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2. Methane Hydrate 

Methane hydrate is one of a number of unconventional natural gas resources. It is an ice-like white 

solid form that is composed of water and methane gas, and is sometimes called fiery ice. Methane 

hydrate is stable in a limited range of pressures and temperatures (stability field), as indicated in 

Figure 2-1. 

 

 

 

 

 

 

 

 

 

 

Figure 2-1  Stability field of methane hydrate 

 

Methane hydrate crystals are usually comprised of two kinds of polyhedral structures, of which the 

smaller one is shown in Figure 2-2. Each methane molecule is contained in a cage of water molecules. 

Methane hydrate consists of numerous cages that do not always contain all methane molecules. In 

occasional cases, some cages are empty. The ratio of methane molecule occupied cages is indicated as 

the methane cage occupancy. According to recent studies, cage occupancy of natural methane hydrate 

ranges from 0.9 to 0.95. 

One m
3
 of methane hydrate would dissociate to 0.8m

3
 of water and methane. The volume of methane 

becomes to 172m
3
 (0°C, 1atm) when the cage occupancy is 100%. It usually ranges from 155 to 

165m
3
 depending on the cage occupancy, and may be 165m

3
 on average. 
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Figure 2-2   A small cage composed of the crystalline structure of methane hydrate 

Green: methane molecule Red: water molecule 

 

Methane hydrate offshore exists in a variety of shapes and occurrences. 

Figure 2-3 shows the sandy core obtained from the formation at the depth of 164.3m below seafloor in 

METI Exploratory Test Wells ñTokai-oki to Kumano-nadaò of which water depth is 720m. Methane 

hydrate fills the intergranular pore spaces among sand grains. Gas is trapped in pore spaces of the 

conventional natural gas layers, but the pore spaces of methane hydrate-bearing layers are occupied 

by methane hydrate instead of gas. When methane hydrate dissociates, gas and water may fill the pore 

spaces in a way similar to that of conventional natural gas layers. Those methane hydrate-bearing 

sandy layers are the target of the exploitation of methane hydrate. 

 

Figure 2-3   A core from the sandy methane hydrate-bearing layer 

Figure 2-4 shows a sample of massive methane hydrate contained in a muddy sediment obtained from 

a depth of 126m below the seafloor at the Kumano-nada offshore in METI Exploratory Test Wells 

ñTokai-oki to Kumano-nadaò where water depth is 1,862m. Such an occurrence is recognized in 
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marine environments worldwide, and is considered low in the order of priority for exploitation 

compared to methane hydrate existing in sandy sediments. 

 

Figure 2-4   A massive sample of methane hydrate in muddy sediment 

Figure 2-5 shows an example of massive methane hydrates exposed on the seafloor, which was 

discovered at a water depth of 545m in the Gulf of Mexico, in the United States. This is not white in 

color due to it containing impurities, and it has been discovered on seafloors around the world. It was 

also discovered in the southwest offshore of the Sado Island in Japan, and is considered low in the 

order of priority for exploitation compared to methane hydrate existing in sandy sediments. 

 

Figure 2-5   A methane hydrate exposure on the seafloor  

(Fire in the Ice, Winter 2004) 
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3. Japanôs Methane Hydrate R&D Program and Implementation Structure of Phase 1 

3.1 Japanôs Methane Hydrate R&D Program 

According to the accomplishments of the MITI Geophysical Exploration ñNankai Troughò in FY 

1996 conducted by METI and the MITI Exploratory Test Well ñNankai Troughò in FY 1999 that was 

undertaken based on the results of "drilling of a methane hydrate research well in Mackenzie delta, 

Canada" in FY 1998, the result confirming the existence of methane hydrate layers in marine sandy 

sediments was obtained for the first time in the world. Therefore, there is a possibility that methane 

hydrate deposits may be able to be used as an energy resource. 

Japanôs Methane Hydrate R&D Program (hereafter called "the R&D Program") (July, 2001) was 

organized from a medium- to long-term viewpoint of aspiring to find solutions to various issues 

regarding the economical extraction and utilization of methane gas from methane hydrate-bearing 

layers. 

The relevant articles in the R&D Program are quoted below. 

 

ñJapanôs Methane Hydrate R&D Programò 

I. Objectives 

Methane hydrate, of which there is expected to be substantial amounts 

offshore Japan, is positioned as a future energy resource, and impelling 

technological developments into drilling and production of methane hydrate on 

an economical basis for future utilization will contribute to the acquisition of a 

long-term steady supply of energy. 

II. Goals of the Methane Hydrate R&D Program 

In order to improve technologies for the commercial production of methane 

hydrate distributed offshore Japan, the following goals have been configured. 

To help turn the plan into reality, efficient technological developments will be 

promoted in conjunction with ideas from international collaborations. This 

scheme and associated achievement will be reflected in government energy 

policy. 

