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1.

Highlights of Phase IAccomplishments

Continuous efforts have been made to elucidate the characteristsreofiilling type methane

hydrate bearing sedimenin marine environments and to execute msponsibility as one of the

front runners in methane hydrate research.

(1) Success of continuously methane gas production from subsunfi@thane hydrateearing

zZones.

Methane hydratbearingzoneshave been recognized in subsurface layers of the Arctic

region for approximately 40 years.

As the worlds first attempt we succeeded in producing methane gastinuouslyby
dissociatingmethane hydrates that saturate the sandstone layers at depths of approximately
1,000m below the surface in Canada.

Both the hotwater 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 methoddbkl be utilized in future.

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

(2) For thefirst timein the world turbidite sand and mualternationlayerswere discovered in the

eastern Nankai Trough area, which wemnsidered viable and prosperous for developing

methane hydrategsources

1

The occurrence of methane hydrate filling pgracss of sand layersffshorewas revealed

for the first time through the drilling of thd | T | Exploratory Teimt Wel
FY 1999. Those sand layers were also confirmed tutiedite sand and muadlternation
layersthrough the drilling oME T | Expl or at or ykitdo&snaneiedid & A To
FY 2003

The technique of picking out the methane hydrate concentrated wdrieh were the
alternatiors of sand and shalmmposed o$and layers witlhigh methane hydrate saturation
has been established

See article 06.1 Objective 1.

(3) Experimental testing methods of e@amples obtained from methane hydtsaring layers and

associatethyers at the ipsitu conditions were established

1

The occurrencandpropertiesat the insitu conditions ofurbidite sand and mualternation

layerswere elucidated

1 Improvements oftte PTCSPressurelemperature Core Sampletystem originally developed

in Japan contributed somewhat to the retrievéhydér samplesvhile maintaining the irsitu

pressures and temperatures.
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“4)

®)

See article 0B8.2 Physical Property Measurements of Methane hydvatging layers (2.
Modeling Sectionpnd10.2 Laboratory Facilities of Core Testing

In a worldfirst, the probabilisticmethod based on the well data and seismic data calculating the
volume of resourcef methane gas containednrethane hydratbearing layersvas established,

and the amount of gaiappedn the eastern Nankai Trough area wasmegtdwith this method

See article 0f5.2 Objective 2: Assessment of methane gas amsun promising methane

hydrate bearing offshore areas

TheJapan's owsimulator dedicated to evaluating the gwotion behaviors of methane gas from
methane hydratbearing layersvas developed.
See article of. The Production Simulator
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2. Methane Hydrate

Methane hydrate is one of a number of unconventionalraagas resources. It is an -ides white
solid form that is composed of water and methgag, and is sometimes callédry ice. Methane
hydrate is stable in a limited range of pressures and tempear&tability field), as indicated in

Figure 21.

—-—
E-N

MITI Exploratory Test Well
= ANankai Tr

Second Onshore |—""
Gas Production Test

| First Onshore Gas Hydra=¥ .
Production Test

Stability '

field | e Methane gas

P + water

— -

—
o

(=]

PressurédMPa)

I

0 | | g ot i
-20 -10 0 10 20

Temperature® )

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 showin Figure 22. Eachmethane rolecule is contained in@age ofwatermolecules

Methane hydrate consists of numerous cages that do not always contain all methane molecules. In
occasional cases, some cages are empty. The ratietbne moleculeccupied cageis indicated as
the metlanecage occupancyccording to recent studiesage occupancy of natural methane hydrate

range from 0.9 to 0.95.

One nf of methane hydrate woullissociateto 0.8m° of water and methane. The volume of methane
becomes to 172M(0°C, 1atm) when thecage @cupancyis 100%. It usually ranges from 155 to
165n7 depending on theage occupanggndmay bel65m® 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 hydrateffshoreexists in a variety of shapes and occurrences.

Figure 23 showsthe sandy corebtained from the formation at the depth of 164.3m baleafloorin

MET I Expl or at or yokif&smanen\e ddl shichiwkterkdpth is 720m. Methane

hydrate fills the intergranular pore spaces among sand grains. Gas is trapped in pore spaces of the
conventional natural gdayels, but the pore spaces ofethane hydratbearing layersre occupied

by methane hydrate instead of gdfhen methane hydratésdociats, gas and water may fill the pore
spacesn a waysimilar to that of conventional natural gdayeis. Thosemethane hydratbearing

sandylayersare the target dheexploitationof methane hydrate

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

Figure 24 showsa sample ofmassivemethane hydrate containedamuddysedimenbbtained from
a depth of 126m belovthe seafloorat the Kumanaadaoffshorein METI Exploratory Test Wells

i T o-ka to Kumanen a dwhérewater depth is 1,862m. Such an occurrence is recognized in
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marine environments worldwidggnd is considered low irthe order of priority for exploitation

compared to methane hydrabestingin sandysedimers.