1. Clarification of MH occurrences and characteristics offshore Japan 

2. Assessment of methane gas amounts trapped in promising methane 

hydrate bearing offshore areas 

3. Selection of methane hydrate resource fields from promising methane 

hydrate bearing offshore areas and deliberation of economic potential 

4. Implementation of production test in the selected methane hydrate 

resource fields (until FY 2011) 

5. Improvement of technologies for the commercial production (until FY 

2016) 

6. Establishment of a development system complying with environment 

III. Road map for achievement of goals 

The road map and prioritized technological issues to accomplishment the 

above goals are described below. In addition, the scheme will be advanced by 

investigating specific technology development items and implementation 

structure. 
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1 Targets for developing methane hydrate resources 

(1) Occurrences expected 

1) Occurrences in sandy sediments (unconsolidated sand 

sediments and sandstone sediments) 

a. Methane hydrate-bearing layers 

b. Methane hydrate-bearing layers and associated 

free gas layers beneath 

Gas phase is network-saturated and has effective 

permeability 

2) Occurrences in sedimentary formations other than sandy 

sediments 

(2) Targets for development 

In this plan, occurrences of methane hydrate in sandy 

sediments should be near-term targets for exploitation. 

Methane gas contained in hydrate is expected to be mainly 

biogenic, however, the presence of thermogenic gas should be 

noted. 

(the rest is omitted) 

We have targeted methane hydrate contained in sandy sediments for research and development for 

Phase 1. Each of the items in the goals in the R&D Program is allocated to Phases 1 to 3 as follows. 

1. Clarification of MH occurrences and characteristics offshore Japan 

According to the findings obtained from the eastern Nankai Trough area till FY 2006, we will 

investigate the existing seismic data offshore Japan. In Phase 1 we have principally targeted the 

western Nankai Trough and southwest offshore of the Sado Island in addition to the eastern 

Nankai Trough area. We re-examined the BSR distributions in offshore Japan, and identified areas 

that were potentially methane hydrate concentrated zone. 

2. Assessment of methane gas amounts trapped in promising methane hydrate bearing offshore areas 

We developed a probabilistic method to calculate the volume of resource of methane gas trapped 

in methane hydrate contained in sandy sediments especially in the eastern Nankai Trough area. 

Future tasks remain to be carried out for other areas. 

3. Selection of methane hydrate resource fields from promising methane hydrate bearing offshore 

areas and deliberation of economic potential 

We developed a method to select methane hydrate resource fields in the eastern Nankai Trough 

area, and implemented it. We also evaluated the economic potential in a section of those areas. 

4. Implementation of production test in the selected methane hydrate resource fields (until FY 2011) 

Although this item was supposed to have been implemented in Phase 2, necessary technologies 

for the offshore production test in the methane hydrate-bearing layers were partially researched 

and developed in Phase 1. 
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This schedule was revised at 
the end of Phase 1. 

(1)Extraction of technical issues through offshore production tests 

(2)Recommendation of economical and efficient recovery methods 

(3)Evaluation of methane hydrate distribution off the coast of Japan 

(4)Recommendation of EIA methods through offshore production tests 

5. Improvement of technologies for the commercial production (until FY 2016) 

This item is expected to be implemented in Phase 3. 

6. Establishment of a development system complying with environment 

Fundamental data about the natural environment in the eastern Nankai Trough area where the 

offshore production test is expected to be carried out are examined in Phase 1. We began to 

research and develop technologies to establish a development system complying with 

environment in Phase 1, which will be continued to the end of the R&D Program. 

FY limits of time specified in the items 4 and 5 are the future tasks that remain to be carried out. 

Phase 1 was initially planned for six years from FY 2001 to FY 2006. However, a two-year extension 

was demanded by the following reasons; (1) It became clear through METI Exploratory Test Wells 

ñTokai-oki to Kumano-nadaò (FY 2003) that methane hydrate of the eastern Nankai Trough existed in 

sandy sediments of alternating beds of sand and mud, (2) Depressurization method was suggested as 

an efficient production method at the methane hydrate-bearing layers and, (3) Optimal design to 

realize the depressurization method in the production test was required. Evaluations and 

admonishments from the Advisory Committee for Promotion and Evaluation of National Methane 

Hydrate R&D Program, the Evaluation Subcommittee of Industrial Technology Sectional Committee 

of Industrial Structure Council and the Council for Science and Technology Policy Expert Panel on 

Evaluation conducted in FY 2005 allowed Phase 1 to be extended by two years. Therefore, Phase 1 

was amended for eight years from FY 2001 to FY 2008 (refer to Figure 3-1). 

Figure 3-1   "Japanôs Methane Hydrate R&D program": Schedule 

(the Phase 1 after amendment of a two-year enlargement) 
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3.2 Implementation Structure of Phase 1 

ñResearch Consortium for Methane Hydrate Resources in Japanò (abbreviated name: MH21 Research 

Consortium) was set up to attain the goals of Phase 1. Three organizations comprising Japan Oil, Gas 

and Metals National Corporation (JOGMEC), the National Institute of Advanced Industrial Science 

and Technology (AIST), and the Engineering Advancement Association of Japan (ENAA) were 

selected to make up of the Research Consortium for Methane Hydrate Resources in Japan. These 

three organizations consigned and subcontracted work to approximately 30 industries, universities and 

research institutes, which conducted research and development work by collating knowledge from 

almost 300 researchers. 

The R&D Program was carried out by three groups, and the Secretariat for Research Consortium for 

Methane Hydrate Resources in Japan was set up to assist those groups in carrying out their activities. 

Each group took charge as follows. 

(1) The Research Group for Resources Assessment (JOGMEC in charge) 

- Researches for exploration techniques of methane hydrate-bearing layers 

- Developments and evaluations of technologies for resource assessment 

- Researches for technologies of well drilling / completions / production. 

(2) The Research Group for Production Method and Modeling (AIST in charge) 

- Investigation of fundamental properties of methane hydrate-bearing layers 

- Developments of production simulator and various recovery technologies. 

(3) The Research Group for Environment Impact (ENAA in charge) 

- Investigation of offshore environment 

- Environment impact assessment 

(4) The Secretariat for Research Consortium for Methane Hydrate Resources in Japan (JOGMEC in 

charge) 

- Administering, budgeting and contracting projects of the Research Consortium for Methane 

Hydrate Resources in Japan 

- Management of public affairs, promotion of achievements, and other activities 

Working groups and taskforces were set up as sites for information sharing and collaborative work 

among researchers of these groups in order to promote the research and facilitate operations (refer to 

Figure 3-2). 
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Figure 3-2   Implementation structure of the Research Consortium for Methane Hydrate 

Resources in Japan 
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4. Principal Events in Phase 1 

¶ July 19, 2001: ñJapanôs Methane Hydrate R&D Programò was announced. 

¶ December 2001 to March 2002: The First Onshore Methane Hydrate Production Test was carried 

out 

¶ March 20, 2002: The Research Consortium for Methane Hydrate Resources in Japan was 

founded. 

¶ April 3, 2002: The first Advisory Committee for National Methane Hydrate R&D Program 

¶ FY 2001: METI "Tokai-oki to Kumano-nada" (2D) seismic surveys 

¶ (Reference) FY 2001: METI "Sado-oki Nansei" (2D) seismic surveys 

¶ FY 2002: METI "Tokai-oki to Kumano-nada" (3D) seismic surveys 

¶ December 2003: Mallik International Symposium in Makuhari 

¶ January to May 2004: METI Exploratory Test Wells ñTokai-oki to Kumano-nadaò 

¶ April to May 2005: The Advisory Committee for Promotion and Evaluation of National Methane 

Hydrate R&D Program (the first and the second meetings) 

¶ July 2005: The Evaluation Subcommittee of Industrial Technology Sectional Committee of 

Industrial Structure Council 

¶ January to March 2006: Council for Science and Technology Policy Expert Panel on Evaluation 

¶ July 2006: The Advisory Committee for Promotion and Evaluation of National Methane Hydrate 

R&D Program (the third meeting) 

¶ December 2006 to April 2007: The first winter test for the Second Onshore Methane Hydrate  

Production Test 

¶ January to April 2008: The second winter test for the Second Onshore Methane Hydrate 

Production Test 
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5. Status of Achievement of R&D Program Goals 

The implementation plan of Phase 1, which was instituted in line with the R&D Program., was 

deliberated and investigated in the first Advisory Committee for National Methane Hydrate R&D 

Program, and the plan has almost been accomplished except for the delay related to the Onshore 

Production Test. The status of the achievements of the goals of the objectives 1, 2, 3, and 6 in R&D 

Program chapter II are summarized below, which may comprehensively indicate the accomplishments 

of Phase 1. 

Regarding the achievements of the Onshore Production Test and the advances of simulators, they are 

of such importance that we describe them in detail in the articles of ñ6. Achievements of the Onshore 

Gas Hydrate Production Test,ò and ñ7. The Production Simulator,ò respectively. 

Emphatic points of the achievements of the other items are summed up in the article of ñ8. 

Predominant Results of Items Above.ò 

5.1 Objective 1: Clarification of MH occurrences and characteristics offshore Japan 

As the investigation of BSR (Bottom Simulating Reflector) distributions around Japan (Figure 5-1) 

predominantly conducted by the former JNOC (Japan National Oil Corporation) has been taken over, 

geophysical explorations in southwest offshore of the Sado Island as well as geophysical explorations 

and MITI exploratory test well in the eastern Nankai Trough area have been carried out after the R&D 

Program commenced. Thirty two (32) wells were drilled in the METI Exploratory Test Wells 

ñTokai-oki to Kumano-nada,ò and various new analysis techniques have been established by 

comparing the data of LWD (Logging While Drilling), wireline logging and core recovery with the 

2D/ 3D seismic data. We are now able to interpret existing seismic survey data to a high level of 

accuracy. 
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Figure 5-1  BSR distributions in the surrounding offshore areas around Japan 

While the BSR has usually been used as an indicator of the existence of methane hydrate, the new 

technique was obtained to clarify what the BSR indicates and to quantitatively recognize the methane 

hydrate-bearing layers according to comprehensive examinations of the geophysical explorations and 

the MITI exploratory test well in the eastern Nankai Trough area. 

(1) Since the BSR occurs at the interface between the base of the methane hydrate stability zone and 

the free gas-bearing water layers beneath, the BSR is not observed when methane hydrates exist 

only in shallower depths away from the BSR. 

(2) The BSR is sometimes recognized simply due to the seismic phase change and so on instead of 

the identification of distinct seismic reflector. 

(3) The BSR denotes the existence of methane hydrate qualitatively, and as an indicator is insufficient 

for showing the amount of resources. 