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

Figure 25 showsan example of massvmethane hydrates exposed on #eafloor which was
discovered aa water depth of 545m in the Gulf of Megidn the Uhited StatesThis is not white in
color due tdt containing impuities, and it has been discovered sedloors aroundthe world. It was
also discoveredh the southwest offshore of tf&ado Island in Japaandis considered low ithe

orderof priority for exploitationcompared to methane hydrabestingin sandysedimers.

Figure 2-5 A methane hydrate exposure on the seafloor
(Fire in the Ice, Winter 2004)
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3. Japands Met hane Hy dndbmplememRafidd StRictuwegt Phasel

31 Jap

andos Methane Hydrate R&D Program

According to the accomplishments of
1996 conducted by METI and the MITI

undertaken based on the reswts'drilling of a methane hydrate researakell in Mackenzie delta

the MITI

Explorator

Canadain 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 possibilityethane

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

Japanbés Met hane Hyhdrealier ealledii& R&DPRrogrgnt) dJoly,

organized from a mediwto longterm viewpoint of aspiring to find solutions to variossues

2001) was

regarding the economical extraction and utilization of methane gas from methane -bgdratg

layers.

The relevant articles in tHe&D Programare quoted below.

i ap
l.

an6s Met hane Hydrate R&D Program

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.

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

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.




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

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 ssediynend for research and development for
Phase 1Each of the items in the goals in tR&D Programis 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 daifishoreJapan. In Phase 1 we have principally targeted the
western Nankai Trough and southwesfshore of the Sado Island in addition to the eastern
Nankai Trough area. We-examined the BSR distributions @ffshoreJgan, and identified areas

thatwerepotentially methane hydratncentratedone

2. Assessment of methane gas amounts trapped in promising methane hydrate bearing offshore areas
We developed a probabilistic method to calculateviiiame of resourcef mettane gas trapped
in methane hydrate contained in sarségimend especiallyin 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 offshor
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 prduction test in the selected methane hydrate resource fields (until FY 2011)
Although this item was supposed to have bipgplementedn Phase 2, necessary technologies
for the offshore production test in the methane hyebatinglayers were partiallyresearched

and developed in Phase 1.
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5. Improvement of technologies for the commercial production (until FY 2016)

This item is expected to be implemented in Phase 3.

6. Establishment of developmensystem complying with environment
Fundamental data about thatural 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 establisileaelopment system complying with

environment in Pase 1, which will be continued to the end of 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 280@ever, a tweyear extasion

was demandedbly the following reasongl) It became clear througlETI Exploratory Test Wells

i T o-kkato Kumanen a d a 0 ( fhatmezhan@ Byliratef the eastern Nankai Trough existad
sandy sediments of alternating beds of sand and (@uDepressurization method was suggested as
an efficient production method at the methane hyevateing layers and3) Optimal design to
realize the depressurization method in the production test was reqlkeduations and
admonishments from the AdvigoCommittee for Promotion and Evaluation of National Methane
HydrateR&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
Evduation conducted in FY 2005 allowed Phase 1 to be extended by two earsfore, Phase 1
was amended for eight years from FY 2001 to FY 2008 (refeigtore3-1).

Japan's Methane Hydrate R&D Program

FY2001 2002 2003 2004 2005 2006 2007 2008

EY2001 FY2003 FY2007/2008
MITI Exploratory Test Second Onshoreethane|
Wells in the Eastern Hydrate Prduction Test
Nankai Trough Area E in Canada

First OnshoreMethane
a

Hydrate Production Te
in Canada

Interim appraisal

FY2001/2002
2D and 3D Seismic Surveys
in the Eastern Nankai Trough Are|

Final evaluation for Phase :

Baseline Researches (Exploration Techniques, Decomposition & Formation Techniquesp&uction
Technigues, Environmental Impact Assessment Technigues)
—

Figure 3-1

Fy 2009 2010 2011 2012 2013 2014 2015

Preparation foDffshore
MethaneHydrate Production Te|

Onshore Methanklydrate
Production Test

(1)Extraction of technicalssueghroughoffshore production tests
(2)Recommendation of economical and efficient recovery methods
(3)Evaluation of methane hydrate distribution off the coast of Japan

(4)Recommendation dIA methods through &hore production tests )
—

Interim appraisal

Offshore Methane

Hydrate Productin
Test

Offshore Methane

Hydrate Productin
Test

Final evaluation for Phase

[

"Japanos

Fy2016 2017 2018

Preparations for
Commercial Productions

Comprehensive Evaluation:
(Economic Potential,
Environmental Impact
Assessment)

Phase3

Final evaluation

(

This schedule was reviset
the end of Phase 1.