(4) The methodology was established to delineate methane hydrate concentrated zones and the 

amount of gas trapped was evaluated. 

The existence of methane hydrate became clear in the METI Exploratory Test Wells ñTokai-oki to 

Kumano-nadaò and was found to be distributed in sand sediments of turbidite sand and mud 

alternation layers (refer to the picture in Figure 2-3). Figure 5-2 shows an example of logging data 

 

Southwest offshore  

of the Sado Island 

 

Eastern Nankai  
Trough Area 

 



Research Consortium on Developing Methane Hydrate Resources Phase 1 Comprehensive Report of Research Results 

14 

denoting methane hydrate concentrated zones in turbidite sand and mud alternation layers. Those 

methane hydrate concentrated zones are recognized as being high-resistivity and high-velocity zones 

on the logging data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distribution of borehole resistivity Downhole well log records 

MH concentrated zone 
Depth from 815 to 920m 
Layer thickness 105m 

 

Figure 5-2  Example of the downhole well log data denoting turbidite sand and mud 

alteration layers 

The geological characteristics of turbidite sand and mud alternation layers in the eastern Nankai 

Trough area are summarized in  Figure5-3. 
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 Figure5-3  Geological characteristics of turbidite sand and mud alternation layers  

 

When coarse sediments deposited at shallow depths are mixed with circumjacent fluids, fluidized and 

transported into the deep sea by earthquakes, storm winds and tsunami once every few decades or 

hundred years, these sediments form into so-called submarine fans. They form alternating beds of 

sand and mud offshore where only fine-grained mud can be deposited, and are called turbidite layers. 

These are recognized as the shapes of a channel and a lobe in seismic data. In these layers, methane 

hydrate is understood to concentrate in the methane hydrate stability zone indicated by BSRs (Figure 

5-4). 

Since sedimentary formations where methane hydrate is concentrated continuously on a broad scale 

are considered to be promising, they are defined as methane hydrate concentrated zones and evaluated 

differently from other methane hydrate-bearing layers. 

We then examined all the data obtained from the METI Exploratory Test Wells ñTokai-oki to 

Kumano-nada,ò and fixed criteria of the high resistivity layer to be greater than 3ɋÅm in wells and 

thicker than 10m in net thickness as a threshold level to distinguish the methane hydrate concentrated 

zones from other zones. Based on this criterion, we checked several properties shown on the seismic 

data at the locations with well controls, and confirmed the method to be used by picking the  

methane hydrate concentrated zones out from the reflection seismic data by using the following four 

indices: 
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A) Existence of BSRs 

B) Distributions of turbidite sand and mud alternation layers such as channels and lobes above BSRs 

C) High amplitude reflector 

D) High velocity anomaly 

In addition, 16 methane hydrate concentrated zones have been identified in the eastern Nankai Trough 

area using this method. The normal characteristics of methane hydrate concentrated zones are 

estimated, and values of net/ gross ratio 0.37, porosity 0.44 and methane hydrate saturation 0.51 are 

obtained.  
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Figure 5-4  Example of methane hydrate concentrated zones  

(the methane hydrate concentrated zone ɓ) 

 

Since the concept of ñMethane Hydrate Concentrated Zoneò and the method for its evaluation were 

confirmed, the following have become feasible. 

(1) Probabilistic calculations of original gas in places became feasible (refer to the article 5.2). 

(2) Abstractions of the potential areas with methane hydrate concentrated zones became feasible by 

applying the newly established analytical technique of geophysical exploration to other areas. 

The physical properties of turbidite sand and mud alternation layers as reservoirs recognized in the 

METI Exploratory Test Wells ñTokai-oki to Kumano-nadaò have been pursued by the analyses of 

recovered core samples and the project standard samples simulating methane hydrate-bearing layers. 

For this purpose, the technique of making the artificial methane hydrate sediment core that simulate 

the core samples recovered from the METI/MITI Exploratory Test Wells has been developed, and the 
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basic technique of measuring the physical properties of sediments at the in-situ conditions has been 

improved (refer to the article 8.2). 

The physical properties of those turbidite sand and mud alternation layers as reservoirs may serve as a 

basis of data input to the production simulators for evaluating the production volumes and figuring 

out the economic potential. Prevailing values of the physical properties are shown below. 

A) Thermal property 

Thermal conductivity; 

Sandy cores: 1.56W/mÅK, Muddy cores: 1.15W/mÅK 

Cores in the vicinity of the interface between alternating beds of sand and mud:  

 1.7 - 2.3W/mÅK 

Specific heat (15ęC);  

Sand grain of sandy cores: 0.82J/gÅK 

Muddy parts: 0.77J/gÅK 

Methane hydrate-bearing layers (porosity 40%, methane hydrate saturation 60%): 1.26J/gÅK 

Massive methane hydrates: 1.91J/gÅK 

B) Permeability characteristics 

Absolute permeability of sandy cores after methane hydrate dissociated: a few millidarcies - a 

couple of 100 millidarcies (anisotropic nature possibly) 

Absolute permeability of muddy sediments: a few ɛ darcies - a couple of 100ɛ darcies 

C) Characteristics of Elastic Wave 

Core samples recovered from the METI/MITI Exploratory Test Wells with 30% of methane 

hydrate saturation: P wave 2,000m/s, S wave 800m/s 

Increasing rate per 10% of methane hydrate saturation: P wave 140m/s, S wave 110m/s 

D) Resistivity characteristics 

At around 3ɋÅm for core samples with a few percent of methane hydrate saturation 

E) Grain size (sandy sediments cores) 

Relatively large sand grains with 100ɛm - 300ɛm in grain diameter, 200ɛm on average grain size 

at the base of sandy sediments, smaller than 100ɛm on average grain size at the top of sandy 

sediments. Alternations may contain silts more than 10% near the boundary with muddy 

sediments. 