Me t hR&D progkam'd Scleedute

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




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

3.2 Implementation Structure of Phase 1
ifResearch Consortium for Met han enarhkyMH2BReseardhe s 0 U |
Consotium) 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 AssatiafioJapan (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 conductegearch and development work by collating knowledge from

almost 300 researchers.

The R&D Programwas carried out by three groups, and the Secretariat for Research Consortium for
Methane Hydrate Resources in Japan was set agstst those groups @arrying out their activities.
Each group took charge as follows.
(1) The Research Group for Resources Assessd@@MEC in charge

- Researchefor exploration techniques of methane hydia¢aringlayers

- Developments and evaluationstethnologies foresource agssment

- Researches faechnologies ofvell drilling / completiong production.
(2) The Research Group for Production Method and ModéM&8T in charge

- Investigaibn of fundamentapropertiesof methane hydratbearinglayers

- Developments gbroduction simlator and various recovery technologies.
(3) The Research Group for Environment Imp@&MAA in charge

- Investigation of offshorenvironment

- Environment impacassessment

(4) The Secretariat for Research Consortium for Methane Hydrate Resources ifJEAPMECIn
chargé
- Administering, budgeting and contracting projeatshe Research Consortium for Methane

Hydrate Resources in Japan
- Managenent ofpublic affairs promoton of achievementsandotheractivities

Working groups and taskforces were set up as &temformationsharingand collaborative work
among researchers of these groups in order to promote the research and facilitate operations (refer to
Figure3-2).
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Research Consortium for Methane Hydrate Resources in Japan

l
Research Group for
Environment Impact
ENAA

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

Research Group for
Resource Assessment]
JOMEC

Resources in Japan
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4. Principal Events in Phase 1

g July 19,ap2am®is: Met hane y daaawuneedR&D Pr ogr am

1 December 2001 to March 2002: The First OnsiethaneHydrate Production Test was carried
out

1 March 20, 2002: The Research Consortium for Methane Hydrate Resources in Japan was
founded.

1 April 3, 2002: The first Advisory Committee for National Methane HydR&® Program
1 FY 2001: METI "Tokatoki to Kumanenad" (2D) seismic surveys

1 (Reference) FY 2001: METI "Saeuki Nansei'(2D) seismic survey

1 FY 2002: METI "Tokaioki to Kumanenada"(3D) seismic surveys

1 December 2003: Mallik International Symposium in Makuhari

1 January to May 2004: METI Exploratory Test Vgell i T-akikoeKumanen a d a 0

1 April to May 2005:The Advisory Committee for Promotion and Evaluation of National Methane
HydrateR&D Program(the first and the second meetings)

1 July 2005: The Evaluation Subcommittee of Industrial Technology Sectional Coteeniof
Industrial Structure Council

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

1 July 2006:The Advisory Committee for Promotion and Evaluation of National Methane Hydrate
R&D Program(the third meeting)
1 Decenber 2006 to April 2007: The first wintgest forthe Second Onshordethane Hydrate

Production Test

1 January to April 2008: The second winterst for the Second Onshor&lethane Hydrate
Production Test

11
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5. Status of Achievement oR&D Program Goals

The implenentation plan of Phase 1, which was instituted in line withRB® Program, was
deliberated and investigated in the first Advisory Committee for National Methane HRE&ie
Program and the plan has almost been accomplished except for the delay teldted Onshore
Production Test. The status of the achievements of the goals @bjdativesl, 2, 3, and 6 iflR&D
Programchapterl are summarized below, which may comprehensively indicate the accomplishments
of Phase 1.

Regarding the achievements oét®nshore Production Test and the advances of simulators, they are
of such importance that we d&Achkigvemerds oftthe®©nshoren de
Gas Hydrate Production Tesb d &.ihe Production Simulatpro r especti vel y.

Emphatic points of the achievements of 8t he of

Predominant Results of Items Above

5.1 Objective 1Clarification of MH occurrences and characteristics offshore Japan
As the investigation of BSRBpttom Simulating Reflectyrdistributions around Japafigure 5-1)
predomnantly conducted by the former JNOC (Japan National Oil Corporation) has been taken over,
geophysical exploratioria southwesbffshoreof the Sado Island as well agophysical explorations
andMITI exploratory test well inthe eastern Nankai Trough ateavebeen carried oudfter theR&D
Program commenced. Thirty two (32) wells were drilled in the METI Exploratory Test Wells
A Tokkhto Kumanenada, 0 and various new analysis t ec
comparing the data alWD (Logging While Drilling), wireline logging anctore recovery with the
2D/ 3D seismic dataWWe are now able to interpret existing seismicveydatato a high level of

accuracy.