F) Bulk density 

Sandy cores: 1.6 - 1.9, Muddy cores: 1.9 - 2.0 

G) Porosity 

Sandy cores: 40% - 45%, Muddy cores: 36% - 40% 

H) Methane hydrate saturation 
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Cores of sandy sediments: 40% - 50% (those values are considered much larger at the in-situ 

conditions due to hydrate dissociation processes at the time of measurements) 

Muddy cores: those scarcely contain methane hydrate. 

Cores in the vicinity of the interface between alternating beds of sand and mud: 1% - 3% 

I) Dissociation gas 

Sandy cores: methane, ethane is detected to 600ppm - 2,800ppm in the cores from some areas 

Muddy cores: around 1ml/g of CO2 has been detected. 

J) Strength of methane hydrate-bearing layers 

Strength of the alternating beds of sand and mud with 60% of methane hydrate saturation around 

the depth of 100m below the seafloor, which is estimated from the measured values of sandy 

cores: 7MPa - 8MPa. Studies on strength of the interface between alternating beds of sand and 

mud are also in progress. 

K) Influence of methane hydrate dissociation 

Strength of alternations decreases to about half the primary strength due to dissociation of 

methane hydrate accompanied by the advancement of consolidation and a decrease in absolute 

permeability. 

L) Capillary pressure measurement 

Muddy cores: Pressure at the beginning of injection is 0.14MPa. Pressure at 20% of injection is 

1MPa. They have sufficient seal capacity of gas. 

5.2 Objective 2: Assessment of methane gas amounts in promising methane hydrate bearing offshore 

areas 

 

Under the study of the preceding section 5.1 (the Objective 1), we selected the eastern Nankai Trough 

area (refer to Figure 5-1) as being a promising methane hydrate bearing area, and calculated the 

original methane gas in place in methane hydrate-bearing layers in sea areas. The calculation method 

is based on the volumetric method taking the range of uncertainty of each parameter into account, and 

evaluations by the stochastic method were adopted. We abstracted the methane hydrate concentrated 

zones and the spatial distributions of methane hydrate-bearing layers at the same offshore area shown 

in Figure 5-4, and calculated the amount of original gas in existence. An equation was introduced that 

was modified and was applicable to methane hydrate from the equation of volumetric method adapted 

to the conventional resources. 

The methane hydrate concentrated zones: 

The original methane gas in place = GRV × N/G × ű × SMH × VR × CO 
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Methane hydrate-bearing layers (other than the methane hydrate concentrated zones): 

The original methane gas in place = Area × Net × ű × SMH × VR × CO 

 

Parameters used above are listed in Table 5-1. 

Table 5-1  Parameters used in calculating resource volume of methane hydrate 

Parameters unit Assumed probability distribution 

GRV (gross rock volume) million m
3
 Log normal distribution 

N/G (net/gross ratio, ratio of sandy layer 

in alternating beds of sand and mud) 

fraction Log normal distribution 

ű (porosity) fraction Normal distribution 

SMH (methane hydrate saturation) fraction Normal distribution 

VR (volume ratio) fixed number Uniform distribution 

(172@0ęCÅatmospheric pressure) 

CO (cage occupancy) fraction Triangular distribution (0.95 on average 

obtained from natural samples) 

Area (area of distribution) km
3
 Log normal distribution 

Net (net thickness of sandy sediment) m Log normal distribution 

 

The original methane gas in place in the methane hydrate-bearing layers in the eastern Nankai Trough 

area is calculated using the above methods, and their results are summarized in Table 5-2. 

Calculations are carried out in each field containing a distribution of methane hydrate, and the total 

amounts are simply a sum. The original methane gas in place is a volume of methane at standard 

conditions (0ęC, atmospheric pressure), which are assumed to derive from the dissociation of methane 

hydrates into water and methane in subsurface formations. Some of these gases are produced to the 

surface, and the rest remains in the subsurface formations. The ratio of gas produced at the surface has 

not yet been determined, however it should become clear from an analysis of the results of the 

production test and a study of the production simulation. 

Table 5-2  Calculation results of the original methane gas in place  

in the methane hydrate-bearing layers in the eastern Nankai Trough area 

 Total volume of methane initially considered to 

exist (100million m
3
) 

Grouping P90 Pmean P10 

Methane hydrate concentrated zones 1,769 5,739 11,148 

Methane hydrate-bearing layers 1,067 5,676 12,208 

Total 2,836 11,415 23,356 
P90: Estimated occupied volume greater than this value, the probability of which exceeds 90% 

Pmean: The mean value 

P10: Estimated occupied volume larger than this value of which probability exceeds 10% 
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5.3 Objective 3: Selection of methane hydrate resource fields from promising methane hydrate 

bearing offshore areas and deliberation of economic potential 

This objective is divided into two aims such as selecting the methane hydrate resource fields and 

deliberating economic potential. Evaluations of the achievements of both of the above are conducted 

with scrupulous coordination, and are described separately for practical convenience. 

1) Selection of the Methane Hydrate Resource Fields 

The locations with well data of the METI/MITI Exploratory Test Wells extracted from methane 

hydrate concentrated zones at the 16 zones defined in section 5.1 were targeted for investigation of 41 

items, and three methane hydrate concentrated zones (Ŭ, ɓ, and ɔ) were adopted as the candidate areas 

for offshore production tests. Detailed geological models were constructed at the two concentrated 

zones of Ŭ and ɓ. Based on these models, reservoir models were built in a 1km
2 vicinity around the 

well, and production simulations were carried out. (Regarding the production simulation, refer to 

section ñ7. The Production Simulatorò) 

The 41 items used for the adoption are listed below. 

¶ Original gas in place 

¶ Geological items: volume, area, thickness of layer, stratigraphy, reservoir type, sedimentation 

pattern 

¶ Site situations: water depth, distance from the shore 

¶ Reservoir characteristics: reservoir thickness, sand/mud ratio, reservoir continuity, vertical 

permeability in reservoirs, degree of consolidation of sands and mud, depth of reservoirs, 

reservoir temperature, dip and strike of the reservoirs, existence of water layers in the 

reservoirs, permeability of the layer above the reservoir, existence of methane hydrate in the 

layer above the reservoir, existence of fault and fracture, permeability of the layer beneath the 

reservoir 

¶ Production relevance: predictions of productivities, predictions of production damages 

¶ Seafloor environments: inclinations of the seafloor, properties of sediments on the seafloor, 

existence of drilling troubles, circumjacent seafloor topography 

¶ Offshore environments: meteorological phenomena, hydrographic phenomena, ocean currents 

and tidal currents, background concentrations of dissolved methane in sea water, methane 

fluxes from the sediments, methane fluxes presumed by SMI depths, marine mammals, marine 

reptilians, ocean ranging fishes, benthonic living organisms 

¶ Others: fishing activities, submarine cables, sham battle fields 

(Remarks: SMI=Sulfate Methane Interface, which is a sulfate-methane boundary and one of the markers indicating 

methane fluxes adjacent to the sea floor.) 
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Characteristics of the ten out of the 41 items investigated in the three selected zones of the methane 

hydrate resource field are summarized in Table 5-3. 

Table 5-3  Three candidates of the methane hydrate concentrated zones  

in the methane hydrate resource fields 

Items 
Methane Hydrate 

Concentrated Zone Ŭ 

Methane Hydrate 

Concentrated Zone ɓ 

Methane Hydrate 

Concentrated Zone ɔ 
Original gas in place: Pmean 

(100million m3) 

591 87 111 

Area (km2) 35.5 12.3 23.7 

Total average thickness (m) 62.3 39.6 37.8 

Water depth (m) 675 - 878 857 - 1405 855 - 1,035 

Distance from shore (km) 40 - 50 70 - 80 40 - 50 

Reservoir types 
turbidite sand and mud 

alternation layers 

turbidite sand and mud 

alternation layers 

turbidite sand and mud 

alternation layers 

Depth of reservoirs (m) 
Ŭ-1 Well: 815 - 919 

Ŭ-2 Well: 922 - 953 
ɓ-1 Well: 1,295 - 1,339 ɔ-1 Well: 1,167 - 1,193 

Formation temperature (ęC) 
Ŭ-1Well Site 

8.6 - 10.3 

ɓ-1 Well Site 

12.7 - 14.3 

ɔ-1 Well Site 

12.5 - 13.2 

Inclination of seafloor Less than 2 degrees around 

the Ŭ-1 and Ŭ-2 wells. 

Sometimes exceeds 10 

degrees at some sites as the 

circumjacent seafloor 

topography is convoluted 

around the ɓ-1 well. The 

general inclination is 

approximately 3 degrees on 

average. Some areas of the 

seafloors are virtually flat.  

Less than 2 degrees 

around the ɔ-1 well. 

Circumjacent seafloor 

topography 

The topography is a gentle 

slope around the Ŭ-1 and 

Ŭ-2 wells. A steep 

escarpment begins at the 

site 5km east of the well, 

and continues to the 

depression. 

The seafloor topography is 

convoluted around the ɓ-1 

well and has a rise in the 

south. The trace of 

submarine landslide is 

recognized at the site 4km 

northwest of the well. 

The topography is a gentle 

slope around the ɔ-1 well. 

A steep escarpment begins 

at the site 4km from the 

well continuing to the 

submarine canyon. 

2) Deliberation of Economic Potential 

The aims of the economic potential deliberations are to develop an economic evaluation program that 

is suitable for the exploitation of methane hydrate, to create a vision for the feasibility of methane 

hydrate exploitation, to compare the estimated production costs expected from the present stage of 

research to those of conventional resources, to discover issues related to developing technologies, and 

so on. 