12
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Southwest ofhore
of the Sado Island

4

N X

Eastern Nankai
Trough Area

. @ BSR

. 400Km .

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

While the BSR has usually been used as an indicattire@xistenceof methane hydrate, the new

technique was obtained to clarify what the BSR indicateg@qdantitatively recognize the methane

hydratebearinglayers according to comprehensive examinations ofg@physical explorati@aand

the MITI exploratorytestwell in the eastern Nankai Trough area.

(1) Since theBSRoccurs at the interface between the bagh@methane hydrate stabilisoneand

the free gsbearing water layers beneath, the BSR is not observed when methane hydrates exist

only in shallower depthaway from the BSR

(2) The BSR is sometimes recognized simply due tosttiemic phasehangeand so on instead of

theidentificationof distinct seimic reflector.

(3) TheBSRdenotes the existence of methane hydrate qualitativelyasendindicatoris insufficient

for showing the amount of resources.

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

amount of gas &pped was evaluated.

Theexistenceof met hane hydrate

became <cl ear

n-okit td e

Kumanon a d and was found to bdistributald in sand sediment of turbidite sand and mud

alternation layers (refer to the pictureFigure 2-3). Figure 5-2 shows an example of Iging data

13
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denoting methane hydrate concentrated zones in turbidite sand and mud alternation layers. Those

methane hydrate concentrated zones are recognidesiraghigh-resstivity and highvelocity zones
on theloggingdata.

Distribution ofborehde resistivity Downhole well log records

b
Accelerstio
n lrdicance

Fheiiow Pesioe Resiutely (I05.NR..
ey 052 (OHMW 200
.

1 MH concentrated zone
M| Depth from 815 to 920r
=== 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 amdl alternation layers in the easternnki
Trough area are summarized Figureb-3.