We deliberated on economic potential based on the production behaviors simulated for the methane 

hydrate concentrated zone Ŭ that were selected in the preceding section. We used the 

MH-ECONOMICS Basic Model economic evaluation program that has been developed and found 

suitable for the exploitation of methane hydrate. 

The R&D Program was configured with business operations to commence in 2016, production to 

commence in 2021, a production period of 15 years, and a production leadtime of each well for eight 
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years. Also, according to inquiries about fluctuating gas prices and other factors, the price of gas in 

2004 was configured to be 23.8JPY/m
3
, the rate of inflation was 2.56% as an annual percentage rate, 

and the rate of increase in gas prices was 3.88% as an annual percentage rate. 

Regarding the development system, production facilities will be put into place on the seafloor. Gases 

produced will be collected on the offshore platform and transported via pipeline to the destination for 

consumption. More specifically, a number of wells will be connected to the manifold set up on the 

seafloor, and the gases produced and water on the manifold will be separated by the separator. After 

being separated, the produced waters will be injected into the subsurface formations. After the gases 

produced are pressurized to a few MPa and collected on the offshore platform, they will be 

re-pressurized and delivered via pipeline to the destination for consumption. 

Prevailing assumptions used for the deliberation of economic potential at this time are as follows. 

(1) The geology is assumed to be uniform horizontally. The data of one of the wells drilled in this 

region have been adopted. 

(2) Long-term production damage is estimated to be within the scope of the assumption. It is 

necessary for this to be substantiated by production and other tests. 

(3) It is assumed that the volume of production will be fulfilled. The calculation by the production 

simulator has been applied. 

(4) It is assumed that the equipment, technologies and other factors will be implemented. A study of 

unproved instruments and technologies will be necessary. 

Since economic evaluation has been carried out for the six developing methods to the methane 

hydrate concentrated zone Ŭ, the flow chart and the evaluation results of the fundamental development 

method Ŭ-1, which is used as a case to exploit the circumference of the well Ŭ-1, are summarized in 

Figure 5-5. 
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[Production method data]  

Production method: depressurization 

method, vertical well 

Production condition: bottom hole 

pressure 3MPa 

 

[Formation data]  

Formation sequence: sand, silt, 

muddy layer 

Formation thickness: 106m 

Porosity of sandy layer: 42% 

MH saturation of sandy layer: 50% 

Permeability: Ŭ-1 NMR logging + 

core analyses 

Formation temperature(BSR): 

10.2ęC 

Geothermal gradient: 3ęC/100m 

 

 

Production simulator 
MH21HYDRES 

 

Economic evaluation program 
MH Economics BM 

[Results of production volume, etc. Analyses] 

Average gas production rate per well: 55,600 

m3/d 
Cumulative gas production volume per well: 
162million m3 
Average water production rate per well:  
640 m3/d 
Cumulative water production volume per well: 
1.87million m3 

Recovery factor: 32% 
Others, production profiles, recoverable 
reserves, etc. 

[Results of economic potential 

evaluation] 

Average production costs 

in production period: 46JPY/ m3 

(Average gas price in production 

period: 56JPY/ m3) 

IRR: 6% 

NPV (0%): 826 (100million JPY) 

Payout time: 8 years 

[Exploitation concept, production facilities related data] 

Production duration: 15 years (production commencement: 2021, production 

leadtime of each well: 8 years) 

Economical environment factors 

 

Number of wells: 49 

Well depth: 920m 

Well spacing: 443m 

Offshore platform: SPAR 

Gathering numbers of flowline by subsea manifold 

Produced water is injected into the layer by the injection well after separated by the 

subsea separator 

[Resource field data]  

Distance from shore: 50km 

Water depth: 722m 

Exploitation area: 9.6km2 

Depth of MH layer (below sea 

level): 814-920m 

Total methane initially in place: 244 

(100million m3) 

 

Gas price in 2004: 23.8JPY/ m3 

Rate of gas price increase: 3.88%/year 

Inflation rate: 2.56%/year 

Currency exchange rates: 110JPY/US$ 

 

Figure 5-5  Flow chart of deliberating economic potential and evaluation results for the 

methane hydrate concentrated zone Ŭ-1 

A trial calculation has been carried out for the production costs withdrawn from the methane 

hydrate-bearing layers assuming the following three patterns. 

(1) A case postulating present construction costs: 92JPY/m
3 

(the base price was set at that of 2004, and is assumed to have temporarily tripled) 

(2) All the assumed conditions come into effect: 46JPY/m
3 

(the base price of 2004) 

(3) Production volume lower (by a quarter) than expected: 174JPY/m
3
 

Technology development issues have been investigated with sensitivity analysis of the economic 

potential. The approaches to an increase in the gas production rate, an improvement in the recovery 

factor, a reduction in the water production rate, a reduction in the sanding rate and so on from the 

viewpoint of technology development, a cost reduction analysis of the subsea system, and a cost 

reduction analysis of the building of facilities from viewpoint of development system were analyzed 

as being highly effective with regard to advancing the economic potential. 
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5.4 Objective 6: Establishment of a development system complying with environment 

The basic concepts for objective 6 are described in the section ñV. Contents of Technology 

Developments, 5. Environmentò of the R&D Program as follows. 

ñRegarding the exploitation of methane hydrate, it is necessary to take the influence to the margin of 

safety of the exploitation operation itself, the impact to marine ecosystems, and the effects of leaked 

methane gas into account. 

The causes of the above are considered to be the effluence of development-related low-temperature 

fluid coming to the sea surface, the critical damage of cement and the casing in itself due to 

consolidation of the formations around the well associated with the production, the decreased 

functional status of the formation seal capacity above the methane hydrate-bearing layer due to the 

deformation, subsidence and other reasons related to the seafloor, the collapse of the methane 

hydrate-bearing layer itself, and so on. 

As these phenomena are closely related to the in-situ characteristics of the formations as well as the 

exploitation and production methods, it should be necessary to gain a thorough understanding of the 

properties of the methane hydrate-bearing layers and the nature of circumference formations and to 

carry out an analysis after due consideration of their characteristics is made. Furthermore, it is crucial 

to investigate the interannual environmental change of the topography and ecological systems of the 

seafloor, and so on in the model fields.ò 

In Phase 1, surveys of offshore environment centered around the eastern Nankai Trough have been 

carried out on two occasions - before and after the METI Exploratory Test Wells ñTokai-oki to 

Kumano-nada,ò and interannual observations have been conducted for some items. In the METI 

Exploratory Wells mentioned above, entire interval core recoveries were attempted in two sites to 

retrieve all the geological core samples from the seafloor to the layer below the methane 

hydrate-bearing layer. The core recovery ratio was low due to water depths ranging from 700 to 

1,000m, most of which were clayey samples at shallower depths. 

The research status relating to the developments of prediction techniques of the sediment deformation, 

the offshore environment surveillances and ñthe macro risk assessments of environmental impactsò 

directed by the Council for Science and Technology Policy Expert Panel on Evaluation (March 2006) 

are summarized in this section. 

1) Analyses of the Core Samples from the METI/MITI Exploratory Test Wells and Developments of 

Prediction Techniques of the Sediment Deformation 

The corings were carried out to recover the geological core samples from the seafloor to a depth of 

approximately 250m below the BSR in the two wells of the METI Exploratory Test Wells ñTokai-oki 

to Kumano-nada.ò The water depth was approximately 1,000m, and the core recovery ratio of sandy 
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samples was low. The physical and mechanical properties of the seafloor were estimated by index 

tests, consolidation tests and triaxial compression tests using those core samples recovered from the 

METI Exploratory Test Well. 

Measurements of density, consistency, grain size distribution and clay minerals were taken by index 

tests, and subsequently, the fundamental physical properties were understood. Those samples should 

be classified as low liquidity clays from an engineering viewpoint. 

The consolidation yielding stress was obtained under one-dimensional compression to the 

consolidation pressure up to 5MPa. It was confirmed that those sediments were in a state of 

overconsolidation near the seafloor, but that they were in a normally consolidation state below a depth 

of approximately 100m. 

In the triaxial compression tests, the undrained shear tests with controlling strain rate were carried out 

after reproducing in-situ stress history by K0 consolidation to the consolidation yielding stress 

obtained from the consolidation tests and K0 unloading to the in-situ overburden pressure so as to 

minimize the influences of sample disturbance on the test results. 

The constitutive equation of the ground was built to express to an adequate level of accuracy the 

mechanical properties of the seabed ground on the basis of the test results noted above. 

The simulations and the three dimensional analyses by the finite element method were undertaken for 

the results of triaxial compression tests, and the microscopical behaviors in the specimens such as the 

non-uniformities in deformations and strains as well as the macroscopic behaviors of the specimens 

were also investigated.  Figure 5-6 shows an example of the distribution of volumetric strain on the 

surface of specimen. It can be seen that the volumetric strain in the compression direction in the upper 

and bottom ends of the specimen as the volumetric strain in the expansion direction gradually 

concentrates at the center of the specimen with the axial strain increasing. As the analytical results and 

experimental results show identical tendencies, it is confirmed that the analytical results express well 

the experimental results. 
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Figure 5-6 A result of the numerical analyses for the triaxial compression tests of the core samples 

obtained from the METI/MITI Exploratory Test Wells (the distribution of volumetric strain) 

 

Axial strain 

(1) Analytical results 

(2) Experimental results (by digital image analysis) 

 

Figure 5-6   A result of the numerical analyses for the tri-axial compression tests of the core 

samples obtained from the METI/MITI Exploratory Test Wells (the distribution of volumetric strain) 

 

From the results investigated above, it is confirmed that the constructed constitutive equation can 

express well the experimental results. 

The prediction program for stratum deformation was developed by taking in account the constructed 

constitutive equation of the seabed ground. After the modules of the core system which controls the 

whole program, stratum subsystem, analysis subsystem and load subsystem were created, the 

validation between subsystems and whole system including including core system were carried out. 

It became possible to predict the deformation of the whole seabed ground with the development 

program noted above by taking in the displacement data of production stratum calculated by the 

simulator developed in the Research Group for Production Method and Modeling. By indirect 

combination, the preliminary analyses for the offshore production test was carried out, and the 

fundamental data contributing to the seafloor displacement monitoring and measuring plan at the time 

of offshore production tests were documented based on the above analytical results. 

 

 
























































