14
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i r Sand and mud transped by
Mud laye S“%éo debris flow are raleposited on the
Parallel laminatior mudey seafloor.
lr After coarse sand is deposite|
Cross more finergrained sands forn|
~~~~~ lamination L
parallel laminations and crog
£ Parallel laminations.
3 e e all  [amination ir Silty sediments are deposited
- top.
tr Mud is deposited on them that a
Gradedayer Grains of | NOt associated with thidites.
sand size
Y

Figure5-3 Geological characteristics of turbidite sand and mud alternation layers

When coarssediments depositat shallow depths are mixed with circumjacent fluids, fluidized and
transported intdhe deepseaby earthquak® storm wind andtsunami onceeveryfew decades or
hundred years, these sediments fanto so-cdled submarine fans. Thdorm alternating beds of
sand and mud offshore where only figiained mud can be depositeaid arecalled turbiditelayers.
These argecognized as the shapes of a channel and a lobe in sdatmitn thesdayers,methane
hydrae isunderstoodo concentrate in the methane hydrate stabilityeindicated by BSRsHigure
5-4).

Since sedimentary formations where methane hydrate is concentrated continuously on a broad scale
are consideretb be promisingthey are defined as methane hydrate concentzatezs and evaluated

differently from other methane hydratearinglayers

We thenexaminel al | the data obtained from whki® METI
Kumanen a d a, 0 aiterih offttie kighdresistivityayer to be greatet h a rAm B wells and

thicker than 10m in net thickness as a threshold level to distinguish the methane hydrate concentrated
zones from othezones. Based on this criteripive checked several propertigsown on the seismic

data at the locations with well controls, and confirmed the metbode used bypicking the
methane hydrate concentratashes out from the reflection seismic data by using the following four

indices:

15



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

A) Existence oBSRs

B) Distributionsof turbidite sand and mud alternation layers such as channels and lobeB&Bsve

C) High amplitude reflector

D) High velocity anomaly

In addition 16 methane hydrate concentrated zones have ideetifiedin the eastern Nankai Trough
area using this methodlhe 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.

MH
MH concentrated
-bearing v / zone
zone stability
3 High-amplituds zone ~-BSR
reflecta )
MH
concentrate
zone

Figure 5-4 Example of methane hydrate concentrated zones
(the methane hydrate concentrated zone b )

Since the concept of @A Met h aheeethddfod its @valeatioG werec e nt r
confirmed, the following have becorfeasible

(1) Probabilistic calculations of original gas in pladecame feasible (refer to the artibl@).

(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 turliid sand and mud alternation layers as reservoirs recognized in the
MET I Expl or at or yokiToeKsrhaneVa db® haolkaibeen pursued
recoveredcore samples and the project standard samples simulating methane-bgdratg layes.

For this purpose, the technique of making the artificial methane hydrate sediment cemmukee

the core samples recovered from the METI/MITI Exploratory Test Wells hasdesetopedand the
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basic technique of measuring the physical propertiesediments at the 4situ conditions has been

improved (refer to the articl8.2).

The physical properties of thosgbidite sand and mud alternation layassreservoirs may serve as a
basis of data input tdé production simulators for evaluating the production volumes and figuring

out the economic potential. Prevailing values of the physical propertisk@mabelow.

A) Thermal property
Thermal conductivity;
Sandy cores:.56W/mAK, Muddy cores: 1.15W/AK
Cores in the vicinity of the interface between alternating beds of sand and mud:
1.7- 2.3W/mAK
Specift heat (1%
Sand grain of sandy corés82J/d\K
Muddy parts: 077J/gAK
Methane hydratdearing layers (porosity 40%, methane hydrate saturation @026)1/dhK
Massivemethanenhydrates 1.91J/ddK
B) Permeability characterisc
Absolute permeability of sandy corater methane hydrate dissociated: a feillidarcies- a
couple of 100millidarcies (anisotropic nature possibly)
Absolute permeability of muddsediment: afewe d ataciceosupl e of 100¢ da
C) Characteristisof Elastic Wave
Core samples recoveredoiin the METI/MITI Exploratory Test Wells with 30% of methane
hydrate saturation: P waveDROm/s, S wave 800m/s

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

D) Resistivitycharacteristis

At ar oAmrodcord samplesith a fewpercenif methane hydrate saturation

E) Grain size $andysedimentsores)
Relatively large sand grainswith0 0 €3 0em i n grain diameter, 20C(
at the base of sandsedimers , smal l er than 100¢chetop of samdyer a g e
sedimend. Alternations may contain silts more than 10% near the boundary with muddy

sediment.

F) Bulk density
Sandy cores:.6- 1.9, Muddy cores: 1.92.0

G) Porosity
Sandy cores40%- 45%, Muddy cores: 36%40%

H) Methane hydrate saturation
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5.2

Cores of sandyedimend: 40% - 50% (those values are considered much larger at theuin
conditions due to hydrate dissociation processes at the time of measurements)
Muddy cores: those scarcely contain methane hydrate.

Cores in the vicinity of the inteace between alternating beds of sand and td: 3%

I) Dissociationgas
Sandy cores: methane, ethane is detecté@@ppm- 2,800ppmin the cores fronsome areas

Muddy cores: arountiml/g of CO, has been detected.

J) Strength of methane hydrabearing layes
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 tife interface between athating beds of sand and

mud are also in progress.

K) Influenceof methane hydrate dissociation
Strength of alternations decreases to about half the primary strength due to dissociation of
methane hydrate accompaniedthg advanementof consolidationand a decreas in absolute

permeability.

L) Capillarypressure measurement
Muddy cores: Pressure at the beginning of injectidhiggMPa. Pressure at 20% of injection is

1MPa. They have sufficielseal capacity of gas.

Objective 2:Assessment of methane gas antsimpromising methane hydrate bearing offshore
areas

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

area (refer tdrigure 5-1) asbeing apromising methane hydrateearing areaand calculated the

original methane gas in plage methane hydratbearinglayersin seaarea. The calculation method

is based on the volumetric method taking the range of uncertaiagchfparameter into account, and
evaluations by the stochastic method were adopted. We abstracted the methane hydrate concentrated
zones and the spatial distributions of methane hydireéeinglayers at the same offshore area shown

in Figure5-4, andcalculated the amounf original gas in existencén equation was introducetat

was modifiedand wasapplicable to methane hydrate from the equation of volumetric metfaptedd

to the conventional resources.
The nethane hydrate concentrated zones:

Theoriginal methane gas in placeGRV x N/G x (i x Sy x VR x CO
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Methane hydratbearinglayers(other than the methane hydrate concentrated zones):

Theoriginal methane gas in plaséAreax Netx (i x Sy x VR x CO

Paameters used above are listedable5-1.

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

Parameters unit
GRYV (gross rock volume) million m*
N/G (net/gross ratio, ratio of sandy laye fraction
in alternating beds of sand and mud)
U (porosity)
Swn (methane hydrate saturation)
VR (volume ratio)

Assumed probability distribudin
Log normal distribution
Log normal distribution

Normal distribution
Normal distribution
Uniform distribution
(172@0eCAatmospheric pressyre

fraction
fraction
fixed number

CO (cage occupancy) fraction Triangular distribution (0.95 on aage
obtained from natural samples)
Area(area of distribution) km® Log normal distribution

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

Theoriginal methane gas in plagethe methane hydrateearinglayers in the eastern Nankai Trgh
area is calculated using the above methods, and their results are summarizedalie 5-2.
Calculations are carried out in each fielmhtaining adistribution of methane hydrate, and the total
amountsare simfy a sum. Theoriginal methane gas in plaég a volume of methane at standard
conditions QeC, atmospheric pressure), whialeassumed to derive frothe dissociatiorof methane
hydrates into water and methane in subsurface formatBomeof these gaseare producedto the
surface, and the rest remains in the subsurface formaltibagatio of gas producedthe surfacénas
not yet beendetermined however itshould become clear from an analysis of the resultthef

production test and study ofthe 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 ofmethane initiaII3y considedeto
exist (100millionm®)

Grouping P90 Pmean P10
Methane hydrate concentrated zoni 1,769 5,739 11,148
Methane hydratbearinglayels 1,067 5,676 12,208
Total 2,836 11,415 23,356
PO9Q  Estimated occupied volunggeaterthan this valugtheprobabilityof which exceeds 90%
Pmean The mean value

P1Q  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 deliligna of economic potential
This objective is divided into two aims such as selecting the methane hydrate resource fields and
deliberating economic potential. Evaluations of #ahievementsf both ofthe aboveare conducted

with scrupulous coordinationnd are desdoed sepratelyfor practical convenience.

1) Selection of the Methane Hydrate Resource Fields
The locations with well data of the METI/MITI Exploratoyest Wells extracted from methane
hydrate concentrated zones at iiiezonesdefined in sectin 5.1 were targeted for investigation of 41
items, and three methane hydrate concentrated £0nes b 3) weeemdbpted as the candidate areas
for offshore production test®etailed geological models werenstructed at the two concentrated
zonesandbf. Based on these weedsdlinsalknr veisitg araundithe mo d e
well, and production simulatns were carried outRggarding the production simulation, refer to

s e ¢ t7i ThenProduction Simulator)
The 41 items used fdneadoption are listed below.
1 Original gas in place
1 Geological items: volume, area, thickness of layer, stratigraphy, reservoisggimentation
patern
1 Site sitiatiors. water depth, distance from the shore
1 Reservoir characteristics: reservoir thickness, fand ratio, reservoir continuity, vertical
permeability in reservair degree of consolidation of sandnd mud, depth of reservsir
reservoir temperature,ipd and strike of the reservajr existence of water laygrin the
reservois, permeability of the layer above the reservoir, existence of methane hydrate in the
layer above the reservoir, existence of fault fadture, permeability of the layer beneatet
reservoir
1 Production relevance: predictions of produciigtpredictions of production damage

1 Seafloor environmest inclinations of the seafloor, properties of sediments on the seafloor,

existence of drilling troubles, circumjacent seafloor topdgyap

1 Offshoreenvironmerd: meteorological phenomena, hydrographic phenomena, ocean currents
and tidal currents, background concentrations of dissolved methane in sea water, methane
fluxesfrom the sediments, methane faspresumed by SMdlepths marine marmmals, marine

reptilians, ocean ranging fishes, benthonic living organisms
1 Others: fishing atvities, submarine cables, sham battle fields

(Remarks:SMI=Sulfate Methane Interfacevhich isa sulfatemethane boundary and one of the markers indicating

methare fluxesadjacent taheseafloor.)
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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 summarizedable5-3.

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

Methane Hydrate Methane Hydrate Methane Hydrate

Items Concentrated ZoneU Concentrated Zoneb Concentrated Zoneo
Original gas in placePmean 591 87 111
(100million m®)
Area (km?) 35.5 12.3 23.7
Total average thicknegm) 62.3 39.6 37.8
Water depth{m) 675- 878 857- 1405 855- 1,035
Distance from shorém) 40- 50 70- 80 40- 50

turbidite sand and mud
alternation layers

turbidite sand and mud
alternation layers

turbidite sand and mud

Reservoir types alternation layers

U1 Well; 815- 919

02 Well: 922- 953 b-1 Well: 1,295- 1,339

Depth of reservoirgm) -1 Well: 1,167- 1,193

. U-1Well Site b-1 Well Site 2-1 Well Site
Formation temperatureC) 8.6- 10.3 12.7-14.3 12.5-13.2
Inclination of seafloor Less than 2 degrees arou| Sometimes exceeds 1 Less than 2 degreg
theUl a Rdvelld) degrees asome sites as th{ around thev-1 well.

circumjacent seafloo
topography is convoluted
around theb-1 well. The
general inclination g
approximately 3 degrees g
average. Some areas of
seafloors are virtually flat.

Circumjacent safloor
topography

The topography is a gentl
slope around the}1 and
U2 wells. A steep
escarpment begins at th
site 5km east of the wel
and continues to th

The seafloor topography i
convoluted around thé&-1
well and has a rise in th
sauth. The trace of
submarine landslide i
recognized at the site 4ki

The topography is a gentl
slope around the-1 well.
A steep escarpment begit
at the site 4km from the
well continuing to the
submarine canyon.

depression. northwest of the well.

2) Deliberation of EonomicPotential
The aims othe economic potential deliberations are to devalmpconomic evaluation progratnat
is suitable for the exploitationf methane hydrate, toreate avision for the feasibility of methane
hydrate exploitation, to compare tkstimated production costs expected from the present stage of
research to those of conventional resourcedistmverissuegelated todeveloping technologies, and

SO on.

We deliberatedbn economic potential based on the producti@haviorssimulated ér the methane
hydrate concentrated zon®& that were selected in the preceding section. We used the
MH-ECONOMICS Basic Modeéconomic evaluation prograthat has beedevelopedand found

suitable for the exploitatioaf methane hydrate.

The R&D Programwas configured with business operat®mo commencein 2016, productiorto

commencen 2021,a production period of 15 years, aagroduction leadtime of each well for eight
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years. Alsg according to inquies about fluctuatinggas price and other factoyshe priceof gas in

2004 was configuretb be23.8PY/m’, the rate of inflation was 2.56%s anannual percentage rate,

and the rate of increase in gas psisas 388% as an annual percentage rate.

Regarding the developentsystem, production facilitiesilvbe put into place on the seaflo@ases

produced will be collectedn the offshoreplatform and transporteda pipelineto 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 watethe manifold will be separated by the separator. After

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

producedare pressurized to a few MPand collected on theoffshore platform, they will be

re-pressurized and deliversth pipelineto the destination for consumption.

Prevailing assumptions used for the deliberation of economic potatiiéé time are as follows.

1)

)

©)

4

The geology is assumed to be uniform horizontdllye data of one of the wells drilled in this
region have beeadopted

Longterm production damagis estimated to bevithin the scope of the assumption. It is

necessaryjor this tobe substantiated by productiand othetests.

It is assumed thahé volume of productionwill be fulfilled. The calculation by the production

simulator has been applied.

It is assumed thahé equipment, technologiesd other factors wilbe implementedA study of
unproved instruments and technologies will be necessary.

Since economicevaluationhas been carried out for the six developing methods to the methane

hydrate concentrated zokkthe flow chart and the evaluation results of the fundamental devetdp

methodU-1 , which is used as a case t-lgareesunumarzédtin t h e
Figure5-5.
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[Resource field data]

Distance from shore: 50km
Water depth: 722m
Exploitationarea: %6km?

Depth of MH layer (below se
level): 814920m

Total methane initially in place: 2
(100million n¥)

[Production method data]
Production methaddepressurizatid
method, vertical well

Production condition: bottom hq
pressure 3MPa

[Exploitation concept, production facilities related data]
Production duration: 15 years (production commencement: 2021, prod

leadtime of each well: 8 years)
Economical environment factors— [ price in 2004: 23.8JP¥?
Rate of gas price increase: 3.88%/yq

Inflation rate: 2.56%/year
Currency exchange rates: 110JPY/U|

Number of wells: 49
Well depth: 920m
Well spacing: 443m

Offshore platform: SPAR

subsea separator

Gatheing numbers of flowline by subsea manifold
Produced water is injected into the layer by the injection well after separated

Production simulator

[Formation data]
Formation sequence:
muddy layer
Formation thickness: 106m
Porosity of sanglayer. 42%

MH saturation of sandlayer: 50%
Permeability: -1 NMR logging +
core analyses

Formation temperatur@BSRY):
102 @

Geot her mal C/1§Gma d

sand,

MH21HYDRES

Economic evaluation progral

MH Economics BM

:

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

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

hydratebeaing layers assuming the following three patterns.

(1) A case postulatig present construction costs:

[Results of production volume, etc. Analyses
Average gas production rate per well: 55,
m¥/d

Cumulative gas prodtion volume per wel
162millionm?

Average water production rate per well:
640m’/d

Cumulative water production volume per we
1.87millionm®
Recovery factor: 32%
Others,  production

profiles, recovera

[Results of economic potentig
evaluation]

Average production costs

in production period: 46JPYi#®
(Average gas price in producti
period: 56JPY®)

IRR: 6%

NPV (0%): 826 (100million JPY)
Payout time: 8 years

reserves, etc.

met hane

hydr at e

cdncentrated

92JPYMm?®

(the base price was set at that of 2004, aadssmedo havetemporarilytripled)

(2) All the assumedonditionscome into effect:

(the base ice 0f20049

46JPY/m

(3) Production volume lower (by a quarter) than expected:74JPY/ni

Zzone

Technologydevelopmentissues have been investigated with sensitivity analysis of the economic

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

factor, a reduction in the water production rate, a reduction in théngarate 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 faties 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 afdevelopmensystem complying with environment
The basic concepts for objective 6 are déserid in the section iv. Co

Devel opments, 5.R&Programasfollowsnt 6 of t he

AfRegarding the exploitation of methane hydrate
safetyof the exploitationoperation itself,lie impact to marine ecosysterasd theeffects ofleaked

methane gas into account.

The causesf the aboveare consideretb bethe effluence of developmerglated lowtemperature

fluid coming to the sea surface, theitical damage of cement anithe casng 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 Hyesaieg layer due to the
deformation subsidence andther reasonselated tothe seafloor, the collapse of the methane

hydratebearing layer itself, and so on.

As these phenomena are closely related to tts#uncharacteristics of the formations as well as the
exploitationand production methods, it should be necgsiagain a thorouglunderstanithg of the
properties of the methane hydrdtearing layers and the nature of circumference formations and to
carry out amanalysis after due consideration of their characterisiicsrade Furthermore, it is crucial

to invedigate the interannual environmental change of the topograptigcological systesof the

seafloor, and so an the model fields o

In Phase 1, surveysf offshore environmententered around the eastern Nankai Trough have been
carried outon two occasins-bef ore and after t he MET-bkitExpl or
Kumanenada, 6 and interannual o foissemevitarisi Ino the MBETla v e L
Exploratory Wellsmentionedabove,entire interval coe recoveriesvere attemptedin two sites to

retrieve all the geological core samples from the seafloor tolaher below the methane
hydratebearing layer. The core recovery ratio was low due to water degtgsng from 700 to

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

The regarch status relating to tdevelopments of prediction techniques of $bdimenteformation,
the offshoreenvironrmet surveill ancgeskamdstskenemasr o f env
directed by the&Council for Science and Technology Policy Exgeanel on Evaluation (March 2006)

are summarized in this section.

1) Analyses of the Core Samples from the METI/MITI ExplorgtTestWells and Developments of
Prediction Techniques of tf&edimenDeformation
The corings were carried out to recover the ggiokl core samples from the seafloor to a depth of
approximately 250m below the BSR in the-okiwo we

toKumanenada. 06 The water depth was approxi mately
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samples wasow. The physical and mechanical properties of the seafloor esti@mated byindex
tests, consolidation tests atréhxial compression tests using those core sanmglesveredrom the
METI Exploratory Test Well

Measurements of density, consistency,gsake distribution and clay minerals were takgnindex
tests, andubsequentlythe fundamental physical properties warglerstood Those samples should

be classifiedaslow liquidity clays from an engineering viewpaint

The consolidation vyielding s was obtainedunder onedimensional compressiorio the
consolidation pressure up to 5MPa. It was confirmed that those sediments weaestate of
overconsolidation near the seafloor, but that they wegernrmallyconsolidationstate belowa depth

of approximately 100m

In the triaxial compression tests, the undrained shear tests with controllingateamre carried out
after reproducingin-situ stresshistory by K, consolidation to the consolidation yielding stress
obtained from the awsolidationtests and, unloading to the isitu overburden pressure so as to

minimize the influences of samplésturbance otthe test results

The constitutive equation of the ground was built to expresan adequatdevel of accuracy the

mechanical properties the seabed groundn the basis dhe 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 microscdmbalvioran the specimesnsuch ashe
nonuniformities indeformations and strains as well as the macrosdmghiaviorsof 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 thesiradh increasing. As the analytical results and
experimentatesults show identical tendencies, it is confirmed that the analytical results express well

theexperimentatesults
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Axial strain

(1) Analytical results

(2) Experimental resultéy 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 aboiteis confirmed thathe constructed constituvequation can

express well the experimental results.

The prediction program fastratumdeformation was developed by taking in account the constructed
constitutive equation of the seabed ground. Attber modules ofhe core systerwhich controlsthe
whole program, stratum subsystem, analysis subsystem and load subsysteen created, the

validationbetween subsystems and whole systertuding including core system were carried.out

It became possible to predict the deformation of the whole seabed gngtlnthe development

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

simulator developed in th®esearchGroup for Production Method and ModelindBy indirect
combination the preliminary analyses for the dftse production test was carried out, and the
fundamental data contributing to the seafloor displacemenitoringand measuring plan at the time

of offshore production tests were documeriiaded on the above analytical results
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